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Primary Standards Selection Guide SPRTs Model 5681



RTPW



Range



25.5 Ω



–200 °C to 670 °C



Page 8



5683



25.5 Ω



–200 °C to 480 °C



5684



0.25 Ω



0 °C to 1070 °C



5685



2.5 Ω



5698



25.5 Ω



0 °C to 1070 °C –200 °C to 670 °C



5699



25.5 Ω



–200 °C to 670 °C



11



5686



25.5 Ω



12



5695



25.5 Ω



–260 °C to 232 °C –200 °C to 500 °C



10



Fixed-point cells Model 5901A-G 5901A-Q 5901C-G 5901C-Q 5901D-G 5901D-Q 5901B-G 5900 5904 5905 5906 5907 5908 5909 5924 5925 5926 5927A 5928 5929 5943 5901B 5914A 5915A 5916A 5917A 5918A 5919A 5944 5945 5946 5947
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Description TPW Cell, 12 mm ID with handle, glass shell TPW Cell, 12 mm ID with handle, quartz shell TPW Cell, 13.6 mm ID with handle, glass shell TPW Cell, 14.4 mm ID with handle, quartz shell TPW Cell, 12 mm ID, glass shell TPW Cell, 12 mm ID, quartz shell TPW Cell, mini, glass shell TP Mercury, SST Freezing Point of Indium Freezing Point of Tin Freezing Point of Zinc Freezing Point of Aluminum Freezing Point of Silver Freezing Point of Copper Open Freezing Point of Indium Open Freezing Point of Tin Open Freezing Point of Zinc Open Freezing Point of Aluminum Open Freezing Point of Silver Open Freezing Point of Copper Melting Point of Gallium, SST Mini Triple Point of Water Mini Freezing Point of Indium Mini Freezing Point of Tin Mini Freezing Point of Zinc Mini Freezing Point of Aluminum Mini Freezing Point of Silver Mini Freezing Point of Copper Mini Freezing Point of Indium Mini Freezing Point of Tin Mini Freezing Point of Zinc Mini Freezing Point of Aluminum



Temperature 0.01 °C 0.01 °C 0.01 °C 0.01 °C 0.01 °C 0.01 °C 0.01 °C –38.8344 °C 156.5985 °C 231.928 °C 419.527 °C 660.323 °C 961.78 °C 1084.62 °C 156.5985 °C 231.928 °C 419.527 °C 660.323 °C 961.78 °C 1084.62 °C 29.7646 °C 0.01 °C 156.5985 °C 231.928 °C 419.527 °C 660.323 °C 961.78 °C 1084.62 °C 156.5985 °C 231.928 °C 419.527 °C 660.323 °C



Page 14



21



28
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Apparatus Model 7012



Features/Use



7037



Maintains: triple point of water and gallium cells. Comparisons: –40 °C to 110 °C. Maintains: two TPW cells. Compact size, runs quietly. Comparisons: –5 °C to 110 °C. Maintains: triple point of mercury cell. Comparisons: –45 °C to 150 °C.



7312 7341 9210 9230 9260



Page 102



Maintains: triple point of water and gallium cells. Comparisons: –10 °C to 110 °C.



17 94 30



Maintains: mini triple point of water and mini gallium cells. Comparisons: –10 °C to 125 °C. Maintains: stainless steel gallium cell. Comparisons: 15 °C to 35 °C. Maintains: indium, tin, zinc, and aluminum cells. Comparisons: 50 °C to 680 °C.



31 32



9114



Maintains: indium, tin, zinc, and aluminum cells. Comparisons: 100 °C to 680 °C.



26



9115



Maintains: aluminum and silver cells. Comparisons: 550 °C to 1000 °C.



9116



Maintains: aluminum, silver, gold, and copper cells. Comparisons: 400 °C to 1100 °C.



9117



Anneals SPRTs, HTPRTs, and thermocouples to 1100 °C. Protects them against contamination from metal ions.



13



Boiling point of liquid nitrogen 7196



Affordable substitute for a triple point of argon system. Provides for low-temperature comparison calibrations at approximately –196 °C with uncertainties of 2 mK.



33



Resistance bridge 5581 1590



0.1 ppm accuracy for calibration of standard resistors and SPRTs. 13:1 measurement ratio allows resolution to 0.001 mK. 1 ppm accuracy for calibration of SPRTs and thermistors.



18 38



Standard resistors 742A 5430



Excellent performance without oil or air baths. Values from 10 ohm to 100 megohm. Highest stability oil-filled resistors (< 2 ppm/year drift). AC cal uncertainty to 3 ppm.



34 35
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Why buy primary standards from Hart? Setting up a primary temperature standards lab is no small project. Decisions must be made about temperature range, uncertainty requirements, the types of standards you need, and the companies that can supply your standards. Whose products are reliable? Which company backs up its performance claims? Who provides after-sale support and training? Who really demonstrates the most integrity throughout your ownership experience? After all, substantial investments are being made, and in many cases the credibility of your lab can be affected by the outcome. So why does Hart Scientific claim to be the world’s best supplier of primary temperature standards? Because our products have been tested over and over again by national labs around the world and proven to outperform their specs. Because the people who design and build primary temperature standards at Hart have been designing and building primary temperature standards longer than any other supplier in the world. We not only manufacture primary standards, we perform basic research and innovate with new primary standards designs. No one else offers the high-quality training and postsale support that we do. No one!



Metal fixed-point cells For realizing the ITS-90 temperature scale, Hart’s metal fixed-point cells provide performance you can trust, and we supply the data with each cell to prove it. Hart’s fixed-point cells benefit from more than 20 years of experience in research, design, and manufacturing. Three types of cells are available: traditional size cells, “mini” quartz cells, and new “mini” metalcased cells. All three provide outstanding performance. Each Hart cell is carefully assembled, tested, and supplied with an assay of metal-sample purity. Every traditionalsize cell further undergoes more rigorous testing to a CCT-based procedure in our NVLAP-accredited lab, where we realize at least three freezing curves and perform a detailed “slope analysis” to confirm cell purity. If you’d like this more thorough “slope analysis” for a “mini” quartz cell or new “mini” metal-cased cell, we offer that as an option. And if you still want more, we can also supply comparison data with our own reference cells that have been independently tested at NIST. No other commercial company has as much experience in the development of fixed-point cells as Hart does. Hart’s own Xumo Li was a key contributor to the development of the ITS-90 scale. That’s one reason you’ll find Hart cells in many of 6 Primary Standards



the national metrology institutes around the world.



Water triple point cells Like our metal fixed-point cells, Hart’s triple point of water cells come in traditional and “mini” quartz sizes, as well as small stainless steel, which can be realized in a dry-well calibrator. Our traditional cells have been tested at NIST (see chart on facing page) and are within a few micro-kelvin of NIST’s cells. If you’re new to primary temperature standards and are considering a water triple point cell, one of our cells is sure to meet your requirements. We offer training through our seminars, insurance for our glass cells, and our stainless steel cell just can’t be broken!



Maintenance apparatus Maintaining fixed-point cells requires high-stability apparatus with tight gradient control so plateaus last longer and your work is more productive. Every Hart maintenance apparatus, including our metrology furnaces and fluid baths, uses



temperature controllers designed and manufactured by Hart. These controllers are widely recognized for their unmatched stability and uniformity control. For metal fixed-point cells, choose from one-zone, three-zone, or heat-pipe furnaces for regular or mini cells. Optional equilibration blocks fit into the furnaces for annealing and comparison calibrations. Don’t let the competition try to tell you that a furnace fitted with process controllers can provide the same performance as a furnace fitted with controllers designed specifically for high-stability temperature control. With a Hart furnace you’ll get longer cell plateaus with smaller gradients than you will from any other furnace on the market.



SPRTs SPRTs are the only acceptable ITS-90 interpolation devices from the triple point of hydrogen (13.8033 K) to the freezing point of silver (961.78 °C). While most SPRT manufacturers lost their design capabilities years ago, Hart continues to



Why buy primary standards from Hart?



Thermometry Traditionally, SPRT measurements have been made using expensive, difficult-touse bridges. If you need 1 ppm accuracy, there’s nothing that provides a better price/performance ratio than Hart’s 1590 Super-Thermometer. The 1590 SuperThermometer provides bridge accuracy at a fraction of the cost and provides a multitude of features that improve your productivity. With a Super-Thermometer, there is virtually no learning curve. It’s so easy to use that you’ll be making measurements within minutes after switching it on. If you truly need 0.1 ppm performance, the 5581 MIL Bridge offers conventional DC measurement for a wide range. It’s perfect for temperature metrology work and for labs looking to combine temperature with electrical resistance standards.



Training Once you’ve determined which primary standards products you need and you’ve made a major investment, what about training and after-sales support? Hart’s temperature school offers a fun and unique seminar that provides all the answers to your toughest questions. Our



Comparison of Hart TPW Cells with NIST TPW Cell s/n A-13-1286 NIST Cell 3 is used as a check and NIST Cell 4 is used as a reference 0.03



{R [cell X] / R [cell 4(1)] - 1} (d T /dW ) / mK



develop new innovative designs with the lowest drift rates. Hart manufactures quartz SPRTs in four different temperature ranges, including capsule SPRTs for low temperatures, an ultra-stable SPRT for the range to 480 °C, and a new “working-standard” SPRT for the range to 660 °C. Our metal-sheath SPRTs include a 25.5-ohm, contamination-resistant SPRT. Hart SPRTs are the standards of choice for many national metrology institutes around the world.



0.02



0.01



Hart TPW Cell s/n 5901A-7-1022 Hart TPW Cell s/n 5901A-7-1024



0.00



NIST TPW Cell 3 A-13-1291 -0.01



NIST TPW Cell 4 A-13-1286



-0.02



-0.03 0



1



2



3



4



5



6



days of measurements



2½-day “Realizing and Approximating ITS-90” seminar provides all the theory and some first-rate practical, hands-on experience to get you started. You’ll learn some key temperature theory from former national lab scientists and take part in practical experiments with our lab staff. If you want more, talk to us about individual ITS-90 training, where you can work alongside our cal lab staff in Hart’s primary standards lab, performing practical realizations on the cells that you just purchased. We’ve been making and using primary temperature standards for many years, and we understand the issues you face in your lab. Our own lab is accredited (NVLAP lab code 200348-0) and our uncertainties are among the best in the world. When you buy primary standards, don’t compromise the quality of the products, the reputation of your supplier, or the level of service and training they can provide.



Mingjian Zhao, Hart’s director of Primary Standards Engineering.
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Quartz-Sheath SPRTs



●



Drift rates as low as 0.0005 K



●



Proprietary gas mixture ensures high stability



●



Most experienced SPRT design team in the business



Choosing the right platinum thermometer as your primary standard may be the most critical purchase decision in your lab. Unfortunately, other manufacturers are pretty secretive about how their SPRTs are made. They won’t tell you much more than you can already see by looking at one. Many of the leaders of a few decades ago have lost their original craftsmen and design scientists. Hart Scientific has one of only a few active SPRT design groups in the world today. So how do you know you’re making the best purchase? Self-proclaimed expertise shouldn’t convince you. You should expect some sound evidence that the company is qualified in the ongoing science of SPRT development. At Hart, we’ll tell you how we make an SPRT. We’ll let you talk to the people here who design, build, and calibrate SPRTs. Finally, when you buy one, if you don’t like it, we’ll take it back and return your money. Hart has four quartz-sheath SPRTs, covering the ITS-90 range of –200 °C to 1070 °C. The 5681 is used from –200 °C to the aluminum point at 660.323 °C. The 5683 is used from –200 °C to 480 °C with greater long term stability. The 5684 and the 5685 cover higher temperatures up to
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1070 °C and can be calibrated at the silver point. Yes, they have all the features you would expect in a world-class SPRT. They have gold-plated spade lugs, a strain-relieved four-wire cable, convection prevention disks, the finest quartz glass available, delustered stems, and the purest platinum wire available. The purity of a thermometer’s platinum wire is critical to meeting ITS-90 requirements. Platinum resistance is measured by the resistance ratio “W” at specified ITS-90 fixed points. Maintaining that purity over the life of the thermometer impacts long-term stability. The quartz glass tube of the SPRT should be properly sealed to prevent contamination of the platinum wire. Others use mechanical assemblies and epoxy seals. These introduce additional materials to the thermometer’s internal environment and can be prone to mechanical failure, risking exposure of the platinum to impurities. Theoretically, the best seal would be a direct seal between the quartz glass and the platinum wire. However, the quartz glass used in thermometer sheaths has a very small coefficient of expansion while platinum has a much larger coefficient of expansion. If you simply sealed the



sheath’s glass to the platinum wire, these different rates of expansion would result in a poor seal as the assembly is exposed to changing temperatures. We’ve figured out a way to match the expansion coefficients of the glass sheath and the platinum wires. We do it by creating a graduating seal that’s made of 18 separate pieces of glass, each with a different coefficient of expansion. The expansion and contraction rate of the innermost piece of glass matches that of the platinum, resulting in an overall seal that prevents gas leakage and impurity penetration for at least 20 years. Fusing each piece of glass to the next is a painstaking process. Sure it costs us extra, but the results are worth it! There’s more! We use only pure quartz glass materials for the cross frames, disks, and tubes. We don’t use mica or ceramic materials. Additionally, we have a special glass-treating process to increase the resistance of the quartz to devitrification and remove more impurities than the typical cleaning process. We’ve done some research to find the best-performing balance of argon to oxygen in the tube. Some oxygen in the sheath is necessary to minimize the danger of the platinum being poisoned by foreign metals at high temperatures, but too much oxygen at temperatures below 500 °C accelerates the oxidation process affecting the integrity of the platinum. We’ve got a balance that provides exactly the right protection for the platinum. Each of these seemingly small things adds up to better uncertainties and less drift.



5681: –200 °C to 670 °C This 25-ohm thermometer is the workhorse of the ITS-90 ranges. It can be calibrated for any of the subranges from the triple point of argon to the freezing point of aluminum. The 5681 meets the ITS-90 requirements for resistance ratios as follows: W(302.9146 K) ≥ 1.11807 and W(234.3156 K) ≤ 0.844235



5683: –200 °C to 480 °C While SPRTs traditionally cover temperatures to the aluminum point (660 °C), most measurements occur between –100 °C and 420 °C. The 5683 SPRT covers this range and more, from –200 °C to 480 °C, and does so with long-term stabilities that extended range SPRTs can’t match. Typical drift is less than 0.5 mK after 100 hours at 480 °C.



Quartz-Sheath SPRTs Specifications



5681



Temperature Range



–200 °C to 670 °C



5683



5684



5685



–200 °C to 480 °C



0 °C to 1070 °C



0 °C to 1070 °C



Nominal RTPW



25.5Ω



0.25Ω



2.5Ω



Current



1 mA



10 mA



3 or 5 mA



W(302.9146 K) ≥ 1.11807 and W(234.3156 K) ≤ 0.844235



Resistance Ratio Sensitivity



W(302.9146 K) ≥ 1.11807 and W(1234.93 K) ≥ 4.2844



0.1Ω/ °C < 0.002 °C/100 hours at 661 °C (typically < 0.001 °C)



Drift Rate



0.001Ω/ °C



< 0.001 °C/100 hours at 480 °C (0.0005 °C typical)



< 0.002 °C under 1 mA current



Self-heating at TPW Reproducibility RTPW drift after Thermal Cycling



< 0.002 °C under 10 mA current



±0.00075 °C or better



±0.0015 °C or better



< 0.00075 °C



< 0.0005 °C



< 0.001 °C



Diameter of Sensor Pt Wire



Quartz glass cross



Quartz glass strip with notches



Quartz glass cross



0.07 mm (0.003 in)



0.4 mm (0.016 in)



0.2 mm (0.008 in)



Quartz glass, Diameter: 7 mm (0.28 in), Length: 520 mm (20.5 in)



5684 and 5685: 0 °C to 1070 °C



Quartz glass, Diameter: 7 mm (0.28 in), Length: 680 mm (26.8 in)



W(1234.93 K) ≥ 4.2844



ITS-90 extended the use of the platinum thermometer from 630 °C to 962 °C. The 0.25-ohm HTPRT sensor uses a stripshaped support made from high-purity quartz glass. The 2.5-ohm model uses a quartz glass cross frame. Stability after thermal cycling is excellent, and the design is reasonably tolerant of vibration. Choose from 0.25-ohm or 2.5-ohm nominal RTPW values. In addition to meeting the resistance ratio requirements shown above, these thermometers meet the following additional criterion:



After all, this really is about W! Ordering Information 5681-S SPRT 25.5Ω, 670 °C† 5683-S SPRT 25.5Ω, 480 °C†, Ultrastable 5684-S SPRT 0.25Ω, 1070 °C† 5685-S SPRT 2.5Ω, 1070 °C† †



Maple carrying case included See page 164 for SPRT calibration options.



25.52160 25.52155 25.52150



Rtp (ohms)



25.52145 25.52140 25.52135 25.52130 25.52125 0.5 mK



25.52120 25.52115



At 675 °C



At 720 °C



At 250 °C



At 450 °C



At 675 °C



25.52110 0



250



< 0.002 °C under 3 mA current



±0.001 °C or better



Sensor Support



Protective Sheath



0.01Ω/ °C



< 0.003 °C/100 hours at 1070 °C (typically < 0.001 °C)



500



750



1000



1250



Total Heated Time at Different Temperatures (hours)



Not all platinum is the same Platinum resistance thermometers (PRTs) are made from a variety of platinum sensor wire. The differences in the wire affect the thermometers’ performance. The two most important variations are purity and thickness. According to IPTS-68 requirements, platinum purity was measured by its “alpha,” or average change of resistance per degree. Alpha 0.00385 was common for industrial thermometers, and alpha 0.003925 was common for SPRTs. ITS-90, in contrast, measures platinum quality with ratios (W) of their resistance at certain fixed points (gallium, mercury, and/or silver) to their resistance at the triple point of water (RTPW). Those meeting the ITS-90-specified ratios are considered SPRT quality. The thickness of the platinum wire affects its resistance and is indicated by a nominal resistance value at the triple point of water. The thicker the wire, the lower its nominal resistance. 100 ohms at RTPW is common for industrial sensors, and 25 ohms at RTPW is typical for SPRTs. Which is best for your application? All things equal, lower resistance PRTs are generally more stable because of their thicker sensor wire. However, lowresistance PRTs require higher resolution readout devices to handle the small changes in resistance per degree. The advantages gained by using low-resistance PRTs are not significant in most applications. If they’re needed, however, be sure you have the right device to read them. (See Hart readouts on page 36.)



A typical stability graph of a 5681 SPRT (#71122). Units are calibrated or shipped to customers after about 250 hours of annealing.
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Working Standard SPRT Specifications Temperature Range



–200 °C to 670 °C



Nominal RTPW



25.5Ω (±0.5Ω)



Current



1.0 mA



Resistance Ratios



W(234.315K) ≤ 0.844235 W(302.9146K) ≥ 1.11807



Sensitivity



0.1Ω/ °C



Drift Rate



< 0.006 °C/100 hours at max temperature (typically < 0.003 °C)



Self-heating at < 0.002 °C under 1 mA TPW current Reproducibility ±0.0015 °C or better



●



Fully conforms to ITS-90 SPRT guidelines



●



Drift rate typically less than 0.003 °C



●



Multiple calibration options by fixed point



●



Unmatched performance-to-price-ratio



SPRTs. Art or science? It takes, in fact, quite a bit of both. The one thing not involved is mystery. That’s why Hart SPRTs always include detailed published specifications, including drift rates. Our newest SPRT is no exception. It was designed by the same Hart metrologists who have created a dozen different SPRT designs used in national labs around the world. And it performs just like we say it does. The 5698 Working Standard SPRT is a true SPRT. It meets the ITS-90 ratio requirements for SPRTs and includes a Hart-designed, completely strain-free platinum sensor. With a 485-mm quartz sheath, this 25-ohm SPRT covers a temperature range from –200 °C to 670 °C. Long-term drift, which we define as the change in output resistance at the triple point of water after 100 hours at 670 °C, is (after converting to temperature) less than 6 mK—typically less than 3 mK. The 5698 is the perfect companion to a Hart Super-Thermometer such as the 1590, which reads 25-ohm SPRTs to within 1 mK at 0 °C and includes a number of convenient features for working with SPRTs. Requiring 1 mA of excitation current, the 5698 can also be used easily with a Hart Black Stack, or even a ChubE4 Thermometer. If you need your SPRT calibrated by a reputable calibration lab, we offer appropriate calibration options by fixed-point in our NVLAP-accredited lab. Our calibration prices are as reasonable as our



10 Primary Standards



instrument prices, so you get maximum value from your SPRT. Why buy critical temperature standards from companies unwilling to publish complete specifications? At Hart, we not only provide excellent post-purchase support so you have the best possible ownership experience, we also provide you all the information we can before you purchase—including detailed performance specifications. Maybe there is some art mixed with our science. But that doesn’t mean we keep secrets. Trust your lab standards to Hart Scientific.



RTPW Drift After < 0.001 °C Thermal Cycling Diameter of Pt Sensor Wire



0.07 mm (0.003 in)



Protective Sheath



Quartz Glass Diameter: 7 mm (0.28 in) Length: 485 mm (19.1 in)



Lead Wires



Four sensor wires



Ordering Information 5698-25 25Ω Working Standard SPRT† † Maple carrying case included See page 164 for SPRT calibration options.



Extended Range Metal-Sheath SPRT At Hart, we use SPRTs every day. We design them, build them, calibrate them, use them as standards, and know what it takes to make a reliably performing instrument. Why buy from anyone else? Specifications Temperature Range



–200 °C to 670 °C



Nominal RTPW



25.5Ω (±0.5Ω)



Current



1 mA



Resistance Ratio



W(302.9146K) ≥ 1.11807 W(234.3156K) ≤ 0.844235



Sensitivity



0.1Ω/ °C



Drift Rate



< 0.008 °C/year (< 0.003 °C/year typical)



Repeatability



< 1 mK



Self-heating at < 0.001 °C under 1 mA TPW current ●



Measures temperatures as high as 670 °C



Reproducibility ±0.001 °C or better



●



Inconel and platinum sheaths guard against contamination



●



Less than 8 mK/year drift



RTPW Drift After < 0.001 °C Thermal Cycling



●



Fifth wire provides shielded ground



SPRTs designed by Hart Scientific are known for their outstanding reliability and minimal long-term drift. They have been calibrated by national (and other primary) laboratories and proven repeatedly to outperform competitive models. Now Hart’s 5699 Extended Range MetalSheath SPRT combines all the advantages of a Hart-designed sensor with the protective sheathing materials that allow your SPRT to be used in virtually any furnace or bath with temperatures as high as 670 °C. Designed and manufactured by our primary standards metrologists, the strain-free sensing element in the 5699 meets all ITS-90 requirements for SPRTs and minimizes long-term drift. After one year of regular usage, drift is less than 0.008 °C (< 0.003 °C is typical). Even lower drift rates are possible depending on care and handling. A fifth wire for grounding is added to the fourwire sensor to help reduce electrical noise, particularly for AC measurements. Finally, you can get an improved version of an old industry-standard Inconelsheathed SPRT. The 5699 is constructed with a 0.219inch-diameter Inconel sheath for high durability and fast response times. Inside the sheath, the sensing element is protected by a thin platinum housing that shields the sensor from contamination from free-floating metal ions found within



metal environments at high temperatures. Reduced contamination means a low drift rate—even after hours of use in metalblock furnaces at high temperatures. If you choose not to calibrate the 5699 yourself, a wide variety of options is conveniently available from Hart’s own primary standards laboratory, including fixed-point calibrations covering any range between –200 °C and 661 °C.



Diameter of Pt Sensor Wire



0.07 mm (0.003 in)



Lead Wires



Four sensor wires plus grounding wire



Protective Sheath



Inconel Diameter: 5.56 mm ±0.13 mm (0.219 in ±0.005 in) Length: 482 mm (19 in)



Insulation Resistance



> 100 MΩ at 661 °C > 1000 MΩ at 20 °C



Ordering Information



Maximize your SPRT’s performance Amazingly high accuracies can be obtained from a good SPRT if it is handled correctly. Expanded uncertainties as low as a few tenths of a millikelvin at 0 °C are possible provided you do the following: ●



●



●



Extended Range Metal-Sheath SPRT† † Maple carrying case included See page 164 for SPRT calibration options. See page 36 for optional readouts. 5699-S



Avoid physical shock or vibration to your SPRT. An SPRT is a delicate instrument, highly susceptible to mishandling. Make a measurement at the triple point of water after each measurement. Use the resistance ratio (W) rather than the absolute resistance to calculate the temperature. Measure at two different input currents and extrapolate the results to determine the value at zero power. This will eliminate the oftenignored effects of self-heating.
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Glass Capsule SPRTs Specifications Temperature Range



5686: –260 °C to 232 °C (13K to 505K) 5695: –200 °C to 500 °C (73K to 773K)



Nominal RTPW



25.5Ω



Resistance Ratio



W(302.9146K) ≥ 1.11807 W(234.3156K) ≤ 0.844235



Drift Rate



5686: < 0.005 °C per year over the entire range 5695: < 0.01 °C per year over the entire range; typically 0.001 °C per year over a range of 100 °C



Self-heating at < 0.002 °C under 1 mA TPW current Reproducibility ±0.001 °C or better RTPW Drift After < 0.001 °C Thermal Cycling



●



Temperatures from –260 °C (13K) to 500 °C



●



Stability typically 0.001 °C over a 100 °C range



●



Miniature capsule package eliminates stem conduction



Sometimes you would like to make SPRT measurements but traditional SPRTs are too long or awkward for a particular application. Hart Scientific makes two versions of our miniature glass capsule SPRTs, which are perfect for cryogenics, calorimetry, and other metrology work requiring small SPRTs. Both models are true SPRTs. The highpurity platinum wire is hand-wound on a glass cross frame in a strain-free design. The glass capsule is designed to match the thermal expansion of the platinum wire to ensure a true seal at all operating temperatures. The capsules are pressure sealed and come protected in their own maple cases. Both models comply completely with ITS-90 requirements for platinum purity including the following resistance ratio:



Glass Sheath



Platinum Helix
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W(302.9146K) ≥ 1.11807 and W(234.3156K) ≤ 0.844235 The 5686 covers temperatures from –260 °C to 232 °C, so it’s perfect for cryogenic applications. It is 5.8 mm (.23 inches) in diameter and 56 mm (2.2 inches) long. The 5695 is designed for high-temperature applications requiring a small SPRT. Its unmatched range is from –200 °C to 500 °C and its size is 5.2 mm (0.2 inches) by 68 mm (2.7 inches). These SPRTs are small but meet customary SPRT performance for reproducibility, reliability, and stability. They solve many of the problems associated with taking precision measurements in situations unsuitable for traditionallength SPRTs. These are excellent calibration instruments.



Sensor Support



Glass-Platinum Seal



Platinum Lead Wires



Filling Gas



5686: helium 5695: argon and oxygen



Lead Wires



Four platinum wires, 30 mm long (1.18 in)



Size



5686: 5.8 mm dia. x 56 mm long (0.23 x 2.2 in) 5695: 5.2 (±0.4) mm dia. x 68 mm long (0.2 [±0.016 in] x 2.7 in)



Ordering Information 5686-B Glass Capsule SPRT, –260 °C to 232 °C† 5695-B Glass Capsule SPRT, –200 °C to 500 °C† † Maple carrying case included See page 164 for SPRT calibration options.



Annealing Furnace As a manufacturer of SPRTs, Hart metrologists understand every aspect of SPRT use and calibration procedures, including the annealing process. We use this furnace in our own lab, so we know exactly how well it works. Specifications Temperature Range



300 °C to 1100 °C



Stability



±0.5 °C



Uniformity



±0.5 °C at 670 °C (over bottom 76 mm [3 in])



Power



230 VAC (±10 %), 50/60 Hz, 12 A, 2500 W



Display Resolution



0.1 °C below 1000 °C 1 °C above 1000 °C



Display Accuracy ±5 °C Thermal Wells



Five: 8 mm diameter x 430 mm long (0.31 x 16.9 in)



Controller



PID, ramp and soak programmable, thermocouple sensor



Over-Temp Protection



Separate circuit protects furnace from exceeding rated temperature limit



Exterior Dimensions (HxWxD)



863 x 343 x 343 mm (34 x 13.5 x 13.5 in)



Weight



28 kg (61 lb.)



Communications RS-232 ●



Ordering Information



Guards against contamination



●



Anneals both SPRTs and HTPRTs



●



Fully programmable



You’ve spent some serious money to equip your lab with some of the finest SPRTs in the world because they’re the most accurate temperature measurement instruments you can buy. Now that you’ve got them, part of your job is to keep them performing at their highest levels. You can do that with a Hart 9117 Annealing Furnace. All HTPRTs and SPRTs are subject to mechanical shock no matter how carefully you handle them. This shock changes the resistance characteristics of the platinum and shows up as temperature measurement errors. Annealing relieves the stress on the platinum sensor caused by mechanical shock and is recommended prior to any calibration of an SPRT. In addition to removing mechanical strain, annealing also removes the oxidation from sensors that have been used for



9117 2129



Annealing Furnace (includes 2129 Alumina Block) Spare Alumina Block, 5 wells



long periods at temperatures between 200 °C and 500 °C. Oxidation impacts the purity of the element and therefore the accuracy of temperature readings. Oxide is easily removed by annealing at 670 °C for one or two hours. During the annealing process, contamination must be controlled. At temperatures above 500 °C, the lattice structure of a quartz sheath is transparent to metal ions. The thermometer must be cleaned and all contaminating materials removed from its sheath. Annealing should only be done in a furnace that’s designed to avoid emitting metal ions during its heating cycle. Hart solves this problem in its 9117 furnace by using an alumina block that is specially designed to guard against contamination. The furnace also has a programmable controller specifically designed for the annealing process. www.hartscientific.com 13



Triple Point of Water Cells cells achieve this temperature with expanded uncertainties of less than 0.0001 °C and reproducibilities within 0.00002 °C. In simple terms, water cells are made from just glass and water, but there’s much more to it than that! For starters, that’s not just any water in there.



Heavy water



●



Easy-to-use, inexpensive standard with uncertainty better than ±0.0001 °C



●



Four sizes and two shells (glass and quartz) to choose from



●



Isotopic composition of Vienna Standard Mean Ocean Water



The triple point of water (TPW) is not only the most accurate and fundamental temperature standard available, it’s also one of the least expensive and simplest to use.



Water cells are essential! Triple point of water cells fill four critical purposes. First, they provide the most reliable way to identify unacceptable thermometer drift between calibrations— including immediately after a calibration if the thermometer has been shipped. Interim checks are critical for maintaining confidence in thermometer readings between calibrations. Second, they provide a critical calibration point with unequaled uncertainties. Third, for users who characterize probes using ratios (that is, they use the ratios of the resistances at various ITS-90 fixed points to the resistance of the 14 Primary Standards



thermometer at the triple point of water, indicated by “W”), interim checks at the triple point of water allow for quick and easy updates to the characterizations of critical thermometer standards, which can be used to extend calibration intervals. And lastly, the triple point of water is where the practical temperature scale (ITS-90) and the thermodynamic temperature scale meet, since the triple point of water is assigned the value 273.16 K (0.01 °C) by the ITS-90 and the Kelvin is defined as 1/273.16 of the thermodynamic temperature of the triple point of water. Good triple point of water cells contain only pure water and pure water vapor. (There is almost no residual air left in them.) When a portion of the water is frozen correctly and water coexists within the cell in its three phases, the “triple point of water” is realized. Hart water



Hart cells contain carefully and repetitively distilled ocean water and are meticulously evacuated and sealed to maintain an isotopic composition nearly identical to the international standard, “Vienna Standard Mean Ocean Water,” or “VSMOW.” The oxygen atoms found in most water are predominantly comprised of eight protons and eight neutrons (16O). Some oxygen atoms, however, have an extra neutron (17O) or two (18O). Similarly, the hydrogen atoms in water normally contain only a single proton (1H), but sometimes contain a neutron also (2H), resulting in “heavy” water. These isotopes coexist in varying proportions in ocean water, polar water, and continental water, with ocean water being the heaviest. The ITS-90 recommends that water cells be made from water with “substantially the isotopic composition of ocean water.” Research has shown that TPW errors associated with isotopic composition can be as large as 0.00025 °C. The uncertainty contribution due to the effect of deviation from VSMOW in Hart cells is less than ± 0.000007 °C. That’s seven microkelvin! Hart offers two options for verifying the isotopic composition of any purchased water cell, both at nominal costs. We can submit a sample of water taken from your own cell to a testing laboratory (after it was completely manufactured, so you get a valid comparison) and give you the test report. Or, we can send that water sample to you in a sealed ampoule for you to conduct your own tests. We can even provide multiple samples from the same cell (virtually as many as you’d like) so you can check for changes over time.



Impurities Further, the potential for errors due to water impurity is even greater than the errors from isotopic composition. Hart cells undergo multiple distillation processes and utilize special techniques to retain water purity. Among other things, our primary standards scientists are able to connect quartz cells directly to the glass distillation system without using



Triple Point of Water Cells coupling hardware that may invite contamination.



Glass vs. quartz Most Hart water cells may either be purchased with borosilicate glass or with fused silica (“quartz”) housings. What’s the difference? Glass is less expensive than quartz, but it’s also more porous, allowing impurities to pass through it over time. Research indicates that glass cells generally drift about 0.000006 °C per year while quartz cells drift less.



Many sizes Hart cells come in four general sizes. Models 5901A, 5901C, and 5901D each come in either quartz or glass shells and include 265 mm of thermometer immersion depth. The primary difference between these models (other than the arm on the 5901A) is the inside diameter of the probe well. (See chart on page 16 and note that the inside diameter of the 5901C cells varies with the shell material). A variety of baths is available, which can maintain the triple point within these cells for many weeks. Accredited (NVLAP) test certificates are available with any cell under our Model 1904-TPW. 5901A cells include an arm that can be used as a handle, a hook, or a McLeod gauge to demonstrate how much residual air is trapped in the cell. Carefully developed manufacturing processes at Hart keep the air bubble in a quartz cell as small as the air bubble in glass cells. A fourth size, the 5901B cell, comes in a glass version and is significantly smaller than the other cells. It is designed for use in our Model 9210 Maintenance



The 2028 Dewar has inside dimensions of 20 cm by 50 cm (7.75 in x 19.5 in), and outside dimensions of 25 cm by 61 cm ( 9.75 in x 24 in).



Apparatus, which automates the realization and maintenance of the TPW. The 9210-5901B combination is perfect for both calibrating thermometers and providing periodic checks of sensor drift.



Ordering Information 5901A-G 5901A-Q



Accessories



5901C-G



For simplest realization of the TPW in our larger cells, the Model 2031 “Quick Stick” Immersion Freezer uses dry ice and alcohol to facilitate rapid formation of an ice mantle within the cell without requiring constant intervention while the mantle forms. For best results, use a 3901 bushing with your triple point of water cell. A bushing is used to improve the thermal contact between your SPRT and the ice mantle of your water triple point cell. Be sure to choose a bushing that matches the inner diameter of the reentrant well of the cell and the outer diameter of the SPRT. Additionally, a small piece of foam ( 
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