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This invention relates to improvements in apparatus of 
the type wherein the temperature and resistance of a 
heated ?lament in an electrical circuit are varied by the 
character of a ?uid surrounding the ?lament and relates 
to a portable ?lament apparatus wherein changes in the 
resistance of the ?lament are measured by means of an 
electrical system. More speci?cally the invention per 
tains to a portable arm of a Wheatstone bridge useful in 
the determination of the ?ash point of hydrocarbon liq 
uids. ~ 

We have devised a system for automatically obtaining 
an indication of the ?ash point of liquids by means of 
an apparatus comprising a Wheatstone bridge in adjacent 
arms of which are placed identical ?laments of a mate 
rial'which is a catalyst for oxidation of vapors. One is 
the test ?lament exposed to oil vapors and the other is a 
reference ?lament which is not. Catalytic oxidation of 
the oil vapors raises the temperature of the exposed test 
?lament. This results in a change in the ratio of the ?la 
ment resistances producing an unbalance of the bridge 
which is correlated with ?ash points as described in our 
copending application Serial No. 192,516, ?led October 
27, 1950, entitled “Flash Point Determination and Re 
cording.” 
By our system, a large number of samples are tested in 

series atthe same constant temperature, each sample being 
placed in a partially ?lled container or ?ask which is 
closed and immersed in a constant temperature bath. 
When the sample vapor has come to equilibrium at the 
bath temperature, the heated test ?lament is inserted into 
the vapor ‘space of the sample container and combustion 
occurs at the test ?lament causing its temperature to rise 
above that of the reference ?lament similarly heated by 
the electric current but not exposed to combustible va 
pors. 
The rise in the test ?lament temperature depends upon f 

the rate of combustion and the resulting unbalance of the 
Wheatstone bridge circuit is correlated with the ?ash point 
of the sample. This can be done by comparing the ex 
tent of: observed unbalance of the bridge with that which 
occurs when decane or another standard hydrocarbon of 
known ?ash point is tested under identical conditions. 
'lW-Thecuccessful determination of ?ash points by this 
type of system depends essentially upon the physical uni 
formity and stability of the comparative ?laments. When 
the temperature of the test ?lament increases during the 
catalytic oxidation thereon, it increases in length and 
when subjected to mechanical shock may change its shape. 
Either or both of these effects will result in a change in 
the electrical characteristics of the ?lament. 

Heretofore it has been proposed to stretch the ?laments 
between ?xed points in the test chamber or to use helical 
?laments. However, these have not produced a satisfac 
torily stable ?lament for portable use. It is therefore a 
primary object of this invention to provide a portable ?la 
ment mounting which provides uniform shape at varying 
temperatures and under mechanical shock. Another ob 
ject is to provide a ?lament assembly which can be ma 
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nipulated so as to enter the narrow mouth of a container 
or ?ask containing a sample to be ‘tested for ?ash point. 
A ‘more speci?c object of the invention is to provide a 
rugged ?lament mounting or probe adapted to be inserted 
within a test ?ask. These and other objects of the inven 
tion will become apparent as the description thereof pro 
ceeds. 

Brie?y, according to the invention, we provide a spring 
loaded straight platinum ?lament. The ?lament is sup 
ported by a pair of mounting springs in tension. The 
mounting springs are in turn ?xed to conductor posts in 
a generally cylindrical insulating body encased within a 
brass sleeve and electrical conductor elements are con 
nected to the posts. The sleeve is adapted to be inserted 
within a test ?ask, thereby placing the ?lament within 
the ?ask in a zone which is at equilibrium with regard to 
temperature and vapor concentration. 

It is essential to have the ?lament in a horizontal or 
transverse position with respect to the longitudinal axis of 
the probe. This places the entire ?lament near and at a 
uniform height above the surface of the liquid sample in 
the ?ask and avoids vapor pressure and temperature gradi 
ents which might occur. The brass sleeve is so arranged 
to insure that the transverse ?lament assumes a uniform 
height when inserted into the test chambers. 

Further details of the invention are illustrated by the 
accompanying drawings wherein: 

Figure 1 is a longitudinal sectional view of our novel 
?lament holder or probe; 

Figure 2 is a schematic showing of one apparatus em 
ploying our test method or probe; and 

Figure 3 illustrates a chart correlating ?ash points to 
the bridge unbalance. 

Referring to Figure 1, the details of our probe are il 
lustrated. The catalytic ?lament 10 may for example be 
a platinum ?lament of about 0.003 inch diameter and 
about 0.266 inch in length and mounted between mount 
ing springs 11 under a tension of about 3.5 grams. The 
leaf springs 11 maybe of stainless steel of about 0.375 
inch in length and 0.04 x 0.031 inch in cross section and 
supported at their ends by posts 12 made of conducting 
metal, such as copper, clad with chemically inert mate 
rial as the application requires and embedded in a general 
ly cylindrical and elongated body portion 13 made of in 
sulating material such as “Lucite.” A brass sleeve 14 sur 
rounds the lower portion of the body 13 and this sleeve 
is adapted to enter the throat 15 of the ?ask or sample 
container 16. A shielded cable 17 having conductors 18 
and 19 passes through cable spring 20 anchored in nut 
21 which is threaded about the cylindrical cable connector 
shield 22 encircling a substantial proportion of the body 
13 and separated from sleeve 14 by annular shoulder 23 
on body 13. The conductors 18 and 19 are electrically 
connected to the copper posts 12. A protective cage hav 

_ ing bars 24 extending longitudinally from the sleeve 14 to 
a ring 25 is provided to prevent damage to the mounting 
springs 11 and the ?lament 10. . 
A pair of probes 30 and 31 of the type illustrated in 

Figure 1 are connected in the electrical circuit illustrated 
in Figure 2. A direct current power source to furnish the 
necessary heating current of about 0.75 amps may com 
prise transformer 32 and recti?er 33, the output of which 
is applied to the circuit including ammeter 34, variable 
resistances 35 and 36, ?xed resistance 37, ?laments 10 
and 10a and the associated conductors. The output of the 
bridge circuit is transmitted by leads 38 and 39 to an in 
dicator or recorder means (not shown). 
A shallow and wide constant temperature bath 45 holds 

a number of containers 16, 46 and 47 mounted on rack 
48 within the bath as shown in Figure 2. The bath tem 
perature determines the useful ?ash point range of the in 
strument and, in general, this range is limited to about 
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75° F. Above the bath temperature since beyond such 
upper limit, sensitivity diminishes rapidly. The maximum 
temperature variation between any two points in the bath 
at any time is kept less than about 0.4“ F. by circulation 
of the bath liquid and a stirrer (not shown) may be used 
for that purpose. 

Preliminary to making a ?ash point determination em 
ploying our apparatus, the oil is placed in the bath 45 
to the indicated level below the mouth of the ?ask or con 
tainer 16 and the temperature of the oil is brought to 
about 100° F. The container rack 48 is ?tted with sample 
reference, and check containers 16, 46 and 47. The check 
container 47 contains 20 cc. of pure decane and is used 
to determine the sensitivity of the test probe 31. Refer 
ence container 46 is an empty clean container in which the 
reference probe 30 is ordinarily kept permanently. 
To test a group of samples, a number of sample con 

tainers are carefully cleaned so that no trace of previous 
samples’ or solvent remains. Satisfactory results have 
been obtained by thoroughly rinsing the containers with 
carbon tetrachloride and drying with an air stream before 
?lling. Exactly 20 cc. of the sample is placed in each 
sample container such as 16 and immediately corked. 
These sample containers are then placed in the bath 45. 
The reference probe 30 is kept in an empty container 

46 in the bath 45 to maintain it at the ambient ?lament 
temperature. The output of the Wheatstone bridge is 
applied to a high precision indicator which may be a volt 
meter, an alarm system, or a recorder. 
A large number of tests were made with the catalytic 

?lament on samples of known ?ash points and the ratios 
of the recorder readings of the sample and of the stand 
ard were plotted to provide the curve of Figure 3. The 
?ash points of other blended samples were determined by 
precision tag closed cups and these check points fell well 
within the points obtained earlier. Thus when the ratio 
of the sample reading to the check reading obtained with 
pure decane is applied to the curve, the ?ash point can be 
read o? directly. Alternatively, calibration charts have 
been prepared wherein the de?ections of the recorder for 
given probe sensitivity, as determined with decane, are 
plotted against ?ash point. Thus, the observed de?ection 
reading with an unknown can be applied to the calibration 
curve and the ?ash point read from the chart. 

In general, a platinum ?lament is satisfactory but in 
some instances the inherent strength of a catalytic ?la 
ment which consists of an alloy containing at least one of 
the elements of the platinum group including rhodium, 
palladium, ruthenium, and iridium may be preferred. For 
example a 10 percent rhodium alloy of platinum has been 
used satisfactorily with a 0.003 inch ?lament. 

Although our invention has been described in terms 
of speci?c apparatus which is described in considerable 
detail, it should be understood that this is by way of ii 
lustration only and that the invention is not necessarily 
limited thereto, since alternative embodiments and operat 
ing techniques will become apparent to those skilled in 
the art in view of the disclosure. Accordingly, modi?ca 
tions in the invention are contemplated without depart 
ing from the spirit of the described invention or the scope 
of the appended claims. 
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We claim: 
1. In a test apparatus adapted to have one end thereof 

inserted into a test chamber and forming one arm of a 
Wheatstone bridge circuit, the improved probe which com 
prises an electrically non-conducting core of generally cy 
lindrical con?guration, an annular shoulder on said core 
intermediate the ends thereof, a sleeve encircling a ?rst 
portion of said core and terminating adjacent an end there 
of, a shoulder on said sleeve abutting said shoulder on 
said core, a pair of electrically conducting posts spaced 
from each other and extending longitudinally through said 
core, extensions of said posts projecting beyond the end 
of said ?rst portion of said core encircled by said sleeve, 
a pair of electrically conductive resilient supports carried 
by the projecting extensions of said posts, a catalytic ?la 
ment supported in tension between free ends of said resili 
ent supports transverse to the longitudinal axis of said 
core, electrical leads connected to said posts, a connector 
shield encircling a second portion of said core and pro 
jeting beyond the end thereof, a connector shield nut 
threaded to said connector shield and having an aperture 
therein through which said electrical leads pass, and a 
protective cage carried by said sleeve and projecting lon 
gitudinally beyond the ends of said resilient supports so 
as to protect said supports and said ?lament. 

2. An improved probe for use in a testing apparatus 
which comprises an electrically non-conducting core of 
generally elongated con?guration, a shoulder about the 
girth of said core, a casing about a ?rst ‘portion of said 
core and terminating adjacent an end thereof, a shoulder 
on said casing abutting said shoulder on said core, a pair 
of electrically conducting posts spaced from each’ other 
and extending longitudinally through said core, extensions 
of said posts projecting beyond the end of said ?rst portion 
of said core enclosed by said casing, a pair of electrically 
conductive resilient supports carried axially by the pro 
jecting extensions of said posts, a catalytic ?lament sup 
ported in tension between the other ends of said resilient 
supports and extending transversely to the longitudinal 
axis of said core, electric leads connected to said posts re 
mote from said projecting extensions, a connector shield 
enclosing a second portion of said core and projecting be 
yond the end thereof, and a protective cage carried by 
said casing and projecting longitudinally beyond the ends 
of said resilient supports so as to project said supports and 
said ?lament. 

3. The apparatus of claim 2 wherein the protective‘ 
cage comprises a plurality of peripheral wire elements 
terminating beyond said ?lament in a ring having an out 
side diameter which is smaller than the outside diameter 
of said casing. 
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