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Abstract: Several metals systems were reviewed for their potential to act as 
resistive temperature devices for downhole, geothermal application. Platinum metal 
was selected as the metal of choice. Platinum was plated onto 5 mil cepper wire, and 
then subsequently coated with AccusoI’s proprietary ceramic coating. The copper 
was etched out in an attempt to make a pure platinum, high resistance, resistive- 
temperature device. The platinum plating on the wire cracked during processing, 
resulting in a discontinuous layer of platinum, and the element could not be formed 
in this way. 

Project Goal 

Accusol proposed to develop a new type of sensor for measwhg the temperature of gas 
as deep as 15000 feet below the earth’s surhce using a resistive temperature device. The 
proposal was to make a resktbe wire element, coated with Accusol’s proprietary ceramic 
coating, and then diibrate this wire as the resistive device. Because the wire would be 
coated with ceramic, the potential long term stability of the element would be ensured, 
relative to po-r coated wires, fbr example, which could not stand the application 
temperatures, of up to 350°C for thousands of hours of continuous operation. Also, 
Accusol’s coating technology allows ceramic coating as thin as 2 mils, which makes the 
sensitivity and response time for the temperature sense element fkvorable. 

of Approach 

A large number of alloys were investigated to choose one with appropriate temperature 
resistance properties. A number of custom Wire fkbricators were also contacted to inquire 
about having wire 
platinum. Platinumhas llent linear dependence of resistance on temperature, and 
is nominally 10 times the bulk resistivity of copper.’ In order for the platinum element to 
have a very high absolute resistance, however, it needs to be very thin. So, it was 
decided U t  platinum could be plated onto a very thin copper wire substrate (5 mils 
diameter). Then, the platinum plated copper Wire would be coated with ceramic, formed 
into a sense element, and fired. Then, electrical connecfion to the platinum surfke would 
be made, and the copper substrate could be et 
sensing element would be connected to the end 

chosen alloy. The best candidate identified was 

1 
(630) 252-2308 
E-mail aaniei.park@ch.doe.gov 
Office of Intellectual PropeT.Law 
DOE Chicago Operations 0 Ice 

mailto:aaniei.park@ch.doe.gov


~ Tbis report vas prepared as an rccouIIt of work rpoasorcd by an agency of the 
U D M  States ciovcrnment Nuther the United States Government nor any agency 
thereef, nor any of tbur cmployres, makes my warranty, exprcss or implied, ot 
rssomb ai~y regal liabiity or rrtpoasibility for the 8ceuIacy. c o m p l e t e n ~  or use- 
fulness of MY information, rpparatw product, or proass d&~& or rrprcseatt 
that its use would not infringe p h t d y  owned righu. Rcfercacc herein to my opt- 
dfac commcrdal product. procets, or smicc by trade name, trademark, manufac- 
tom, or otherwise docs not ntcttsady tollstitutc or imply its cadonemwt, m m -  
mead;rtioa or favoring by the United SFtes Government or any agency thmof. 
The views and opin;ons of authors expressed hmin do not n d y  state or 
reflect tbose of tbe United States Govcrpmcat or any agency thereof. 



. .  

DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



long as 15,000 feet, which would have its own resistance, on the order of 1 to lok-ohm. 
The resistance of the temperature sense element would have to be high enough that the 
relative resistance of the lead cables was significantly smaller than the resistive element 
itsell: Figure 1 below shows the schematic of the proposed sensor system. 
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Downhole RTD 
Figure 1. Downhole RTD is much higher resistawe than electrical leads 1 and 2, R2, 
thus req- only 2 wires. R1 is in series with RTD but is on the surface, adjacent to 
current source. 

The following simple calculation shows the relationship between the resistance value of 
the Downhole RTD and R1. The value, R2, is the resistance value of the downhole leads, 

RTD is easily d e t d e d  by atwo-wire system. 
labeled 1 and 2 in Fignre 1. Since Vi, i, and Ri all~&.known, -the resistance OF:. 

VI = iR, + i(RTD) + iR, 

:. RTD = 7- (R, - R,) Vl 
1 

If Rl >> Rz, then, 

i 
v, RTD= - - R ,  

If the resistan- of the lead wires, numbered 1 and 2 m Figure 1, is called R2, 
then this calculation assumes 
reason that this super RTD is 
made of copper, and can never be much greater resistance than Ra. in practice. The only 
way that the copper RTD could be much higher in resistance than Ra. is ifthe RTD itself 
were physically very large. The goal of this work was to choose a metal other than 
copper, so that the RTD could be made quite compact, and still be very sensitive and 

R P R 2  and that RTD >> Rz. This point is the main 
r to conventional RTDs. Conventional RTDs are 

- 

' 

accurate 

2 



Phase I Successes 
In the Phase I activity of this project, Accusol identified that the best metal system fiom 
which to hbricate a resistive temperature device is platinum. Platinum has a very highly 
hear temperature versus resistance curve in the range of interest, 0°C to 325°C. Because 
the resistance of the platinum is nominally 10 times that of copper m the same 
temperature range, an approach to use an exceedingly thin layer of platinum 8s the 
resistive element was attempted. In this way, the actual sensing element, a very thin 
platinum, would have a net electrical reskthity much higher than 15000 €ket of 16 gauge 
copper wire. The two major components of the program, then, became, successllly 
plating platinum onto a copper substrate, and then hbrication of that into a temperature 
sensing element. 

Piatinum-plated wire 

Over 500 alloys were evaluated based on existing literature, and the linearity ofplatinum 
metal was seen to have tremendous advantage. Therefore, it was decided that a good 
approach was to electrodeposit very thin platinum onto 5 mil copper wire. 
Subsequently, the platinum-plated copper wire would be coated with the Accusol 
ceramic, and then the copper would be removed electrolytically. Platinum has a higher 
oxidation potential than copper, so this was accomplished in straightforward manner by 
choosing appropriate p o t d  Copper is known to oxidize at 0.34V, but platinum 
oxidizes 1.2V, so it is straight5orwmd to selectively remove the co 

end-on view of platinmplated copper wire, prior to etching away copper. The thin layer 
of platinum is plainly Visl’ble 8s light grey, and the-copper coreis dark .A plathum- 
plating chemistry fiom Technic, Inc. was successfuvry used, but required that we prepare 
a plating bath through which the copper wire could be passed. Platinum was plated at 
90°C, with a residence time of 2 minutes, and potential less that 4.0V, with slight 
agitation of the solution. These are standard parameters, as provided by Technic. 

coreby choosing 
the oxidation potential to be less than 1.2V and greater than 0.34V. ?€=- Figure 2 shows an 

A significant effort was spent on developing the process to plate platinum onto 5 mil 
copper wire. The copper wire was lead by pulleys and smooth Teflon &es under the 
surfhe of the plating solution. It was observed that signiticant fictional drag was placed 
on the wire in this system because the 5 mil wire would occasionally break during the 
plating process as a result of being pulled through a relatively high fiction system. 
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Figure 2. Cross section of 5 mil copper core wire with thin layer of platimrm fiom 
electrodeposition process. The thickness of the platinum is estimated fiom SEM to be 

about 1.5 micron. 

The copper can be selectively removed by adjusting the oxidation potential in a dilute. 
sutfuric acid bath. Figure 2.1 shows a hollow platinum core. And Figure 2.2 shows the 
same core on its edge. From electron microscopy, and viewing “edge on”perspectiveS 
like in Figure 2.2, it is straightforward to determine that the thickness of the platinum 
coating is 1.5 micron. Both Figure 2.1 and Figure.2.2 show how fragile the 
unsupported 1.5 micron film of platinum is. 
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Figure 2.2 Platinum coating, viewed edge on without copper core. 

Temperature Sensing Element Fabrication 

The platinum-plated copper wire can be coated with ceramic to generate a structure 
shown schematically in Figure 3. This represents an element. Ideally, the exposed ends 
of the element can be electrically connected so that the resistance of the element can be 
used to indicate temperature. However, due to the fragility of the very thin film of 
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platinum, xnaking this electrical contact with soldering or welding proved problematic. 
Whereas we were successful in making an electrical connection to the platinum surhx, 
the electrical measurements revealed that the platinum film within the element was 
discontinuous, and therefore, no resistance measurement could be made. The defects in 
the platinum-plating surfke, as shown by SEM, suggest that the process by which the 
copper wire was pulled through the plating bath actually drew the wire slightly, and 
caused the annular cracking on the platinum coating. Figure 2.1 above, and other SEM 
photos strongly suggest this Mure mechanism. SEM data collected at Technic, Inc. also 
strongly suggest that the platinum coating was damaged during wire handling at the 
plating step. 

I I 
I I 

Figure 3. Schematic of desired resistive temperature sense element. Notice that the core 
is hollow because the copper has been removed. The platinum film remains attached to 
the ceramic coating, because the ceramic coating was applied and fired PRIOR to the 

etching of the copper. 

Cross sections of wire and coatings this thin do not reveal much idomtion under 
optical inspection at 20Ox magnification as shown in Figure 4. The platinum and the 
ceramic coating are too thin to be viewed under optical magnification. However, the 
thickness of the Illy fired ceramic coating can be measured easily with digital calipers 
and was shown to be.1 mil thick. Furthermore, the finished, fired wire has a glossy 
appearance, indicating behavior of the ceramic coating. 

. Optical view of cross section at 20Ox of ceramic coated, Pt-plated wire. Not 
much detail is available from optical microscopy because the layers are too thin. 
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In summary, then, the successes of the Phase I program are as follows: 

1. Identitied platinum as metal of choice for resistive temperature element. 
2. Developed a platinum plating process to apply 1.5 micron Pt to 5 mil copper wire 

3. Coated ceramic material onto Pt-plated copper wire. 
4. Removed copper core electrolytically. 
5. Characterized thickness of platinum metallization 

in a continuous process. 

The Mure to make a device resulted h m  the tkct that the plated platinum was not a 
continuous layer. SEM showed a high frequency of annular cracks in the platinum layer 
due to the axial tensile stresses applied to the 5 mil plated copper wire during the plating 
process. This problem could be easily addressed with superior wire handling machinery 
that could advance the wire through a system, while minimi.linp the axial tensile stresses 
that create the cracks m the platinum coating. Therefore, following the etching of the 
copper core to generate the structure shown schematically in Figure 3, the electrical 
continuity through the platinum element was not observed. Indeed, measurement of the 
resistance indicated that the path was electrically open, and not measurable with an 
w e n t  Technology digital mUttimeter, 34401A. 

Conclusion 
The approach taken is technically sound, however, the tools available to Accusal were 
not optimal‘for =hie- a mecbanicaIIy robust sensing element. The 5 rnilcoppex wire 
is substantially delicate that during the process of being drawn through the. platinum- 
plating bath, it stretches slightly, and cracks @e thin, w e  platinum coating. Since 
SEM analysis showed the thickness ofthis platinum coating to be 1.5 microns, any slight 
stretching of the copper would result in platinum cracking. It is likely that with more 
sensitively balanced wire handling equipment, the desired element could be made using 
the general approach ‘descriid here. 

Dyos, G.T., Farrel, T, “Electrical Resist ok” Peter Peregriuus Limited, 
1992. 
* Bard, A.J., Fadkner, L.R, ‘We 
John Wdey & Sons, 1980, page 699. 
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