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Sinters are devices that are used to increase the surface area of contact between

the metals being used and liquid helium. The sinter used in this experiment was made out

of copper and was enclosed within a heat exchanger cell.  The heat exchanger cell also

includes a heater and a carbon resistor, which will be used as a thermometer.  This cell

should help to lower the Kapitza resistance, or the low temperature thermal resistance

between materials under study.
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Introduction:

In low temperature research, thermal contact between two or more materials under

study proves to be quite difficult.  This is due to what is known as the Kapitza resistance.

The Kapitza resistance, or low temperature thermal resistance, tends to increase as

temperature decreases.  Because of this devices known as sinters are used because of the

large surface area to volume ratio that they posses.  In this experiment the sinter was housed

within a brass heat exchanger cell which consists of the sinter, a carbon resistor

thermometer, and a heater.

Experimental:

Sinter:

 Sinters are devices that are used to increase the surface area of contact between the

metal being used and liquid helium.  The sinter constructed was made out of a copper

powder with a diameter of roughly 40 micrometers.  The sintering itself consists of two

main steps: applying and maintaining a relatively high force followed by the baking of the

sinter piece at a desired temperature.

 In our design, 4.3 grams of the copper powder was used and compressed into a

small well within the bottom half of a brass heat exchanger cell.  The well, which had a

volume of 0.68 cm3 , was compressed under a force of approximately 4000 lbs. by a tire

jack.  After being compressed 0.387 g of loose, excess powder was scraped away from the

surface of the sinter.  The pressurization forces the powder to be more compacted and thus

increases what is known as its filling factor.  The filling factor is a measured ratio of the



3

powder density to the density of the pure substance being used.  In the case of the sinter that

we constructed 3.913 g of the copper powder remained and the excess powder was scraped

away.  From that value, along with the volume of the well and the density of pure copper,

the filling factor could be computed.  The density of the copper powder was calculated to

be 3.913 g / 0.68 cm3 or 5.75 g / cm3 .  This powder density was then divided by the density

of pure copper, 8.9 g / cm3 .  This value for the filling factor came out to be 64.65%, which

was higher then expected.  After the copper powder was pressed it was then baked in a

quartz tube oven with a pressure of approximately 10-5 mbar within the glass tube.  This

baking is what gives the sinter a “spongy” texture.  This copper powder was baked up to a

temperature of  850 oC over a period of 1 hour and 23 minutes.  We aimed to have the

copper powder baked at a constant temperature of 850 oC for an hour.  Once the oven

reached a temperature of 850 oC it was turned to the off position and left to cool overnight

(see table I).  Once baked the texture of the sinter changes to one more like that of a sponge.

Table I:

Elapsed Time (minutes) Oven Temperature (oC) Notes

0 room temperature oven turned to high

9 460

13 700 oven turned to #6 setting

18 800

23 850 oven turned to #5 setting

24 845 oven turned to #4 setting

83 850 oven turned off and left to cool
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Heater:

The heater to be used in the heat exchanger cell was to be made out of fashioned

Stycast 1266 epoxy. The piece was fashioned by hand with the use of a file and accurately

measured with the use of a digital micrometer. After fashioning, the epoxy piece had a final

length of 9.25mm, a width of 3.5mm, and a thickness of 0.8mm.

The next step was to wrap a wire around the Stycast piece in order to build a known

resistance.  The resistance that we aimed to meet with the wire was 100Ω. The wire being

used had a known resistance of 41Ω / inch.  The Stycast piece was then wrapped and

measured to have 55.9mm, or approximately 2.25 in. of wire wound around it.  With that

approximation it was hypothesized that the total resistance of the heater should be around

92.25Ω.  The heater was then connected to a digital voltmeter and it was read to have had a

total resistance of 91.4Ω.  The wire used for this purpose was an extra thin piece of

platinum-tungsten alloy wire.  This alloy wire was very brittle and had a diameter of

0.00092 in..  The alloy wire was carefully wrapped around the Stycast piece to ensure that it

would not come in contact with itself.  Wood / GE varnish was used as a glue to keep the

wire in place.  A microscope was used to view and work on the Stycast piece as the alloy

wire was being wound around it.  The varnish was applied to the 9.25mm X 0.8mm face of

the Stycast piece in a minimal amount with the use of a toothpick.  The varnish would be

dabbled on the face of the Stycast piece while the wire would be positioned within the

varnish.  The varnish would then be set aside to polymerize and in essence glue in the wire

in place.  That process was repeated for approximately 7-8 complete rotations around the

Stycast piece.  At this point a protective envelope was then constructed out of cigarette

paper (see figure I).  This protective envelope is used as an insulating shield for the wiring
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of the heater, so that they are not allowed it to come in contact with any part of the cell or

the carbon resistor.

Figure I:

B.E.T. gas adsorption:

The B.E.T. adsorption method is used to determine the surface area of a sinter.  It

uses a system of pipes and valves to measure changes in pressure of gases added to the

system.  A schematic of the apparatus that we used in our experiment is shown below (see

figure II).  The first step in using the apparatus was to calibrate the pressure transducer

gauge.  This gauge is what measures the changes in pressure of the gases.  The right side of

the gauge is vacuumed out so that the pressure on the left side of the gauge can be measured

with respect to approximately zero pressure.  The gauge that opens the system to the

environment, number 7, is then opened and the pressure of the surrounding environment is

let in.  This is one of only two times throughout the entire process that this valve is ever

opened.  After letting the surrounding air into the system the voltage read on the voltmeter

was 0.2745 V.  Once this reading was taken, the air within the system was vacuumed out.

With the pressure approximately zero the voltmeter read –0.0512 V.  Knowing the fact that

The envelope was folded along the dotted
lines and glued in place with the use of
varnish.
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the relationship between pressure and voltage is linear, an equation was derived that related

the two.

P (kPa) = 15.8772 + 310.1 (V)

Figure II:

B.E.T. Adsorption Apparatus
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The next step was to cool the sample cell to 77K by immersing it in a liquid

nitrogen bath.  Once the cell was cooled, valves 1, 2, 3, 5, 6, and 7 were all closed, while

valves 4 and 8 were left open.  Valve 5 was then slightly opened and then closed to let a

small amount of argon gas into the area between valves 1 and 2.  Valve 2 was then opened

until approximately 60 p.s.i. had been read by the voltmeter.  Through the previously shown

equation, 60 p.s.i. converted to approximately –25 mV.  Once that had been accomplished

valve 3 was opened and the gas was allowed to enter into the sample cell.

After approximately five minutes, a monolayer of the gas used should have formed

on the surface of the sinter.  The cell is then removed from the liquid nitrogen bath and left

to warm up to room temperature.  The warming of the cell causes the gas in the cell to

expand.  The expanding gas then causes an increase in the pressure within the apparatus.

This pressure is then measured via the pressure transducer and voltmeter, then recorded.

The results can be seen below in table II.

Table II:

Argon Gas Initial Pressure (kPa) Second Pressure (kPa) Final Pressure (kPa)

Trial One 7.73 4.4004 6.245

Trial Two 8.044 4.55 6.503

Helium Gas Initial Pressure (kPa) Second Pressure (kPa) Final Pressure (kPa)

Trial One 7.78 4.726 6.382

Trial Two 7.727 4.7043 6.31992
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Surface Area Calculation:

To determine the surface area of the sinter constructed two things were needed.

First of all the volume of the sample cell was needed.  Second of all the calculated pressure

of a known volume of gas would also be needed.   Referring back to figure II, the empty

cylinder has a known volume of 24.6 cm3.  Therefore the cylinder would be kept vacuumed

while the rest of the system would be left open to the environment.  Once the pressure has

stabilized valves 1,2, and 7 are closed.  Then valve 8, which has a volume of 24.6 cm3  is

opened and the gas is allowed to flow into the empty cylinder.  The pressure should drop

slightly which would give you two pressure values.  The first being the pressure of the

environment  and the second being the pressure obtained once gas was allowed to flow into

the empty cylinder.  Now it is possible to obtain the volume of the test cell.  This volume is

obtained by using the following equation, as pointed out by 1Schuberth (private

communication):

 (24.6 cm3 )(Pinitial) = (Pfinal)( 24.6 cm3 + x) (x being the volume of the sample cell)

Once the volume of the sample cell has been determined it can be applied to determine the

surface area of the sinter through the following equation, as pointed out by 1Schuberth

(private communication):

A(m2) = (µmµmµmµmVsample )(P
 
warm / standard pressure)(1.03 – [P cold Ar / P warm Ar])(4.89)
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Conclusion:

The construction of the heat exchanger cell was completed.  As stated earlier the

sinter was constructed with copper powder and baked to give it a “spongy”  texture.  The

heater was for the cell was constructed out of Stycast 1266 and wrapped with a Pt-W alloy

wire.

These two components along with a carbon resistor make up the heat exchanger cell

that was constructed.  Its effectiveness will soon be tested as it will be mounted on a low

temperature cryostat.  If successful it will aid in lowering the Kapitza resistance, or the low

temperature thermal resistance between materials under study.

Toward the end of the project a second cell, identical to the first, was constructed.

With this cell it is planned that C60, otherwise known as buckyballs, will be deposited on

the surface of the sinter.  This cell will also be mounted on the cryostat and the

effectiveness of this method will also be tested.
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