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MOISTURE ANALYZER 

TECHNICAL FIELD OF THE INVENTION 

This invention pertains to apparatus for determining the actual and proportional 

S amounts of a volatile fluid in a test sample. 

BACKGROUND OF THE INVENIION 

Various devices have been developed for detennining the quantity of a volatile 

fluid present in a test sample of material. As pointed out in U.S. Patent 4,838, 105 which 

10 is assigned to the assignee of the present invention, such determinations are important 

and/or necessary for various reasons including quality control in manufacturing as well 

as compliance with various legal or regulatory requirements. 

One prior technique for determining the quantity of volatile fluid present is 

known as the "loss on drying" technique and is described in my U.S. Patent 4,165,633. 

15 In that technique. a sample under test is heated to evolve the volatile fluid. The sample 

is weighed before, during and after testing to determine the change in weight of the 

sample. Various computational techniques are used to forecast the percentage 

determination based upon the initial weight loss. 

Chemical analysis methods are also used for certain volatile fluids of interest, 

20 such as water, through a process known as the "Karl Fischer analysis." These chemical 

analysis methods rely on the use of reagents which may be toxic. Furtbennore, the 

chemical analysis methods usually require highly skilled operators and time consuming 

analysis. 

In the process which is described in the '705 parent, apparatus is used to collect 

25 and weigh the volatile fluid present within a test sample, More specifically, the test 

sample is heated within a sealed chamber to evolve the volatile fluid. The gaseous fonn 

of the fluid is passed through a collector which is sensitive to the volatile fluid of 

interest. The collector increases weight as the fluid is collected. A weight sensor 

supporting the collector provides data indicative of the initial weight, interim weight 

30 and final weight of the collector during operation of the apparatus. Computational 

circuitry performs various calculations on the data to provide a predictive and actual 

determination of the percent by weight of the volatile fluid ofinterest in the test sample. 
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Each of the prior methods or techniques may be used to detennine the content of 

various volatile fluids in test samples. One of the most common fluids of interest is 

water. Accordingly, the illustrative embodiment of my: invention is directed to a 

moisture analyzer, however, the principles of my invention are applicable to other 

S volatile fluids. 

Other prior patents which are directed to detennining moisture include U.S. 

Patents 5,.433t105; S,343,735; 5,340.541; 5,187,972; 5,274,931; S,253,512; 5,138,870; 

4, 787 ,052 and 4, 165,633. 

One problem with prior techniques is that the test sample is typically not 

10 analyzed immediately after coJlection but at a later time. More often than not, the test 

sample is exposed to ambient atmosphere conditions until testing and analysis. This 

may result in determinations which are inherently inaccurate since in an open 

environment the volatile fluids of interest may, for example, evolve or be absorbed. 

15 SUMMARY OF THE INVENTION 

The present invention is directed to a volatile fluid analyzer in which 

quantitative test results are provided in a relatively short time and which does not 

require the use of reagents. 

More specifically, the present invention utilizes predictive techniques to 

20 automatically detennine a fluid of interest content in a sample in a short period of time. 

In a preferred embodiment of the invention, a moisture analyzer is provided to 

measure the moisture content ofa sample. The sample is placed in an airtight receptacle 

which in the preferred embodiment is a septum bottle. A counter flow tube arrangement 

is inserted through the septum. The tube arrangement includes first and second tubes. A 

25 carrier gas in injected into the septum bottle through one of the tubes and exhausted 

through the other tube. The sample is heated by heating the septum bottle. As the 

sample under test is heated, the volatile fluid, in this case moisture, in the sample under 

test is evolved into the carrier gas. The gas carries the evolved fluid of jnterest through 

a relative humidity sensor. The relative humidity of the carrier gas is measured 

30 continuously. The flow rate of the carrier gas is regulated to an accurately known 

predetermined volumetric rate. 
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The moisture analyzer predictively determines the total mass by weight of the 

water in the sample under test by monitoring the relative humidity, the rate of change in 

the relative humidity and calculating the actual weight in the sample by monitoring the 

change with time in the relative humidity of the gas stream. 

5 An automatic moisture analyzer in accordance with the invention may be used to 

determine moisture content in many materials including, but not limited to, plastics, 

freeze dried drugs, paints and coatings and many other materials that previously were 

tested using pyrometry and Karl Fischer coulometric analysis. 

In accordance with the invention, an inert gas is used to quickly purge the 

10 relative humidity sensor of residual moisture. The system is then operated in an 

automatic calibration mode wherein a known or calibration quantity of moisture is 

injected into the carrier gas. The moisture content is measured. The measurement is 

then compared with the known quantity and the result of the comparison is used to 

factor subsequent test results. In addition, the system stores the result of the calibration 

15 test in a memory which then provides a history of the calibration results. After 

calibration, the system is again purged to remove residual moisture . 

In testing samples, a collected sample to be analyzed is placed in an airtight 

container. The container, which in the illustrative embodiment is a septum bottle, is 

placed in a heater and the counterflow tube arrangement is inserted into the container. 

20 A high flow rate carrier gas purge of the container occurs by flowing the carrier gas into 

· the container through one tube and exhausting it through the other tube. This headspace 

purge occurs before the sample is heated to a temperature sufficient to evolve the 

moisture. After purging the container, the flow rate of the carrier gas is reduced to a 

precisely known flow rate. The relative humidity sensor provides a dynamic and 

25 continuous reading of the relative.humidity in the carrier gas. The amount of moisture 

evolved from the sample under test is calculated ftom the flow rate and the relative 

humidity readings. The total moisture content may be predicted by characterizing the 

time dependent changes in the relative humidity. 
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BRIEF DESCRimON OF mE DRAWINGS 

The invention will be better understopd ftom a reading of the following detailed 

description in conjunction with the drawing in which like reference numerals are used to 

indicate like elements in the various figures and in which: 

5 Fig. 1 is a mechanical schematic of a system in accordance with the principles of 

10 

the invention; 

Fig. 2 illustrates in partial cross-section a probe, sample container and heater 

portion of the system ofFig. 1; 

Fig. 3 illustrates in schematic fonn the electronic control ammgement utilized in 

conjunction with the system of Fig. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

lS The illustrative moisture analyzer 1 is shown in Fig. 1. A test sample is 

collected and promptly placed in a septum bottle 20. The test sample remains in the 

septum bottle 20 after collection and throughout testing. In general, the analyzer 

evolves the volatile fluid of interest or the water present in a test sample into an inert 

carrier gas which flows 1hrough the septum bottle. The flow rate of the gas is carefully 

20 controlled. The carrier gas flows past· a relative humidity sensor 22 which provides a 

continuous indication of the relative amount of the volatile fluid in the gas stream. The 

humidity sensor 22 is a commercially available capacitance type relative humidity 

sensor. A conventional microcontroller or computational circuitry SO dynamically 

converts the relative humidity measurements at the predetermined flow rate into an 

25 absolute weight measurement of the water evolved from the sample. By monitoring the 

rate of change of the relative humidity the microcontroller can predict the total moisture 

content of the sample. By determining the weight of the test sample prior to subjecting 

it to evaporative heating, the moisture analyzer can directly provide a measurement of 

the moisture as a percentage by weight of the sample tested. 

30 In the illustrative embodiment moisture analyzer system 1 a dry nitrogen supply 

10 is coupled to the system. Although nitrogen is utilized in the illustrative moisture 

analyzer 1, it should be understood that any gas which is inert with respect to the 
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volatile fluid of interest in a sample under test may be utilized. The dry nitrogen flows 

through a 50 micron filter 11 of a type commercially available and then flows to a 

pressure regulator 12. Pressure regulator 12 is of a type commercially available and 

maintains the pressure at a predetermined level, typically at 4 psi. Two alternate flow 

S paths are provided from the pressure regulator 12 to establish flows at two different 

levels. In one path, a flow regulator or restrictor 13 maintains a flow rate at a first 

predetermined level. For an input pressure of 4 psi, the flow regulator or restrictor 13 

provides a flow rate of 190 cc/min. In the second path, a flow regulator or restrictor 15 

provides for a significantly higher predetermined flow rate. Typically, the flow rate 

10 through the flow regulator or restrictor 15 is approximately I liter/min. Each of the 

flow regulators or restrictors 13 and 15 are commercially available flow regulators of a 

type which provide a fixed accurate flow rate. Both flow regulators 13 and 1 S are 

coupled to a solenoid valve 16. A flow sensor 14 is disposed between the flow­

regulator 13 and the solenoid valve 16. 

15 The solenoid valve 16 is utilized to select between two flow rates of the nitrogen 

through the system. Valve 16 provides either an operational flow through the system 

from flow regulator 13 or a higher purge flow from flow regulator 15. 

Solenoid valve 16 has a first inlet port 16a coupled to the low flow regulator 13 

via the flow sensor 14. Valve 16 has a second inlet port 16b coupled to the high flow 

20 regulator 15. Solenoid valve 16 includes a single outlet port 16c. The solenoid valve 16 

is normally off and the flow through the valve 16 is such that port 16a is coupled to port 

16c and port 16b is normally closed. When solenoid valve 16 is energized, port 16b is 

coupled to port 16c and port 16a is closed. Outlet Port 16c of solenoid valve 16 is 

connected to a sample bottle bypass solenoid valve 17. 

25 Valve 17 has a single inlet 17a and selects between two outlets 17b and 17c. 

Solenoid valve 17 has inlet port l 7a coupled to outlet port l 7e when solenoid valve 17 

is in a first energization state such that solenoid valve is not energized. Inlet port 17a is 

coupled to outlet port 17b when solenoid valve 17 is in a second energization state such 

that solenoid valve 17 is energized. Outlet port l 7b of valve 17 is coupled to sample 

30 bottle 20 via a counterflow tube arrangement more specific details of which are set forth 

hereinafter. The counterflow tube arrangement provides an exhaust flow path from 

sample bottle 20 which is coupled to. a tilter 21 to inlet port 18a of a sensor bypass 
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solenoid valve 18. The solenoid valve 18 has two selectable outlets, 18b and 18c. 

When solenoid valve 18 is in a first energization state such that it is not energized, the 

inlet 18a is coupled to the outlet port 18c which is coupled to an exhaust 30. When the 

solenoid valve 18 is in its second energization state such that it is energized. inlet port 

S 18a is coupled to outlet port 18b. Outlet port 18b of the solenoid valve 18 and outlet 

port 17c of solenoid valve 17 are both coupled to the inlet of a relative hwnidity sensor 

22. The output of relative humidity sensor 22 is coupled to exhaust 30 through a flow 

sensor23. 

Solenoid valve 19 is provided to selectively operate the analyzer in an automatic 

10 calibration function or mode. Valve 19 is normally not energized and in this state, inlet 

port l 9a is connected to outlet port 19c and outlet port 19b is closed. When solenoid 

valve 19 is energized, inlet port 19a is connected to outlet port 19b and outlet port l 9c is 

closed. With solenoid valve 19 energized, a flow path is established ftom inlet port 19a 

through a water injector 26 which has its outlet coupled to relative humidity sensor 22. 

15 Valves 16, 17, 18 and 19 have their various inlets and outlets directly connected 

in accordance· with the connections shown in the drawing by means of a manifold 

assembly 79. By utilizing a manifold assembly 79, a heater 25 may be formed about the 

manifold 79 as shown schematically in Fig. 1 so that the nitrogen gas stream is healed. 

The sample bottle 20 is placed into a heater assembly 24 so that the sample may 

20 be heated to evolve the volatile fluid of interest, e.g., moisture. The temperature of the 

heater 24 is controlled to a desired temperature set typically from 25°C to 225°C. The 

test is automatically tenninated when real time analysis of the relative humidity of the 

gas determines the test endpoint is reached. 

The moisture analyzer may be operated in five operational modes: "system dry 

25 down", "maintenance dry", "system calibration", "sample bottle purge", and "sample 

test.'' The operation of the system in each of these modes will now be described. 

In the "system dry down" mode, a high f:.low rate of dry nitrogen flows through 

the system to remove any residual. volatile fluids, e.g., moisture in the system and in 

particular- to dry the relative humidity sensor 22. In this mode, solenoid valve 16 is 

30 energized causing inJet port 16b to be connected to outlet port 16c; solenoid valve 17., 

1 & and 19 are not energized so that inlet port 17a is coupled to outlet port 17c and inlet 

port 19a is coupled to outlet port 19c, thereby bypassing the sample bottle 20. With this 
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valve configuration, dry nitrogen flows from source 10 through filter 11, through 

pressure regulator 12, through the high flow restrictor regulator 15, through valve 16, 

through valve 17, through valve 19, to the relative humidity sensor 22, through flow 

sensor 23 to exhaust 30. Valve 18, which has inlet port 18a coupled to outlet 18c and 

S port l Sb closed, is bypassed. With this flow path, the dry nitrogen gas from nitrogen 

source 10 flows at a flow rate of one liter/sec. to dry the system to ensure that it is 

moisture free prior to analyzing test samples. In this flow configuration,. valves 17, 18, 

and 19 are configured such that there is no flow through sample bottle 20. 

Next, the system is configured to a "maintenance dry" mode to keep the 

10 components free of moisture. In this mode, valves 17, 18 and 19 remain deenergized as 

they were in the "dry down" mode. However, valve 16 is now deenergized so that a 

connection is established between inlet port 16a and outlet port 16c. Inlet port 16b is 

closed in this mode, thereby cutting off flow from the high flow regulator 1 S. With this 

configuration, dry nitrogen flows from source 10, through filter 11, through regulator 

15 12, through low flow restrictor or regulator 13, through flow sensor 14, through valve 

16~ through valve 17, through valve 19 to outlet 19c, and through the relative -humidity 

sensor 22 and flow sensor 23 to exhaust 30. In this mode, the flow rate through the 

system is 190 cc/min. This mode is utilized to maintain the relative humidity sensor 22 

in a dry state after being initially dried. 

20 The system periodically is operated in an "automatic calibration" mode. 1n this 

mode, precise quantities of moisture are injected into the system by moisture injector 26 

to measure the response to the sensor 22. In the "automatic calibration" mode, the 

valves 16, 17 and 18 are in the same energization states that they were in for the 

"maintenance dry" mode described above. Automatic calibration solenoid valve 19 is 

25 energized. With solenoid valve 19 energized, inlet 19a is coupled to outlet 19b and 

outlet 19c is closed. A flow path is established to the water injector 26 which injects a 

precise amount of water into the nitrogen gas flow. Then sensor 22 is used to measure 

the amount of water injected into the system. 

The amount of water injected is known with great precision. Any discrepancy 

30 between the amount of moisture determined and the known amount injected by injector 

26 is used to adjust the calibration of the analysis of the readings from sensor 22. A 

history of the calibration results is stored in a memory. 
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After the system has been calibrated, it again is. dried by operating in a "dry 

down" mode as described above. 

After the system has been dried, calibrated, and dried again, a sample bottle 20 

containing a sample under test may be inserted into the bottle heater 24. The bottle 20 

S takes a few seconds to rise to the temperature of the heater 24 due to thermal delay. 

During this thennal delay tim~ a high flow of nitrogen is passed through the bottle 20 

to purge the headspace in the bottle 20. To establish a purge flow path through the 

bottle 20, valves 16 and 17 are energized and valves 18 and 19 are left deenergized. In 

this configuration, nitrogen flows from source 10 through filter 11, regulator 12, high 

10 flow regulator 15, valve 16, valve 17, sample bottle 20, filter 21, valve 18 and out outlet 

port 18c to exhaust 30. After approximately nine seconds at the high f-low rate. the 

sample bottle 20 has been purged and the thermal delay of the bottle 20 has not yet 

heated the sample sufficiently to evolve the moisture contained in the sample under test. 

The system then enters into the "sample test" mode. In this mode, valve 16 is 

15 deenergized and valves 17 and 18 are energized. Dry nitrogen gas flows from source 1 O 

through filter 11, regulator 12, low flow regulator 13, flow sensor 14, valve 16 to outlet 

l 6c, valve 17 to outlet 17b. sample bottle 20, filter 21, valve 18, relative humidity 

sensor 22 and flow sensor 23 to exhaust 30. This operational mode will be maintained 

until such time as the analyzer circuitry indicates that the end point of the moisture 

20 measurement can be predicted. During this mQde, the sample is heated up by means of 

the heater 24, the volatile fluids of interest in the sample are evolved and carried by the 

nitrogen flow past the sensor 22. 

Flow sensors 14 and 23 are provided in the carrier gas flow path to detect 

leakage The flow measured at flow sensors 14 and 23 should at all times be equal. In 

25 the event that there is any inequality in the measured flows, a leak has been detected. 

A replaceable filter 21 is provided between the sample bottle 20 and the relative 

humidity sensor 23. The tilter 21 is a commercially available product which is used to. 

filter volatile fluids from the exhaust gas other than the volatile fluid of interesL The 

filter 21 is intended to reduce interference in the measurements resulting from volatiles 

30 other than the volatile fluid of interest. In prior moisture analyzers which rely upon 

collection of the evolved moi~ it is particularly difficult to obtain accurate results 

for some materials. . Nylons in particular contain significant quantities of volatiles other 
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than water which will condense on a collector and yield a false high reading. In the 

present anangementt more consistently accurate results are . obtained by basing the 

measurements on relative content of the volatile fluid of interest in the carrier gas on a 

continuous basis rather than collection of volatiles. The use -of the filter 21 causes 

5 volatiles other than the volatile fluid of interest, e.g., water, to be collected and filtered 

out thereby removing this possibility of interference in the measurements. Turning now 

to Fig. 2, the septum bottle 20 or container used in the moisture analyzer is shown to be 

a glass septum sealed vial which is commercially available from several sources. The 

septum bottle 20 includes a vial 31 and a septum seal structure 32. 

10 The bottle heater 24 is provided to heat bottle 20 to evolve the fluid of interest. 

The heater 24 is designed to provide for rapid, controlled heating. The heater 24 has an 

opening 34 into which the bottle 20 is placed. The dimensions of the opening 34 are 

chosen to snugly engage the vial 32 to enhance heat transfer. The heater 24 

substantially, completely SUD'OUDds the vial 20 except for the top portion of the vial 20 • 

. 15 The heater 24 includes a resistance heater element 34 which is immersed in oil 35. An 

insulated container 36 is provided to retain the heat in the heater 24. A temperature 

sensor 33 provides signals which are used to control application of power to the heater 

24. 

A cover 37 for the heater 24 carries a counterflow tube arrangement which in the 

20 embodiment shown includes two tubes or hypodennic needles 40 and 41. Each of the 

tubes or hypodermic needles 40 and 41 are standard commercially available hypodermic 

needles. Alternatively, a counterflow tube arrangement which utilizes two coaxially 

aligned tubes is commercially available and may be used. 

In using the moisture analyzer 1, the sample to be analyzed is placed into vial 31 

25 and the septum lid 32 is placed on the vial 31. The bottle assembly 20 is placed in the 

heater 24. The cover 37 is moved onto the septum seal 32. The two tubes or 

bypodennic needles 40 and 41 penetrate the septum seal 32. 

Turning now to Fig. 3, the control system for the illustrative moisture analyzer is 

shown in block schematic fonn. A process controller SO is used to control operation of 

30 the moisture analyzer. Controller SO includes a microcontroller 51. Memory 53 is 

coupled to the microcontroller 51 via a bus 52. The memory 53 includes EPROM, 

EEPROM and SRAM types of memory. The operational program for the moisture 

1i1i1ii1il1Hr, 
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analyzer is stored in EPROM, operational variables during testing are stored in the 

SRAM and sensor characterizing constants for each of the various sensors in the 

moisture analyzer system are stored in the EEPROM. The calibration history of the 

relative humidity sensor 22 may be stored in the SRAM portion of memory 53. 

S Peripheral control logic 54 interfaces the inicrocontroller 51 to a display SS and a 

keyboard 56. The display 55 and the keyboard 56 provide the human interface to the 

system for initiating testing and for entry of test specific data such as the weight of the 

vial or sample bottle 20 and for display of test results as well as various test messages 

and related infonnation. Analog to digital interface (AID) circuits 57 connected to the 

10 bus 52 are coupled to the flow sensors 14 and 23 and to the relative humidity sensor 22. 

Through (AID) circuits 57 the microcontroller S 1 monitors electrical signals produced 

by sensors 14 and 23 and to the microcontroller SI interprets these signals into 

instantaneous readings of the gas flow at sensors 14 and 23 and the relative humidity in 

the gas flow at relative humidity sensor 22. In addition,. the AID circuits S7 are coupled 

15 to temperature sensor 2Sa which is used to monitor the temperature of heater 24 and a 

temperature sensor 25a which is used to monitor the temperature of the manifold heater 

25. The AID circuits 57 are also coupled to the automatic calibration water injector 26 

to monitor the water source for the water iajector 26. 

The controller SO also includes peripheral control circuits 58 which are connected 

20 to the microcontroller 51 via bus 52. The peripheral control circuits 58 are used to 

control the application of DC power from power supply 75 to each of the solenoid 

valves 16, 17 and 18 as well as the automatic calibration circuits. The peripheral control 

circuits 58 also control application of AC power from AC power source 76 to the bottle 

heater 24 and the manifold heater 25. 

25 While the system is operating with a test sample, the controller 50 continuously 

monitors the output of relative humidity sensor 22. Because the flow rate of the 

nitrogen gas through 1he sample bottle 20 is accurately known by the use of flow sensor 

14 the measured relative humidity as measured by the sensor 22 may be converted into a 

time dependent rate of transport of the water ftom the sample under test. The rate of the 

30 moisture release from the sample under test may be characterized by an equation which· 

represents exponential decrease curve. In addition, the curve will converge 

asymptotically toward a level which represents the total of the moisture in the sample. 
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Thus as the relative humidity decreases toward zero, the moisture content in the sample 

under test will also approach zero. By calculating slopes of curves which are derived 

from the measured data controller SO predicts an end point for the curve which 

represents the total amount of the moisture contained in the sample under test. Thus, a 

5 predictive algorithm may be derived from which the total moisture content of the 

sample under test may be calculated. By weighing the sample prior to testing and 

entering the sample weight into, the controller SO, controller SO can directly determine 

the percentage moisture content for the sample under test. Alternatively, the system can 

provide a predictive total weight of moisture contained in the sample under test. 

10 The various modes of operation of the system have been described in operation of 

the system. The controller 50 is programmed by means of programs stored in the 

memory to automatically execute certain of those modes. For example, the controller 

50 may on a daily basis initially operate in a ccsystem dry down" mode. Then prior to 

any test measurements being taken. the controller 50 may execute an automatic 

15 calibration program to operate the system in the "system calibration" mode. Upon 

completion of the calibration, the controller 50 then again enters the "system dry down" 

mode, followed by the "maintenance dry" mode. When a sample bottle 20 is placed in . 

the analyzer, the controller SO would initially execute the ''sample bottle purge" mode 

and then immediately enter into the &•sample test" mode. Upon completion of testing, 

20 the controller 50 would again enter the "sample dry down" mode followed by the 

"maintenance dry" mode in which it would stay until the next test is to be run. 

It will be understood by those skilled in the art to which this invention pertains 

that various modifications may be made to the illustrative embodiment shown and · 

described without departing from the spirit and scope of the invention. It is intended 

25 that the invention be limited only by the claims appended hereto. 
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WHAT IS CLAIMED IS: 

1. An analyzer 1 for detennining the amount of a volatile fluid in a test sample, 

said apparatus comprising: 

a container 20 containing said sample; 

means 25 for causing said volatile fluid to evolve ftom said sample; 

5 means 79 for conveying a carrier gas 10 through said container at a predetennined 

flow rate to carry said evolved volatile fluid therefrom; 

a sensor 22 for continuously sensing the instantaneous relative amount of said 

volatile fluid in said carrier gas; and 

computing means SO coupled to said sensor for determining said volatile fluid 

10 content in said test sample. 

2. An analyzer in accordance with claim 1, wherein: 

said computing means SO determines the time dependent rate of transport of said 

volatile fluid from said sample, to detennine said volatile fluid content. 

3. An analyzer in accordance with claim 2, wherein: 

said computing means utilizes changes in said time dependent rate to calculate a 

predicted percentage volatile fluid content of said test sample. 

4. An analyzer in accordance with claim 2, wherein: 

said computing means utilizes the weight of said test sample and changes in said 

time dependent rate to calculate a predicted total weight of said volatile fluid in said test 

sample. 

5. An analyzer in accordance with claim 1, wherein: 

said volatile fluid is water. 

6. An analyzer in accordance with claim 2~ wherein: 

said volatile fluid is water. 

7. An analyzer in accordance with claim 3; wherein: 

said volatile fluid is water. 

8. An analyzer in accordance with claim 4, wherein: 

said volatile fluid is water. 

9. An analyzer in accordance with claim 1. wherein said container comprises: 

a septum bottle 20, said septum bottle receiving said sample. 
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10. An analyzer in accordance with claim 1; wherein: 

said gas conveying means 79 comprises a first counterflow tubular assembly 37, 

having a first tube 40 and a second tube 41, said assembly being insertable into said 

container, said first tube conducting said gas into said container and said second tube 

5 venting said gas and said volatilized fluid from said container. 

11. An analyzer in accordance with claim 10 comprising: 

a filter 21 disposed between said container and said sensor to filter particulate 

matter and volatilized fluids other than said volatilized fluid from said g&S vented from 

said septum bottle. 

12. An analyzer in accordance with claim 11, wherein: 

said gas is nitrogen. 

13. An analyzer in accordance with claim 10, wherein: 

said gas conveying means comprises means 14 for detennining the rate of said gas 

flow to said container. 

14.. An analyzer in accordance with claim 10, wherein: 

said gas conveying means comprises a first flow sensor 14 disposed upstream of 

said first tube, and a second flow sensor 23 disposed downstream said second tube, said 

first and second flow sensors each providing signals indicative of gas flow rates; and 

5 said computing means being coupled to said first and second flow sensors to 

provide a signal indication when said first and said second flows have a predetennined 

relationship. 

15. An analyzer in accordance with claim 1 wherein: 

said computing means comprises means for predicting the absolute amount of said 

volatile fluid contained in said sample 
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16. A method for detennining the volatile fluid content in a material comprising the 

steps of: 

placing a test sample of said material in a container; 

evolving said volatile fluid from said sample; 

S conveying a carrier gas through said container at a predetermined flow rate to 

carry said evolved volatile fluid therefrom; 

continually sensing the instantaneous relative amount of said volatile fluid in said 

carrier gas; and 

utilizing said continuously sensed relative amount to calculate said volatile fluid 

10 content in said test sample. 

17. A method in accordance with claim 16, wherein: 

said evolving step comprises heating of said test sample. 

18. A method in accordance with claim 16 comprising the step of: 

detennining the time dependent rate of transport of said volatile fluid from said 

test sample. 

19. A method in accordance with claim 18, wherein: 

said volatile fluid content is calculated as a predicted percentage of volatile fluid 

content. 

20. A method in accordance with claim 18 comprising: 

weighing said test sample to detennine said test sample weight: and 

calculating a volatile fluid content in said test sample from said weight and from 

said time dependent rate. 

21. A method in accordance with claim 16 comprising: 

collecting a test sample of said material, said test sample being placed in said 

container immediately after collection; and 

sealing said container after said placing step and maintaining said container in a 

5 sealed state. 

22. A method in accordance with claim 16, wherein: 

said volatile fluid is water. 
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23~ A moisture analyzer comprising: 

a sealed container containing a sample under test: 

a heater for heating said container; 

THIS SHEET HAS BEEN 
REPLACED 

means for conveying a carrier gas through said container at a predetermined flow 

5 rate, said earner gas carrying moisture from said container; 

a relative humidity sensor providing signals representative of the instantaneous 

relative humidity of said cattier gas; and 

microcomputer means coupled to said relative humidity sensor for automatically 

calculating an end point for transport of moisture from said sample. 

24. A moisture analyzer in accordance with claim 23 wherein: 

said microcomputer means automatically calculates the amount of water contained 

in said sample. 

25. A moisture analyzer in accordance with claim 23 wherein: 

said gas is nitrogen. 

26. A moisture analyzer in accordance with claim 2S comprising: 

means for bypassing said container: 

means for injecting a predetermined quantity of water into said carrier gas; and 

said microcomputer means operating to measure the amount of a-water in said 

5 carrier gas and for determining calibration accuracy of said system. 

27. A moisture analyzer in accordance with claim 26, wherein: 

said microcomputer means includes memory means for storing a calibration 

history. 

28. A moisture analyzer in accordance with claim 27, wherein: 

said microcomputer means calculates the amount of moisture in said sample. 

29. A moisture analyzer in accordance with claim 28, wherein: 

said microcomputer means adjusts said calculated amount of moisture by a 

calibration factor. 

30. A moisture analyzer in accordance with claim 26, wherein: 

said microcomputer means provides an output indicator when said calibration 

exceeds a predetermined amount. 



I 1111111 111111 11111 1111111 1111 
* C L M S * 

W097128434 PCT/US97/00959 

16 

31. A method for detennining the percent of weight of a fluid of interest in a test 

sample of known weight, the method comprising the steps of: 

(a) maintaining the test sample in a sealed container; 

(b) heating the test sample in said contain~r to convert the volatile fluid of 

5 interest to a gaseous state; 

(c) flowing a conveying gas through said container to exhaust said volatile ftuid 

in said gaseous state ftom said container; 

( d} continuously sensing the instantaneous relative amount of said gaseous state 

volatile fluid in said conveying gas exhausted ftom said container; and 

10 (e) utilizing said continuous sensed relative amount to detennine the percent by 

weight of the fluid of interest in the test sample. 

32. A method in accordance with claim 31 including the step of: 

purging said container with said conveying gas for a predetermined time after 

initiation of said hearing step. 

33. A method in acoordance with claim 31 comprising the initial step of: 

collecting said sample and storing said sample in said scaled container from the 

time of collection until completion of testing. 

34. A method in accordance with claim 33 wherein: 

said container is a septmn bottle. 

35. A method in accordance with claim 31 wherein: 

said fluid ofinterest is water. 

36. A method in accordance with claim 31 comprising the additional step of: 

filtering said carrier gas prior to said sensing to remove interfering volatilized 

fluids. 


