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This invention pertains to apparatus for determining the actual and proportional
amounts of a volatile fiuid in a test sample.

BACKGROUND OF THE INVENTION

Various devices have been developed for determining the quantity of a volatile
fluid present in a test sample of material. As pointed out in U.S. Patent 4,838,705 which
is assigned to the assignee of the present invention, such determinations are important
and/or necessary for various reasons incinding quality control in manufacturing as well
as compliance with various legal or regulatory requirements.

One prior technique for determining the guantity of volatile fluid present is
known as the "loss on drying" technique and is described in my U.S. Patent 4,165,633.
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 wéight loss.

Chemical analysis methods are also used for certain volatile fluids of interest,
such as water, throngh a process known as the "Karl Fischer analysis." These chemical
analysis methods rely on the use of reagents which may be toxic. Furthermore, the
chemical analysis methods usually require highly skiiled operators and time consuming
analysis. |

In the process which is described in the *705 parent, apparatus is used to collect
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 form
of the fluid is passed through a collector which is sensitive to the volatile fluid of
interest. The collector increases weight as the flnid is collected. A weight sensor
supporting the collector provides data indicative of the initial weight, interim weight
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 of interest in the test sample.
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10 analyied immediately after collection 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 determine 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 of a 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 interest 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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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 resuits. 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 from 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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Fig. 2 illustrates in partial cross-section a probe, sample container and heater
portion of the system of Fig. 1;
10 _
Fig. 3 illustrates in schematic form the electronic control arrangement utilized in
conjunction with the system of Fig. 1.

T, D C N D EMBODIMENTS

15 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 through 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 50 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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type which provide a fixed accurate flow rate. Both flow regulators 13 and 15 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 16¢c. The solenoid valve 16
is normally off and the flow through the valve 16 is such that port 16a is coupled to port
16¢ and port 16b is normally closed. When solenoid valve 16 is energized, port 16b is
coupled to port 16¢ and port 16a is closed. Outlet Port 16¢ 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 17a coupled to outlet port 17¢ 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 17b 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 filter 21 to inlet port 18a of a sensor bypass
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sanpl e cént d8misrcoupled kooutlet pprd A 8h.0 Qutlet port 18b of the solenoid valve 18 and outlet
port 17¢ of solenoid valve 17 are both coupled to the inlet of a relative humidity sensor
22. The output of relative humidity sensor 22 is coupled to exhaust 30 through a flow
sensor 23.
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 19a 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 ontlet port 19¢ is
closed. With solenoid valve 19 energized, a flow path is established from 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 heated.

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 controlied to a desired temperature set typically from 25°C to 225°C. The
test is automatically terminated 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 inlet port 16b to be connected to outlet port 16¢; solenoid valve 17,
18 and 19 are not energized so that inlet port 17a is coupled to outlet port 17¢ and inlet
port 19a is coupled to outlet port 19¢, thereby bypassing the sample bottle 20. With this
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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 15. 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 19¢, and through the retative 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 "antomatic calibration” mode. In 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 19¢ 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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commercial yDt?r\x/nagl tlua%gmm 8 \ﬁ\yrmgg,l 2‘ L:%L ﬂow ota 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 deenérgized and valves 17 and 18 are energized. Dry nitrogen gas flows from source 10
through filter 11, regulator 12, low flow regulator 13, flow sensor 14, valve 16 to outlet
16c, 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 mode, 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 filter 21 is a commercially available product which is used to,
filter volatile fluids from the exhaust gas other than the volatile fluid of interest. 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 moisture, it is particularly difficult to obtain accurate results

for some materials. ‘Nylons in particular contain significant quantities of volatiles other
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17 isin afirst energ{vza il on state such that solenoid valve 7s not
ener gi zed. | ntodRigyh the septum;bottle 20 orronigineriused inthe maistyreapalyzey isshowndobenoi d

valve 17 is i {ﬁ; lve 17
I s energized. Qé%fﬁsge% por?ﬁi!?fgﬂé@lv § .?Hﬁ%ﬁ’d bl%lﬁ%gl §a&81 &%g Eﬁ?t |l e
20 via a counmnfnhbaulembmchdesaamemirmdmegumpeﬂlsﬁumeﬂal | s of V\/m ch are
set forth f he cou rra VI des an
e hauat 1180 pat AR héster 2816 o QARG hedbokdis &' CRRASHE Rlig S GHette?, 70
21 to inlet pyhéheabter29fs desiphedbRprivvidafos rapid, controlied heating. The heater24 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 surrounds 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 hypodermic 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
hypodermic needles 40 and 41 penetrate the septum seal 32.
Tuming now to Fig. 3, the control system for the illustrative moisture analyzer is
shown in block schematic form. A process controller 50 is used to control operation of
30 the moisture analyzer. Controller 50 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
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sol enoi d val ve 18. The sol enoi d val ve\ T8Y& ctabl e outlets, 18b
and 18c. When sol enoid valve 18 ks in_s nergi zati on state such
that it is noyvoefsasy zed, the i NI<€T18a i s coupled to pofnKRetdosde POrt

18c which is coupled to an exhaust 30. Wen the sol enoid valve 18 is
inits second energization state such that®it is energized, inlet port 5

18a is coupled to outlet port 18b. Qutlet port 18b of the sol enoid valve 18
and outl et

ort 17c. Q | enoi d.val ve. are, bqth coupled to the inlet
of a rel ati (RAIVEFFY FtP‘)'Fds’@réP g ope@t?nah-ﬁgn%&quwngﬁeﬁngg ftoraduin the;
sensor 22 i SRAM [n@Ckehéor ohbatteizing cohstaitg fordedch0of the varioed) §€sord3in the

Sol enoid valve 19 is provided to sel,ectivelﬁ (&Feé_gte i.he_ anal yzer in an
aut omat i ¢ 1@noigiuEiapAlyzar SHtem 76q stereddp the FEPROM., dhe galibratins, Insiory, of the

energi zed a ' Js | : rS‘RQta ' to outl et
port 19c angéi%th{llﬂg{ﬂxcggfs{e@fg%Zﬁg&gf:gtgléeg.m%en Soﬁ:gfnh?}ig?ﬂﬁﬁﬁ val've 19 is

energi zed i nl ePeriphetal ¢@ndrol logicoidisterfacesttie microcontrolier 51 10& displiy SGtandta por t

establ | shed KYORG 1 oh e 68 aft 2'Wifcai RO B Tbe plipin PR bR 1 1o
its outlet egsterhdet ihitiating teétingeand don ehitry\of sestspeeifid atalshich as the welght v€thel6, 17,
18 and 19 h%\n/a? o&‘ Qmethgle %gtrilies 38 Sm& ?clsredtxsspla?(n& tgs"él tnl.s\ex tsS asd\iwél gst wll 'o%g ?egte ﬁxtegscai.ges

and related information. Analog to digital interface (A/D) 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 (A/D) circuits 57 the microcontroller 51 monitors electrical signals produced
'by sensors 14 and 23 and to the microcontroller 51 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 A/D circuits 57 are coupled
15 to temperature sensor 25a 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 A/D circuits 57 are also coupled to the automatic calibration water injector 26

to monitor the water source for the water injector 26.
The controller 50 also includes peripheral contro! 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 the 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 thé water from 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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I n accordance with the connections shown in the drawi ng by neans of a

mani f ol d assenbly 79. By utilizing a manifold assenbly 79, a heater 25
may be formed about the mani fold 79 as shown schematically in Fig. 1
so that the nitrogen gas streamis heat ed. The sanple bottle
20 i s placed iwobo7sibtat er assenbly 24 so that the sanpl e mpCRUSHAIRat ed
to evolve the volatile fluid of interest, 19 noi sture. The tenperature
of the heater 24 is controlled to a deglred tenperature set typically
from25[err]C to 225[err]C. The test is automatically term nated when

real tine anahlé{% reacrﬁfag%ﬁﬂuafty H&r&&lt%ﬂz% &x@%mstutccgﬁtéutqﬁttﬂ%}n%ﬁeg the

t est endpoi nt nol sture anal yzer
operated in funder mp’ewﬂlalsmqipmmhiesro "By ealentating slopes ofcannres Whiﬂaarnttbmmbe

dry", "systemcaljbration sa tle..ourge’ a est .
Th)é obergt i 02}'%?‘ *thﬁ B’Fgrﬂaf% M%%t%ﬁ@gm n@dgg &ﬁg"ﬂf f% %b@%?@?ﬁ’ ed.

In the "syst %ﬁ&éﬁtﬂmmtalmt of the gbxsturé ewtm:tddn tife sdmplenirdengen 'mue,ws

t hr ough the_ systemto r{)ov é esi volail | e fluids, %x

moi sture i A tPrEdiISt élfﬁPU;ﬁH’ e derivgd, qn&ﬂ‘f ota} foisture, content \9§ e

hum dity SenS%Enﬁe?maesa t&auﬁaynm@axmﬁab&ngydw&?w%tﬂeﬁsmlﬁgn&nwwsﬁ af@Usi ng

inlet port 16b to be connectfed to outl et sol enoi d val ve 17,
18 and 19 ar eenigingcthe synple weight it tthe eanire goios contrallersS0ceanshireetly detenmrinet

port 1r7c and g%?r%fnéta Ox{n?lﬁgfeﬁ%%oﬁﬂ\%%#gﬂl@qn&e? teQHtAl?émmgy, ﬂaggystérggﬁx? by

bypassi ng the
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 “system 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 50 would initially execute the “sample bottle purge™ mode
and then immédiately 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.



Sgcgsgmﬂmmmumu Ium nitrogen flows fromlsdHt %%

t hr ough pressure regul ator 12, through thg high-—towT
regul at or 15wot99,wh val ve 16, t hr ough va ve 17, thrommsa-mogsglg to
the relative humdity sensor 22, through flow sensor 23 to exhaust 30.

Val ve 18, which has inlet port 18a couple‘& to outlet 18c and 5 port 18b
cl osed, is bypassed. Wth this flow path, the dry nitrogen gas from
nitrog_en SQUIGe 10 ro& &t aflowrate of one liter/sec. to dry the
systemto ensur noi sture free prior to anal yzing test

sanpl es. | n thiss Al tyﬁé?rlf fof déteinmifiing tNebieent of a volatile fluiddnd 6 sanple,
configured such that fhere is no flow through sanple bottle 20.

Next, the w&apm@smnsgt& ed to a "mai ntenance dry" node to keep the 10
conponents fre valves 17, 18 and 19 remain
%&B‘a{@fﬁ%&mﬁ sascgéaﬁmgpy »

deenergi zed as were | wn" node. However, valve 16 is
now deener gi zednens 251ﬁ1rca1smgsaldomhatetﬂmd|to evolustfrom saidhemnpdest ween i nl et port

16a and utlet I nl et port 16 ng t her eby
cutting ff fldgf"f'?gé;?"trﬁg YR 2 fcf%\ﬁrg%sguqtﬁ[o&ghf%hg H%Eg*&e%ed
configuratImwrammwgmmdmmemmmmlo through filter 11,

t hrough regulator 15 _1 t ht ou | ow, fl Qgw.restrictor equl at or .13,

Lhr ough 11 ow oenissRorz2 o mipiy sgising ¥ g nmepts ity pRREo g o1
val ve 19 t%&mlkﬂhldkgﬁmdwﬂeﬂé%%ah the relative humdity sensor 22
and flow sensor 23 to exhaust 30. In this node, the flow rate through t he

systemis 190 cyomputing mesns$Qjeoupled jto; $aid senserfordetermining said velptile; fhul
hum di tﬁose%?émﬁ&axdtestshﬂplé dry state after being initially dried.

2.  Ananalyzer in accordance with claim 1, wherein:

said computing means 50 determines the time dependent rate of transport of said
volatile fluid from said sample, to determine 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.  Ananalyzerin 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.  Ananalyzer 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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dically is operated In an "automatic calibration”
m)de I n Hl‘i@ﬁ "Mimm‘i mFrem se quant ities of noisture are injected into
‘the system ect or to measure the response to the.
sensor In the "automatic cali br ation" node, the val ves 16, 17 and
18 are |n t hewoatrmssner gi zati on states that they were in forcriwssooese

"mai nt enance dry" node described above. A@é‘omat ic calibration solenoid
valve 19 is 25 energized. Wth solenoid | ve 19 energized, inlet 19a is
coupled to outlet 19b and outlet 19c is closed. A flow path is

establi.shed, | bidrects a preci se anount of
e mtroS en gas I??ﬁc\?v 1%%1%1‘3[%

wat er into t en sénsor 22 is used to neasure
the amount of wadidgas mqﬂngimemd%dmmmex &first counterflow tubuldftassembiyid?, of

v L) oo e AR U0 e S35 TS S R e R SRRBRe B 8L T,
26 is used tcontafhen)Shidife told ¢d@ﬂﬁdtin§rsaiﬂfgats liito anid| cpiainenind hd seod nge from
O 324 venting saul gas ahd said volahTized fuii From sad dontainer,> | S Stored In a nemory.
PCT/ US97/ 00939  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 gas 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 determining 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 predetermined
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



operating in a

After t n calibrated, it again is dried_h
"dry qmamn‘m%plgmlescn bed above. SeiN
been dried, ccaki biat£d,» and dri ed again, ‘ cont ai ni ng
i ; 4. The bottle

20 5 takes awbowagsssgonds to rise to the PaSRisoToossd due
to thermal del ay. During this thermal delay tinme, a high flow of
nitrogen i s passed through the bottle 20 4 o purge the headspace in the
bottle 20. To establish a purge flow path through the bottl e 20,

val ves 16 a 17 ar ergized.and valves .18 and 19 are lLeft deenerqgi zed.
I'n t hi g%coﬁ\f %&ng?ro%tewwg) 14 °W‘§V\gm$|°8 R Pc‘agi‘bﬁm%ﬂﬂﬁg N%I ter

11, regul at Ggepddf: high 10 flow regulator 15, valve 16, valve 17, sanple
bottle 20, filter 21, valve 18 and out qutlet port 18c to exhaust 30.
After approxi maPiacings test sayeple afsaidmaterigl e gPPMINSTH\y rate, the sanpl e
bottle 20 has b # giel ay of the bottle 20 has not
yet heat ed%'?ﬂ‘e'&gasrgrigﬁgﬁgﬁ‘ %%&Fg&?gﬂgol ve the noisture contained in
t he sanpl® underonweying a carrier gas through saidycontainet hta peedeteringd: flowt tate tosanpl e

test"” node. |n this i . ' 5 deenergized and val ves 17 and 18
are energi zecwweﬁwg‘gvgoéﬁﬁ%é@dﬁ%év@“hom source 10 through filter
11, regul ator 1Zontimuall§ sensingealy insthtancbds reldtive/amomt @f sdid volatile\fmidlin sail out | et
16¢, valve 17 to oqtallzszt 17b, sanple bottle 20, filter 21, valve 18, .
rel ative hurfi3ERargas: sensor 22 and flow sensor 23 to exhaust 30. This

operati onal nDdqyifizink siid doBtinicatly dehsed relativelanloufit@italculit Al vdigile Matd/ zer

ci rcwtri i ndi cates That the end point of the noisture 20 neasurenent can
be predi é8 eceontont insgiditestsampleie, the sanple is heated up by neans of

the heater 2¢; t.:ﬂﬁ;e&ﬁh@ﬁﬁécﬁrdfak&ivﬁ&&&xﬂ 1Y @h&Rin: i N the sanple are evol ved
and carried by the nitrogen flow past the sensor 22. Fl ow
sensors 14 sl o®lvimgster eoprprises heatingf saiditest sampleys | ow path to detect

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

determining 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 fiuid
content.
20. A method in accordance with claim 18 comprising:

weighing said test sample to determine 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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| eakage T _t' flow sensors 14 afdyg at ti mes be
equal . In E HmmMH Ft there is any .ineq a?-l tyﬂﬁf@g 5@ ed flows,
a |l eak ha s A repl acedhie-f1 is OVI ded

bet ween the sanple bottle 20 and the rel ative humi dity sensor 23. The
filter 21 is awoomwesds4i al |y avail abl e product which is used ®PETUSITOMMWI | ter
vol atile fluids fromthe exhaust gas ot her ghan the volatile fluid of
interest. The filter 21 is intended to reduce interference in the
measurenents resulting from voI atiles 30 other than the volatile fluid of
interest. Inypriar &Bhf%t V\:hl ch rely upon col | ection of

t he evol ved rrgl s?‘ure a'rl&lgz parttlcu arI y difficult to obtain accurate
results foasea&ndmomamelrcoatasnng\ysmrdemﬂepwﬂ‘l cul ar contain significant

quantities of volatil 0 [oos —
9 t han wat éﬁe‘\kﬂ?ﬁ’wﬁ\%m‘?’ﬁﬁsa‘é‘o%a‘}e“}{‘% on a collector and yield a fal se
hi gh readi ng. | nodela® for conpéyisgea tarsier gasginagh saidmnmaimrashpteﬂm:inﬁned:ﬂuwat e

results are obta ed b basi ng the rreas nts on relative content of
the vol at i e T4 é’P@ﬁ g Poistyre from s8] on a continuous basis

rather than coll S(‘r&lhﬁ% mimﬂdiejr Géﬂsbxe?roviﬁlilﬁg simwieptéaauiﬁvbt&rme InsteAti®esusd
vol atil es other than the volati] luid of interest, e.g., water, to be
col l ected andelﬂﬂqutYOfsde@ﬂef&@f% renovi ng this p055| bili ty of
interference in gﬁaﬂg Ted'tp! RAve humidit® séilsSr fof aufoRf: @ﬁgtum
bottle 20 or cont al ner ‘used 1 n é%ug nol sstggrtg an% yzertjplss owr?nto

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 25 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 c}aim 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.
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a gl ass | | al which is commercially available from several
sources.ﬂ%ﬂ"‘lﬂiﬂ‘s’ﬁﬁt’ﬁﬁbottIe 20 includes a vial 31 and a septum seal
Sstructures n s ahe bottle heater 24 is provided to heat bottle 20
to evolve the fluid of interest. The heater 24 is designed to provide

for rapid, copbopbdsss heating. The heater 24 has an OP@RirRidoTAfiodeNt O
whi ch the bottle 20 is placed. The di nensigns of the opening gﬁgarc ?

chosen to snugly engage the vial 32 to enffince heat transfer. The heater 24
substantially, conpletely surrounds the vial 20 except for the top portion

of the vial ,20. ,15 Th eater .24 i.ncl ude resl stance, heater el enent 38.
which is imtars&yme °§if3’ g W pareBt, of weteht 31 2 1, oF Suciee B 3¥Esled t o
retain the rgaapleiommkmheigheme&fhthoacbmpﬁﬁﬁ@ﬂw soff sensor 33 provides
signals which are used tao cqQntrol app]icatlon of, power to the heater

24. _ﬁscpwt%mzﬁwt%@m@gmseé EMHNLS a counterflow tube
arrangenent whi ey i Redtiflg (RO tese Sl @@ﬁ@&%&%h&%ﬁ ﬁxﬁ&yi»gga RE AN of

hypoderm ¢ needl'és 40 and 41. Each of t * tubes or erm c needl es
40 and 415 arinterestin@@p¥eoun¥ides ci al | y avai | abl e hypodernic needl es.

Al ternatively, co g&,ﬁrfl Jvih% &@f@g ‘M’FF [ )od t lally
al i gned tubes igc)co%mrgiazﬁ%}q‘)’/ a %‘?a g%g%rr%y egalfgééd#{ﬁdsvmme%a‘fn

usi ng t he ntn sdid gaseouscsitate fFom baid chwainampl e t o be anal yzed is placed into

ial 31 25 d, th t lid.32,1 | d th ' 1., The bottl
bty 50 - (D et o PSSt Sy el oS Bl o ¢ e
septum seal hﬁ&ﬁleﬁnﬁdmsnicllwm@iﬁgasexhauhtwndmrsaidccoﬂﬁﬁﬂheﬁd40 and 4ﬁ |
penetrate.the septum,seal 32. urning ngw to Fig. 3, the contro
Cystem {9 the () SRaes vl totiappe seaspiieive Spbunt o deigrmin e persed by
schemati ¢ f GidightDf MedRSPSf inerthlin kheRktst Simple. Used to control operation of 30
the noi sture anal yzer. Controller 50 includes a mcrocontroller 51. Menory

53 is A3 p emethed imaccordance mathiolaim 34 including the stepof 52, The nenory 53
incl udes EPROM nyreing said container with said conveying gas for a predetermined time after

initiation of said hearing step.
33. A method in accordance 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 septum bottle.
35. Amethod in accordance with claim 31 wherein:
said fluid of interest 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.



EEP of nmenory. The operationa fH QUHHETIHYS BRN npi sture
Rj\il Mﬂi ﬂ Tlil stored in EPROM - oper at.i-ofia VagErDAEEDdUr | testing

are SRAM and sensor char act el Pt ants for each

of the vari ous sensors in the - noisture anal yzer systemare stored in

t he EEPROM The bration history of the reI ative hgm b m@ﬁpsor 22
may be store&"??ﬁ% SRAM portion of netfory 53. erl %1# i

control logic 54 interfaces the mcr 51 to a display 55 and a
oppard 56 herdalla Eﬁh@ﬁﬂtmg %@@@&%@@5 R7 X erdop e yupmy) 1t ef f ace

data such as

to the s%rs]ig

ENdihY Athdridsd Jﬁpﬁ@b ic

ai
V\Blg{’l V|a or sarrpebottle 20 an

di splay of test results as vveII as various test nessages and rel ated

i nformati on.

A3l od moistirapnalykericomprisingte (Al D) circuits 57 connected to the

10 bus 52 are couple e f 23 and to the relative
hum dity sensor efc#ﬁ%éﬁ%ﬁ%rcw s 57 the microcontroller 51

monitors el ectri cahheaterﬁimaﬁngxﬂmaﬂtamer; by sensors 14 and 23 and to the

m crocontroller 51 integprets .these Si S_i.nto. t ant.aneaus

readi ngs of the ga®® CONVEWRE B carrier; ga&ﬂ‘f” fﬁﬂ%}%‘%ﬂ%ﬂw in
the gas flow atm@%dmgmﬂyﬁ,gmﬁo&&mdlwnﬁﬁﬂrt | on the A/Dcircuits
57 are coupled 15 to t enper at ure sensor,, 253 ich is u,sed t m)nltor t he

tenperature of hea@delative hypidity sensor providing signals representative of the mstantan

28.

29.

relative humidity of said carrier gas; and
microcomputer means coupled fo said relative humidity sensor for antomatically
calcnlating 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 25 comprising:
means for bypassing said container:
means for injecting a predetermined quantity of water info said carrier gas; and
said microcomputer means operating to measure the amount of a-water in said
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.
A moisture analyzer in accordance with claim 27, wherein:
said microcomputer means calculates the amount of moisture in said sample.
Cancelled.
Cancelled.
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tenperature sensor 25a which is used to nonitor the tenperature of the

mani f ol d heat er 25. The AIDcircuits -57~are al so coupled to the
automatic calibration water injector 26 . to nonitor the water source
for the water injector 26. The controller 50 al so includes

peripheral coRy69einsdde cuits 58 which are connected 20 to thecrwseroosse

m crocontroller 51 via bus 52. The peri pl? al control circuits 58 are used
to control the application of DC power from power supply 75 to each of
t he sol enoid val ves 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 to the bottle heater 24 and the
mani fol d heater 25. 25 Wile the ystemis operating with a test sanple,
the controller 50 conti nuouslygﬁt noni tors the output of relative

hum di'ty sensor 22. Because the -pm-qate of the nitrogen gas through
the sanple bottle 20 is accurat pwn by the use of flow sensor 14
the neasured rel ative hum didy 4 bured by the sensor 22 may be
converted into a tinme ﬂ“épe‘ jate of transport of the water from
the sanple under test. The rate g e 30 noisture release fromthe sanple
under- test may be characterized equati on which represents an
exponenti al decrease curve. In adai$} on, the curve will converge
asynptotically toward a | evel whijcHBt epresents the total of the noisture in
t he sanpl e.

Hiat o ittty el a M
: i ~N
: N
=) H I%
:9-’- H 5 w
) = L
! 1 O i =4
. T EF
' ™~
| o : %8 &
1 T >
i H
[} 1] =
s : 181
: '
\ ! w o
] ) .._lm
) : i
: : 28| N
1 e
[P iR PP, : ﬁ m:I'.:m
S ERE
Om*
> £ o
%o
=0
x
S o v
L A *
- O]
Joef
By

/ 11
NlTROGENHF ILTER -)lREGULATO

SUBSTITUTE SHEET (RULE 26)



WD 97/ 28434

PCT/ US97/ 00959 Thus as the relative humdity decreases toward zero,
the noisture content in the sanple under test will al so approach zero.
By cal cul ati ng sl opes of curves which are derived fromthe nmeasured
data control | o edicts an end point for the curve whi chrerusyre@sesent s

the total anpunt of the noisture contained in the sanple under test. Thus,
a5 predictive algorithmmy be derive@&/3rom which the total noisture

content of the sanpl e under test may be cal cul ated. By wei ghing the
sanple prior to testing and entering the sanple weight into, the
controller 50, controller 50 can directly determ ne t he percent age

noi sture content for the sanple under test. Alternatively, the system can
provide a predictive total weight of noisture contained in the sanple under
test.-10 The vari ous nodes of operation of the system have been
descri bed in operation of the system The controller 50 is programred
by neans of prograns stored in the nory to aggomatically execute
certatn of those nodes. For exanple,} th ontroller 50 may on a daily
basis initially operate in - - Thegn prior to any
test neasurenments being taken, the cyptrpfler 50 may eyecute an automatic

15 <calibration programto operat 3 , system cal i bration”
node. Upon conpletfon of __t alfjfbr & i fhe congroller 50 then again
enters the "systemdry flown"| o nogeg, hhoueq, y the¢ "mai ntenance dry"
node. V\henasarrpleé)ot le 20 1 9 pl aged i th er, the
controller 50 would N al | g ©xkcut ]t ™ sarthie %urge" node
and then imedi ately enffer ihte || he "l|ganpl e t gpto +~Upon conpl etion of
testing, o < 33
| ° 40 ° 36
0 — °
o 0
o o
o ° 35
o
) ’//
o °
o _J Q| 34
yA—
[
20

FIG. 2
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20 the controller 50 woul d again enter the "sanple dry down" node foll owed
by the "mai nt enance dry" node in which it would stay until the next
test is to be run. It will be understood by those skilled in the
arf to which this invention pertains that various nodifications may be
nmade to the i Wgwhs@lsi ve enbodi mrent shown and descri bedrGHUSID0G59
departing fromthe spirit and scope of %Zg invention. It is intended 25
that the invention be limted only by the clains appended hereto.

VWHAT IS CLAI MED | S: 1. An analyzer 1 for determ ning the anount

of a volatile fluid in a test sanple, sai d apparatus conpri sing:

a contai ner 20 containing said sanple; nmeans 25 for heating said
sanpl e causing said volatile fluid to evolve fromsaid 5 sanple;

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

pr edet er m ned flowrate to carry said evolved volatile fluid

t herefrom - a sensor 22 for continuously sensing the

i nst ant aneous rel ative anmount of said volatile fluid in said carrier
gas; and

\g
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10 conputing neans 50 coupl ed to sai d sensor for determning said

vol atile fluid content in said test sangle. 2. An anal yzer in
accordance with claim1, wherein: - said conputing means 50 '
determ nes the tinme dependent rate of transport of said . volatile fluid
fromsaid sarrple tQ determne sard volatrleflurd content. - 3. An
anal yzer in ac BRIEE D) R QN.Q 3 DR sai d conputing
means utilizes [ t Q. cal '
predicted per ceﬁ%ge VO t@ Q? fr{]gﬁ?ong 5"% °§Z\ &@lowmg degailed

An anal yzFr in desczmtﬂmrmeonj;mtnori \mtm}ﬁ dra\dmlgén Wh:jch I}qke reference ﬁﬁmdxam%éd‘&
means utilizes of said. test sanple and changes in sai tinme
dependent rate pere Et\éﬁgcgp;q%n&sl& ﬂrﬁ%’a%&mm@\mym hof said volatile fluid
in said tests Fig, F@ﬂ'xﬁechamcal s'ihematﬁ‘?of‘ﬂ@&éfétﬁr 'a@c&ﬁﬁﬁ%%ﬂi&e‘%ﬁ#ﬁwoﬂﬁe

wherein: . said volatile flurd 1s

accordance wt nnwraiomz wherein: . sal d volatile fluid is water.
7. An analyzer in accordance with clai m 3; wherein: s sai d
volatile fluid is water. 8. . An analyzer in accordance with claim4,

wher ei n: Fig. 2 ilhssirdtey i pirtihFerbis-icstidrba pobe, sample cotainer 4Hd ﬁ’é&?ér%ﬁ'ioﬂ &F

accordance with claim1, wherein said contalner conprises:
septum bottle Zbcsis&%%giﬂ din bottl e receiving said- sanple.

10

Fig. 3 illustrates in schematic form the electronic control an'angement utlhzed in
conjunction with the system of F1g 1.

TAILED DE ON OF THE D

15 The illustrative moisture analyzer 1 is shown in Fig. 1. 'A test sample is collected and
promptiy placed in a septum bottle 20 the test sample remains in the septum bottle 20
after collection and throughout testing. In general, -the analyzér evolves the .vdlatile
fluid of® interest or the water pre‘éent in a test sample into an inert carrier gas which

 flows through the septum. bottle. The flow rate 'of_the gas is carcfully controlled. The

20 carrier gas flows past a relative humidity sensor 22 which provides a continuous

. indicaﬁon of the relative amount 6f the volatile fluid in the gas stream. The hufhid_ity
sensor 22 is a commercially available capacitance type relative humidity sensor. A
conventional microcontroller or computational circuitty 50 of FIG. 3 dynamically
converts the relative humidity' meaéurements 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 humrdrty the mlcrocontroller can predict the total moisture
content of the sample. By determining the weight of the test samplc 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  Inthe illustrati\re embodimerlt moisture analyzér system 1 a dry nitrogen supply
10 is coupled to the system. Althbugh 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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10. An anal yzer in accordance with cI aim. 1; vvherel n: sai d gas

conveyi ng neans 79 conprises a first counterflow tubul ar assenbly 37,
having a first tube 40 and a, second tube 41, said assenbly nsertable

into said M‘H@%F’ idawill condepse ome ‘i?liﬁﬁ%ﬂqm“‘@a?dal&‘agl 7 ngé¢§51
t d |
FPUT Q1 om e Bitstnt® SEMyeniett inghe YGTRisicHlly SRR ResB R L Ay "Fﬁ% %

conpri si ng: measurements fanl relatwetomtemmfstbadvdeumahnd of inferegirin dhe carriangassari
sensor to filter Dart [ (iqﬂ-ﬁlgt

e r.and_vol atilized flu her. t han
sai d vol ati| i zEOPHAUOMY rﬁa@ﬁ? gn&a H@%‘Fﬂrbﬁf polaiies. af gég\‘ ﬁ{tgoé} cguses
12. An anal )52e%olame%mdﬁﬂme%ldﬁl&hﬁamﬂﬂaercwes €] Water, to be collectéhinil SRéredS
ni t rogen. 13. An anal yzer in accordance with clafm'10, wherein: -

said gas conv epuhgnembar removimgthis ogsmhwsofmquefeméhmﬁmemwés .+ AnEniRg now
said gas S ?/1gt 9, oy sept%ﬁ%éﬂl@ 36or container used in the moisture analyzer is shown to be

a glass septum sealed vial which is commerclally avallable 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, controllcd heating. The heater 24 has an
opeﬂing 34 into .which the bottle 20 is placed. The dimensions of the opening 34 arc |
chosen to snugly engage the vial 32 to enhance heat transfer. The heater 24
substantially, completely surrounds the vial 20 except for the top portion of the vial 20.

15  The heater 24 includes a resistance heater element 38. 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 énangement which in the

20 embodiment shown includes two tubes or hyi:odemlic 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 utiliz_és two coaxially
ahgmd tub&c is commerclally available and may be used.

In usmg the monsture analyzer 1, the sample to be analyzed is placed into v1al 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 |
hypodermic needles 40 and 41 penetrate the septum seal 32.
B Turning now to Fig. 3, the bonﬁ-ol system for the illustrative mbisture analyzer is |
. shown in block schematic form. A process controller 50 is used to control operatlon of

30 the moisture analyzer Controller 50 includes a nucrocontroller S1. 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 -
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14. An anal yzer in accordance with claim 10, wherein: sai d gas
conveyi ng neans conprises-a first flow sens®® 14 di sposed upstream of
said first tube, and a second flow sensor 23 di sposed downstream said. _
second tube, said first and second flow sensors each providing signals

I ndi cative of utln ns b
coupl ed to sai %@Yﬁtt ang secc?ﬁ@bmpgrgﬁg%é?aﬁgﬁg "‘BP%\%%@ € S‘Hﬁﬁ? in the
i ndi cation V\heSRAMda.ﬁd s&tsoarchamaleﬂzmgmstaﬁtbom cacly of ahp reEioLs Isehddeél in the
rel ati onshi p. anal zer i n accor vv| th ﬁ£a| m.1 wherei n:

t

sai d conputi ngmr?és&?ﬁ 21, Stoped: Ing Ec ¢ splibsation: histaniraf the
sai d vol at tdlﬁwidhihﬂdﬁ?@ézﬂbﬁ?ﬁgﬂa? bé@io?ezﬁﬁriii’é nof mem’o@* 4 net hod

for determnlngthe volatile fluid CTontent anae corrprls Ng the
steps of: Pepvlmﬂrwgnudbac %hm;lr&ccsfthemwrommnealsl mmadlspma)tﬁ mda

evol ving sald | | e conve

carrier gas t hg%#ig 1@'8 rﬂl%\{ﬂ'esé ‘Pglcéf gg?g% WBH'%F It pymag, mt ace to the

carry said evokystén \for mitidtRigftbsting ol To1HISO 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 information. Analog to dxgual interface (A/D) circuits 57 connected to the

10 bus 52 are coupled to the flow sensors 14 and 23 and to the relative humidity sensor 22.
Throu’gh {A/D) circuits 57 the microcontroller 51 monitors electrical signals produced
by sensors 14 and 23 émd to the microcontroller 51 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 A/D circuits 57 are coupled

15 to temperature sensor 252 which is used to monitor the temperature of heater 24 and a
temperature sensor 25a which is used to monitor the temperature of the nianifold heater
25 The A/D circuits 57 are also coupled to the automatic calibration water 1n_1ector 26
to monitor the water source for the water injector 26. '

The controller 50 also includes peripheral control circuits 58 which are conne_cted

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 apphcanon of AC power from AC power source 76 to the bottle
heater 24 and the mamfold heater 25. _

25 While the system is operating with a test sample, the controller SO contmuously
monitors the output of relative humidity sensor 22. Because the flow rate of the
nitrogen gas through the sample bottle 20 is éccurately 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 ﬁ'anspon of the water from the sample under test. The rate 6f the.

30 moisture release from the sample under test may be characterized by an equation which
represents an éxponcntial decrease curve. In addition, the curve will converge
asyﬂptotically toward a level which represchts the total of the moisture in ihe sa.mﬁlé.'

REPLAGEMENT SHEET

08 FEB 1999

AnERDED SHEET




L

cont i nual nst ant aneous reI at |1¥e anount of said volatile '
fluid |n| m(n ll gas; and > utilizing said continuously
a

sensed re 0 cal cul ate sai d volatile fluid 10 content in said

t est sanpl e. _17. Cancel | ed. 18. A nethod in accordance with claim
16 conprising the SVHATTIS CLAIMEDIS: determning the tine dependent rate
of transport of said volatile fluid fromsaid test sar 19. A

met hod in accor dande Afl #plyzchl fol detevmpiging the amount of a volatile lﬂdnatliﬁstesatnple.
content is cal ct ed percentage of volatile fluid
Bt it -

content. I'n a cordance with claim18 conpri sing:
wei ghi ng said test am;d:mraﬁcdnmlmngsaiadm’pie't est sanple weight: and

cal-culating a volatile f d, caont ent aldtest e fromsai d g
o Hram "9 Lo Sheas ZadE hauie Taid oS causing soid RIS A W eupve RS said
with claimi Gampld:Si ng: col l ecti ng a test sanple of said
material, -said test sanple being placed in-said contai ner immedi ately

after coll ection; anens 79 for conveyipgalcanisr gad 10 thooghi saish container a¢ aipiedstermime
*1 B, a0 . il O M Jfce oMby L 72, A T o
wat er-. a sensor 22 for continuously sensing the instantaneous relative amount of said
~ volatile fluid in said carrier gas; and _ _ |
10 computing means S0 coupicd to said sensor for determining said volatile fluid
content in said test sample. . |
2.  Ananalyzer in accordance with claim 1, wherein:
said computmg means 50 determines the time dependent rate of transport of said
volatile fluid from said sample, to dctenmnc said volatile fluid content.
3. Ananalyzerin 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.  Ananalyzer 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 welght of said volatile fluid in said test
sample. ' '
5. Ananalyzerin accordance with claim 1, wherein:
said volatile fluid is water.
6. - An analyzer in accordance with claim 2, wherem: |
- said volatile fluid is water. |
7. ' Ananalyzer in accordance with claim 3; wherein:
said volatile fluid is water.
8. An analyzer in accordance with claim 4, whmm:
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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23, —K"rrfﬁ’sﬁre anal yzer conpri si ng: _ : a seal ed container containing

a sa - a heater forldheating said container;

qean ﬂ“ﬁ/“lmumcarrl er gas through said container at a predeterm ned
fl ow *ra e,L sdidscafrier gas carrying noisture from sai d contai ner;

-a relative hunjgi tx F‘tg@g)rfo é} VG “Qg tﬁ% 9&%1% AS® S glgtd eﬁsteg& E&ﬁpnsmg the

-

i nst ant aneous rve 0 LA Car e e
m croconput er stqamf coupled to said relative humdity sensor for

automatically - cal cul ati ng an _end point.for transport of moisture from
sai d sanpl e. plAcing afeit sadfiple of 53 &W#W%{E‘E’Wﬂﬂhce with claim23

wher ei n: evo‘lﬁhg ﬂu%ﬂﬁ?é'mﬁh sa?&‘saﬁ’dﬁié' cally calcul ates the
anount of water contain g In sai & san 25. A noi sture anal yzer

in accordan8e wi t hcasivaying2®B carier gas through said contam ét gauedaterniined fow. rate to

26. A noisture a”aﬁﬂ’igyoc}v{'%q‘igtﬂﬁgﬁ”fﬁe?“ﬂoh cl aim 25 corrprl sing:

means for bypa%aé'fyn nmeans for injecting a

predet ernm ned quangérdtinugfly ¥&istig the iidtdntindowstrelati®é adiatint oFdid volatile fluid irSSdidl
m croconputer means operating to neasure the anount of a-water in said 5

carrier gas antRwiergaseeRd ni ni ng cal i bration accur acy of said system
utilizing said continuously sensed relative amount to calculate said volatile fluid

10 content in said test sample.
17. Cancelled. |
. 18. A method in accordance with claim 16 comprising the step of: _
determining 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 prcdic_ted'percent.age of volatile fluid
content. | |
20. A method in accordance with claim 18 comprising:
weighing said test sample to determine said test sample weight: and
calculating a volatile fluid content in said test sample from said weight and ﬁ'om
said time dependent rate. '
21. A method in accordance with claim 16 comprising: ,
eollecﬁng ‘a test sample of said material, said test sample Being placed in said
container immediately after cellection;' and | '
, seahng said contamer after sa1d placmg step and maintaining said container in a |
S sealed state.
22. Amethod in accordance with claim 16, wherein:
said volatile fluid is water.
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27. ' er in accordance with &§ai m 26, wherej 9 9 ALIC (oY)

) : : ' . : AUL 13
sai dﬂmmmmmummans I ncl udes nenory neans for storing m%r%t |%n .
hitst or'y. €28t A ndi stture anal yzer 'in accordance with claim27, wherein:

sai d m croconpyier ' Lle_ampunt of noisture in said sarrpl'e.
said_m cr 9compyL er ATERinE Alatie? bERpilife:

PCT/ US97/ 00959 . a sealed container containing a sample under test: . 16 :
31. A nethod for determ ning the percent of weight of a fluid of interest
in a test sanppieyer for bogtingsaylgontaings; et hod -conpri sing the steps of:

heating the test s ieais o YoRng B e B el d \niainer ot p prodetiribnsd oy
5 interest $50 gatgaaiduagrierigat earrying moisture fiohh sdil @shtaies conveying gas
~through said container to.exhgust said volatile fluid . in_said gaseous
‘state from said co@tiglati¥e humidity sensor providing signals representative of the instantaneous
" relative humidity of said carrier gas; and | |
microcomputer means coupled to said relative humidity sensor for autdmatically
calculating an end poinf for transport of moisture from said sample. | |
24, * A moisture analyzer in accord_anée with claim 23 wherein:
said microcomputef_ineans 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 moi_s_turé analyzer in accordance w1th claim 25 'comprisi_n'g:_
" méa’.ns for Eypaséir.xg:said éénf_ainer: - |
means for injecting a predefennined 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, whereinf
-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.
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(d) co "," g the instantaneous relative anount of said gaseous
state- ”ﬂuﬁm”ﬂmﬁlm d | n sai d conveyinglfas exhausted from said
cont ai ner; 20 utilizing said continuous sensed rel ative

anount to determ ne the percent by wei ght of the fluid of interest in

he step o 37 A sl RS BRCRAACSE o ol Wl el e

pr edet er m ned apgmtuéd:mnpnsmg initiation of said hearl ng step. 33. A

met hod in accordance wi.th clai.m 31 rising the initial step of:
col l ecting said sahiTRaiRFF %W&ﬁaééggl’?arrpl e in said scal ed cont a| ner

from the ti memednsCfet hébfing Qi @ldeke RS 64106\ voIERlc! 4 from saidfurmile;

met hod i n accordance with claim 33 wh a

sept um bot t be. a figs. Oommﬂhwdtubnlaaessemhlwh@mg 8 Hfirst| taberand. avseeors wbe, said

55 010, LK e oy S ST RS SRIG0ES { e

prior to said i siidGohtainier ¥P Y DrediteiniRid fidv YRt dhd Ismaesdcom tubé kruhﬁ!ﬁg said gas
and said volatile fluid from said contamer,
a first flow sensor disposed upstream of said first tube, and a second flow sensor
10 disposed downstream said second tube, said first and second flow sensors each
providing signals indicated by gas flow rates;
a sensor for continuously sensing the instantaneous relevant amount of said
volatile fluid in said carrier gas; and '
computing means coupled to said_ sensor for determining said volatile- fluid
15 contents in said test sample and said computing means being coupled to said first end
second flow sensors to provide a signal indicating when said first and second flows have
a predetermined relationship.
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37. An anéﬁ"yzm for determ ning the anount of a volatile fluid inQaQ@egt?:;?,(

sanple, said appar at us conpri si ng: a cont ai ner al ni ng -
sai d safpl e; nmeans for heating said volatile fluid to gy & éc@%d
volatile fluid fromsaid sanple; a first counter flow (5EaNAr

assenbly having aan t ube aggd ,@gﬁ_ il Ry SR Ghizamion @S SeniigdEgei ng
I nsertable into s ont ai ner, sal | Imiatiopal Bywauc onduct 1 ng a carrl gas
into said cqm'smmommamnmmw mumdnﬁrb ONDER THEPATENR COOPERATION! TRBATY (PCT)
vent [ ng (]3 VOl daltl1 ul u U OITI Sdrg COIlL dl rner

a first ro&" @go ée"spose?mupstream é‘ﬁd"‘f’?‘l"g'i"lf"ﬂﬁﬁi""ﬁm"a secch? ?T%%M
sensor 14 d m downstream sai d secaﬁﬁ Qmmmmﬁluﬁpmd S eGagpd 199k @Y\68.97)
Sensors CM\:II |~JI U\V’: \JI [I'U \J: Ullu} =2 "l JInI\JI UM[ U’ U‘y’ gaS‘r I UV\I I u:t CS;

a sensor iy meakiohd Mipialios NaRkA NY ﬁd‘lﬁ:smﬁsﬁ D&igahfed Biiiese KA, ATTUNAZ, 84, BBAICBR,
volatile{fluid in said carrier gas BY@& €, %EBI@KOEU ¥(GB, GE,
to said oéBEmptgnal FingDatgi n&’%’ﬁ'%’&%ﬁ e fl uﬂﬂlﬁ?ﬁ h’éeg%m
sanpl e:arfjd said conputing neans being coupl Pd t opS 6, R $0, § s@ SK, T, mQﬁbﬁdUA,_
f1 ow senqospriogtypit@vi de a signal indicating mhenueande,nkmmmd%e&mdsn $Z, UG),

08/593 8 ) Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
flows haje 95 Predet P HPHEWG@UIPoNsHED.  E e e R oo

C
GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ,

(71) Applicant: ARIZONA INSTRUMENT CORPORATION CF, CG, C1, CM, GA, GN, ML, MR, NE, SN, TD, TG).
[US/US); 4114 E. Wood Street, Phoenix, AZ 85040-1941
(US).
: Published
(74) Agent: MESCHKOW, Jordan, M.; Meschkow & Gresham, With imernational search repori.
la’.L.C.. Suite 409, 5727 North Seventh Strect, Phoenix, AZ With amended claims.
5014 (US).

(54) Title: MOISTURE ANALYZER

(87) Abstract .

Apparatus (24) for determining the actual and 37
proportional amounts of a volatile fluid (20) in a test l | /
sample is described. The test sample is stored in a 32

| sealed container (31) after being collected and kept in
the sealed container through testing. The volatile fluid

of interest is evolvad from the test sample and a carmier
gas transports the volatile fluid past a sensor (41). The
sensor determined the relative amount of the volatile o 41 -]
fluid of interest in the catrier gas. The fiow rate of the 24
carrier gas is precisely known and is predetermined. A '\\ ° ° 31
microcomputer is utilized to predict with great accuracy 0 ) L/
the actual proportional amount of the volatile fuid in “ -] 33
the tost sample. o °
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