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(57) Abréegée/Abstract:

A system and method for capturing a sample gas for analysis Is disclosed. In one embodiment, the system Includes an
accumulator that has a variable volume. A volume of the sample gas Is fed to the accumulator. The system also has an analyzer.
An aliquot of the sample gas Is withdrawn from the accumulator and fed to the analyzer. The analyzer analyzes a desired

component of the sample gas.
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(57) Abstract: A system and method for capturing a
sample gas for analysis is disclosed. In one embod-
iment, the system includes an accumulator that has a
variable volume. A volume of the sample gas is fed to
the accumulator. The system also has an analyzer. An
aliquot of the sample gas is withdrawn from the accu-
mulator and fcd to the analvzer. The analyzer analyzes
a desircd componcnt of the samplc gas.
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Gas Sample Collection and Analysis

BACKGROUND OF THE INVENTION

Field of the Invenbion

S Blndidl, S S R, . W . S Sl -l 40 4 e &0 % -tk & wmin o

This invention roiates 1o the field of chemical analysis and more specifically to the tield of

aampie was collection and analvsis.,

B Pt Gt

Chemical ailalysis often inciudes analyzing the amouont of carbon or other elements such as
nitrogen in a sarople. Conventional practice for detecting carbon or such other elements in samples
(i.e., solid, sludge or agueous samiples) employs technigues to convert the element of interest 1o a
gas product prior to making the measurement. [or instance, through oxidation or combustion,
carbon in the sample may be combined with oxygen 0 produce carbon dioxige. The gas oi nterest
is tvpicaily transferred to a calibrated analyzer {i.c., total organic carbon analyzer) by which the gas
of interest s measured in & single-pass measurement 10 determine the level of product present o the
sample. Drawbacks include the mability to store a sample for later analysis. Additional drawbacks
with the single-pass measurement include the in.abilin to satisfy a need for muliiple analvses of a
sample. Further drawbacks to the single-pass measurement include no opportunity to re-test after
adiusting system parameters when calibration ranges arc exceeded or detection iimits are not
achieved.

Conventional analyzers use a variety of oxidation iechnigues including combustion
chemival reactions and catalytic reactions to convert target products to the analytical gas for
mecasurement by the analyzer detection system. For mstance, an example ¢f a conventiona
analyzer detector is a nondispersive infrared sensor (NDIR). Drawbacks to current analyzer designs
include the lunitalion of the detector range capability., In addition, direct measuremient systems
drive operational inefficiencies involving samples with a high conceniration of the product of
interesi and generate gas concentrations above the calibration or saturation points of the detector.
Additional inefficiencies inciude samples with concentrations of the product of interest that are to0
low 10 generate gases or with conecnirations above the detection fimit of the delector.

Conseguently, there is a need for an improved process for measuring the level of a
component in a sampie. Fuwther needs snclude an improved process that allows for multipie
measurements to be made on the gascs generated from a single sample. Needs also include an
improved process that provides analyzer designs to operate over a broader dynamic range and be

fauit tolerant to over and under ranging.
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BRIEF SUMMARY OF SOMFE OF THE PREFERRED EMBODIMENTS

These and other needs in the art arc addressed in one cmbodiment by a system for capturing
a sampie gas for ana‘aysis. The system includes an accumulator. The accumuidator has a varable
volume. A volume of the sample gas is fed to the accumulator. The system aiso includes an
analyzer. An aliguot of the sampie gas is withdrawn from the accumulator and fed o the anaiyvzer.
The analyzer analvzes a desired component of the sample gas.

These and other needs in the art are addressed in another embodiment by a method tor
capiuring a sample gas for analvsis.  ‘The methed inciudes feeding the sampic gas fo an
accumulater, wherein the accumulator has a variable voiume.  The method also includes
withdrawing an aliquot of the sample gas from the accumulator. The method further includes
feeding the aliquot of the sample gas to an anaivzer. In addition, the method ncludes anaiyzing a
destred component of the samplc gas.

The foregoing has outlined rather broadly the features and technical advantages of the
prescnt invention in order that the detatled description of the mvention that fotlows may be better
understood. Additional features and advantages of the invention will be described hereinafter that
form the subject of the claims of the invention. 1t should be appreciated by those skilled in the art
that the conception and the specific embodiments discloscd may be readily utiiized as a basis for
moditying or designing other embodiments for carrving out the same purposes of the present
invention. It should also be realized by those skilled v the art that such equivalent exabodiments do
not depart from the spirit and scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiments of the invention, reference will now
be made to the accompanying drawings i which:

Figure 1 illustrates a campie analysis process incleding an accumulator ang a sample
collection apparatus;

Figure 2 illustrates an expioded view of an accumulator having a sample side comprising a
flexible bag:

Figure 3 itlustrates a sample analysis process including a sample collection apparanss and
an accumulator comprising a flexible bag;

Figure 4 silustrates an accumulator;

Figure 5 illustratzs a cross sectional side view of arr embodiment of an accumulator n
which the accumulator is purged by a purge gas:

Figure 6 illustrates a cross sectiona! side view of an embodiment of an accumalator in

which a sample is being added to the accumulator: and

|
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Figure 7 1flustrates a cross sectional side view of an embodiment of an accumulator i
which the accumulator is about full of sample gas.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 iflusirates a sample analysis process § that includes accumulator 10 and sample gas
collection apparatus Accumulator 10 is a sealed device suitable for allowing the transfer of

sample gases at constant pressure. In embodiments as iflustrated in Figures { and 2, accuinulator [0

.’

‘has a seaied chamber 30 that includes a chamber separator 35 or a flexible bag 165, in aliemative

eimbediments as illustrated in Figure 3, accumulator 10 is a flexible bag 165, Accumulator 10 has a
variablie volume by which a variable volume of sample gas 105 mav be contained. 1 15 to be
understood that in Figure b accumulator 19 is illustrated in a cross sectional side view.

In an embodiment as iHustrated 1n Figure 1, accumulator 10 includes chamber 30, chamber
separator 35, sample side 40, and pressure side 45, Chamber separator 33 is a flexible membrane
thal separates sampie side 40 from pressure side 45 and prevents the flow of any gas between
sampie side 4 and pressure side 45, Chamber separator 33 1s secured to chamber 30 by any
suitable jpeans.

Figure 2 illustrates an exploded perspective view of an emboduuent of accumuiator 10 in
which accumulator 10 includes flexibie bag 165, in such embodiment, flexibie bag 1635 is altached
to sample orifice 20 to allow sample gas 103 to How in and out of flexible bag 165.

Chamber separator 35 and flexible bag 163 are flexible membranes that are impermeable by
gas. In embodiments, chamber separator 35 and flexible bag 165 are floxible and impermeable by
cas but arg non-elastic. Without being timited by theory, elastic deformation of chamber separator
35 or tlexible bag 165 may impart varving pressure on sample gas 103, and in sume embodiments 2
consiant pressure s desired in the operation of accumulator 10, In an embaodiment, the constant
pressure 1§ at atmospheric pressure. FPurther, without being limited by theory, a constant pressure is
desired to climinate the number of pumping. measuring, and regulating devices involved with
pressurized systems. Chamber separator 35 and tlexible bag 165 may be composed of any material
that is flexibie but non-clastic.  Without limitation, cxamples of sustable materials for chamber
separator 35 and flexible bag 163 include high density polyethyiene or MYLAR, which s a
registered trademark of E.I. Du Pont de Nemours and Company.  In alternative embodiments.
chamber separator 33 and flexibie bag 165 may have a minimum amount of elasticity. In such
altermative embodiments, chamber separator 35 and flexibie bag 165 may be composed of any
flexible and non gas permeable materials that exhibit elasticity. In some embodiments. the

materials of chamber separator 35 and flexible bag 163 are selected based on the chemical nature of

the gases involved and compatibility therewith.
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As shown in Figures 123, chamber 30 is composed of any materials soltabie for supporting
chamber separator 35, Without limitation, chamber 30 may be composed of scryvionurile-
utadiene-sivrene {(ABS)L pobwarbonate, polymoethyl mcthaerviate (PMMA), ak minugm. steel,
plastic, or anyv combimation thereotf. 1“'i§.u ¢ 4 fllustraies a perspective view of accumulator 10

showing chamber 30 having a samiple oritice 20 and a purge gas onfice 25, Sample ortiee 20 mnay

have any size and configuration suitable for allowing sample gas 103 o be mtroduced and axd

f

aceurmulator 10, Purge gas orifice I3 may bave any size and configuration suitable jor allovang
purge gas o be introduced and exit accumdator 10, 1t is to be understood that Figure 4 tiusirates
one sajuple orilice 20 and one purge gas orifice 25, However, accumuiator 1018 not hmited 1o one
of orifices 20, 25 but instead may include more than one ol gach. In an embodiment as Hustrated
in Figure 4. chamber 30 is compoesed of two portions that arc sccured o each other by secunng
means 33, Securing means 3) may include any securing means suitable for securing the two
poriions 1o gach other, such as screws. Chamber 30 is not imited to the configuration and design ot
Figure 4 but instead may have any other suitable design and configuration for allowing the transfes

of samiple gas 103 at consiant pressure.

As farther llustrated in Figures | and 3, sample gas collection apparatus 15 may mciude
any method and apparatus for collecting a sample gas from a sohid, hauid, or gas sampie. Without
limitation, examples of suntable wethods for sampie gas collection apparatis 15 elude
commbustion, chemical reaction, catabvtic reactions, and the ke, Combustion may be accomplishes
by any suitable moathod such as by a combustion furnace. Figures | and 3 iliustrate embodiments in
which sample gas oollection apparatus 15 is a combustion furnace for combusting a solid sample
83. The combusiion furnace is not limited to the combustion turnace configuration ilustrated n
Figures and 3 bot nstead may include any configuranon for coliecting 4 sample gas,

In an embodiment of the operation of sample analysis process 5 as illustrated in Figure 1 in
which sample gas collection apparatus {3 15 a vertieal combustion furpace, combustion tbe 86
fled mto tlu. furnace and combines with riser tube holder Y5 1o create a combustion chuwmiber
seaied agams{ intrusion of atmospheric air or any other cutside contaminants. (s supply 60
provides a gas 63 to sample gas coilection apparatus 13, In an embodiunent, gas supply 601 2
pressurized gas supply. Gas 63 is any commbastion gas suitable for use 1o combustion of sampie 82,
Without Himitation, examples of gas 65 include oxygen, air, and the like.  In some embadiments,
gas 65 is fed through a valve 70 and flow restrictor 75 theough riser tube, which may control the
flonw of gas 65 to samaple gas collection apparatus 1S, Flow restrictor 75 18 any Hlow restricior such
as a sintered metad £t that is suitable for restricting the flow of sampie gas collection apparatus 13,
In alternative embodiments, sampie analvsis process 3 does not include valve 70 andior tiow

resivictar 75, Gas 63 i3 fod to sample gas coliection apparatus 15 through riser tube 90 t© oreale an
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axygen rich euvircnment inside the fumace in which combustion takes place to combust sample 83,

which is disposed on niser tube 90, Sample gas 105 fows out of sample gas collection apparatus 15
and o sample side 40 of accumulator 14, In some embodiments, sa ':-'mie gas 105 flows through

cataiyst in the end of the combuystion chamber. Sample gas 103 includes the oxyeen from zas 65
and the products of combusuon.  In some embeodiments, sample gas {05 may be passed through
water removal apparatus 110 prior to being fed 60 accumolator 10, Water removal apparaiis 11
may be any device suttable {or removing water or any othier figuid from sample gas 105, Tor
instance, waier rentoval apparatus 116 may be a particulate filier, a condensation wap, or the jike.

A

In ihe emwbodiment Htustrated in Figuee 1, accumulator 10 includes chamber sepavator 33,
embodiments, accumelator [ operates at atmospberic pressure. Acoumulbator 10 has vahve 174
that conects pressure side 43 to vent 120, Vent 120 s a vent 1o the aumoaphere, When sample gas
103 s fod 10 accumuiator 10, valve 170 is open to vent 120, which allows any gas in pressure side
35 to escape accumulator 10 and thereby prevents the increasing volume of sample gas WS in

sample side 240 {rom resuiting i an increased pressare in aceumudator 10, By allowing the sample

f

voitme 1o increase without an increase of pressuse in accumulator 10, sample gas 195 may be fad ©

accumuiator 0 at low pressures. Advantages of such atmospheric accumunlation include allowing

sarapic capture with a mimmuamn number of pasaps, reguiators and Bow controf devices in 1ha

sample feed stream {i.e., sample gas 105). Without iimitation, such additional components, if used.

t
- Kt

-

may lead to interferences {Le., degradation) of the chemical compositions of sample gases andfor
aamage to the dehicate and precisinn Jow control dewy viyeh may be caused by the nature of the
sampie gas streams, Fornstance, sample gas 105 may be corrosive andior particudate bearing. In
altomative embodiments (not tostrated), accumulator 1O mav be operated ar hicher than
atmosphenc pressures. For nstance, a backpressure regulator may be added betwesn pressure side
4% and vent 120 © provide a constant, above atmospheric pressare.  Advantages of hivher than
atmospheric pressures (i.e., compression) jnciude allowing larger sample volume 1o be callectad
with a much smatler contuiner (ic., accumuiator 163,

Prpures 3-7 diustrate adding volunie of sampie gas 143

3 1o an embodiment of accumualator
10 as illustrated n Figure 1 in which accumudator 16 has chamber separator 33, In the embodiment
{}j‘}:! L]

on sampie stde 40, In sich ao eiabodunent, accurnulator 10 has about no volume on sample side

'-d-

¢ 3. accumulator [0 1s substanually Adl of gas on pressure side 45 with no sample gas 103

46 Figure & itlustrates an embodiment o winch a volume of sample gas 105 is being added w
accundator 10 with chamber separator 33 proventing sampie gas 105 from Jowing to presaure side

4%, Frgure 7 dicstrates an embodiment in which accumalator 10 15 abowt full of a volume of samipie

¢ 103 wiili no sample gas 105 flowing out of accumulator 10 through pressure side 45,

B R
’-4
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< further Hlustrated in Flgure 1, when collection of the desived samiple volume ot sample

A

oas 103 is complete, vaive 115 isolates sample side 4 from sampie gas colleciun apparaiuy 10

{i.c. the combustion fumace). Valve 130 is switchad to open accumuiator 10 1o analyvzer 154, and a

4

measured aliquot is pulled from accumulator 10w anahzer 130, Analyrer 130 may pull multipie

S aliguots of the same volume o different volumes of sample gas 105 from accumuiator 10, in some
embodiments, sample gas 103 is stored in accumulator 10 unti] it is desrred for analvsis. Analyzer
150 may include any analvzer saitable for analyzing a gas sample. Anadvzer 130 analyzes a desired
component of sample gas 103, For instance. the analysis may include determining the amount of a
component in sample gas 103, The component may be any desirad component such 8 carbon (1€
< 1y

{0 total carbon analysis), nitrogen (1.6, tota! nitrogen analvsis), sulfir, and the Like. Ip an embodinreny,
analvzer 130 measures the amount of carbon in sample gas 103

Ay further Hustrated in Figure 1, when it is desired that no more of sample gas 185 from

accumulator 10 15 to be analvzed, sample side 40 may be purged of sample gas 103, Purging of

npsde side 40 Includes switching valve 13€ s open sample side 40 10 vent 120, In addivon, valve

I3 170 s switched to pressurize pressure side 43, which purges samiple side 40 of sample gas 105

f*‘igur' i iilastraics an embodiment in which pressure side 43 Is pressurized by the same gas 03 that

fed to sample gas collection apparatus 13, In aiternative embodiments (not dlastrated), pressare

side 45 is pressurized by a different gas than gas 65, Pressurization of pressure side 45 purges

sample side 40 by increasing the pressure and volume on pressure side 43, which reduces the

20 vohane in sample 40 and forces sample gas 105 out of accumulator 10 and to vent 120, Aflter

purging sample side 40 of sample gas 103, valve 170 is switched back 1o vent 120, valve 130 13

switched away from vent 120 and closed. In some embodinents, valve 133 is switched o aliow

gas 63 {or another purge gas) to flow into sample side 40 for a purge of sample side 40, Valve 135

s then closed to the flow of gas 63, valve 130 is opencd o vent 120, and valve 170 is opened 10

285 ailow the flow of gas 63 to fill pressure side 45 and purge sample side 40 of gas 65, In an

embodiment, a timer controls the amount of sample gas 105 and gas 63 ted fo sample side 40 and

pressure side 45 during sample analvsis process 50 In an embodiment in which accamtitator 10
includes flexible bag 163 disposed in chamber 30, the same operaton steps as descrived for the

ahove operation of the embndiment of accumulator 10 having sample swie 40 and chamber

“

0.3
<o

separator 33 apoly, with it 1o be understood that fexible bag 183 cperstionatly takes the place of
both the sample side 40 and chamber separator 33,

e an embodunent of the operation of sample analysis process & as Hlustrated i Figure 3 i

which accumulator 10 is a flexible bag 163, valve 130 15 opened 0 vacuaum 160, and vacuum 164

removes any gas it accumulator 10, When it i3 desired for sampie gas 103 fo be fed to accumulates

]
4
A

1S is fed o

'A

aa? 0."

35 10 from sample zas collection apparatus 35, valve 130 15 closed. gnd sampie gas
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curmigtor )l When collection of the desired volome of sample gas 105 is compiete, valve 115
i3 switched 0 1solale sample gas 105 10 accumulator 10 from sample gas coliection apparatus {5
{1.c., the combustion furnace). Valve 130 s switched to open accumuiator 10 1o analvzer 150, and 1
measuied aliquot 18 puiled frow accwauiater 10 © analvzer 156G, Analvzor 130 may poll nusduple

aliguots of the same volume or different volumes of sample gas 103 from accumulator 16, In somg

-4.

eritbodunents, sample gas 103 is stored in accumulator 10 unti! it s desired for analvsis, When it is
desired that ne more of the sampie gas 105 in accumulator 19 i3 1o be analyred, accumulator 1§
mity be purgea of sample gas 105, Purging of accumuiator 10 includes sevttching valve 130 to open
fexible bag 163 to vacuum 100, winch purges accumulator 10 of sample gas 103, In some
erpbodiments, accumulator 10 may then be flashed by the same gas 65 or by a different gas. in
such embodiments, alter vacwum 160 purges accumulator 16 of sample gas 105, valve 30 s
closed, and vaive 135 allows gas 03 w feed into accumulutor 10, After the desived amount of gzas
63 18 fed 1o acomnulator 10, valve 135 closes the flow of gas 45, and valve 138 iz opened to vaciium
I60, which purzes accumulator 10 of gas 65, In an embodiment. a timer controis the amowt of
sapapie gas 103 and gas 63 fed to accumuiator 10 during sampie analysis process 3.

in alternattve embodiments, sample anaivsis process § mav alse nclode valve 100, which

ey

alfows a backfiow of gas 65 10 prevent combustion wbe 80 from being contaminated with

stmosphenc carbon dioxide. By some of auch aiternanve embodiments, gas 65 may tlow through a
Hlow restrictor 125 before valve 100,

it 18 10 be understond that the cmbodiments of Figures 1 and 3 inchude using Jow restricion

75, 125 10 set umed flow raies tor a knows amount of gas, but that sample analysis process 5 13 not

mited to use of such flow restrictors 795, 123, Instead, an v other desirable imethod mav be used in

Eas |
s
!

combination with ov jnstead of fow restrictors 75, 125, For instance, pressare and temperatare
sensors. heaters, and flow controifers may be used for precise contiol and data fogging purposes.

i alternative embodiments (not ilustrated, sample anaivsis process 3 does not include
sarple gus collection apparatus 13 but instead the desired sample gas 103 o be analyzed is
provided and fed to accumulaior 10 with sample analvsis process § operaling othenvise ag

"l

gosenibed above.

In other alternative embodiments, chamber separator 35 and flexibie hag 163 are elastic. In
such alternative embodiments, sample side 40 and flexible bag 1635 are not fully filed with samnle

HOS, wiich prevents elastic deformation of chamber separator 33 and flexible bag 163 from sample
cas {32 and ailows a constamt pressure i sccwmulator 14
Therefore, sample analysis process § including accumulator 10 provides the advantage of
1

reguiating the amount of sample gas 103 passed s analyzer 130, Additional advantages inciade tho

abiﬁty 0 store sample gas 100 for analysis at a laior time.  Further advantages provided mclude
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adjusting the size of samples (J.e., the aliquots) fed to analyzer 150 as well as allowing repeated

samples of the same size to be fed to analvzer 150, For mstance, in some embodiments, smalf

abiquots of sample gas 103 mayv be desired for analysis for high carbon content. and large aliquots
of sampie gas 103 may be destred for low carbon content, Consequently, sample anaiysis process 2
provides a reservoir {i.e.. accumulator 1)} to provide a broad range of sample sizes for a multitude
of measurements.

Although the present invention and its advantages have been described in detail, it shouldd
he understood that various changes, substitutions and altcrations may be made herein without

departing from the spirit and scope of the ivention as defined by the appended claims.
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CLAIMS

What is clabmed is:

A svstem for capturing a sampie 2as for analysis. comprising

an accumulator, wherein the accumulator bas a variable volume, and wherein a volume of
the samplie gas s ted w the secnmulatorn: and

ant analvzer, wherein an aliquot of the sample gas s withdrawn from the accumulator and
fed to the analyzer, and wherem the analyzer analyzes g desired component of the sample gas.
2. the system of clayn 1, wherein the accumulator compnises 2 chamber, and wherein the
chamber comprises a sainple side and @ pressure side, and further wherein the sampie side conams
a variable volume of the sampie gas.
3. The system of claim 2, wheren the chamber comprises a chambey separator that separates
the sample side from the pressere side and prevenis How of gas between the sampie side and the
pressure side. and wherein the chamber separator comprises & flexible membrane that s

nvipermeable by gas.

4. the sysiem of claim 2, wherein the chamber comprises a flexible bag that prevents flow of
sarnple gas 1o the pressure side, and wherein the Hexibie bag is impermesble by gas.
3. The system of cliom 20 wheremn a vadve allows the pressure »ide to be open 0 the

atmosphere wien the samiple gas is fed o the sample side.

o

&, The systermn of claim 2, wherein a purge gas fed to the pressure side forces the sample gas
out of the sampic side. and wheretn a valve closes the sample side 1o the analyzer and opens the
sapie sude 10 a vent 10 atmosnhore.,

7 The system of clum 1, wherein the accumulator comprises a flexible bag that s
impermeable by gas.

8. The system of clanm 7, farther compnising a vacuum, wherain the vacuum remaoves sample
eas from the flexible hag,

G. The svstem of claim &, wherein a purge gas is fed to the flexible bag to purge the flexibic

bag after the vacuum removes the sample gas from the flexible bag.

4. The systom of clanm 9 wherein the purge gas is removed form the flexibie bag by the

vacyum,

L The systern of claun 1, further comprising a saople gas collection apparatus that collects
the sampie gas from a sample.

12 The system of cianm 1l wherels the sampie gas collection apparatiz comprises a
combustion furnace.

13, The sysiem of claim 1, wherein the svstem is operated at atmospheric pressure.

-t

4. A method for capluring a sample gas 1or avalysis, comprising:
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{A) teeding the sample gas to an accunulator, wherein the accumulaior has a variable
valume:

(B;  withdrawing ap aliguot of the sample gas from the sceunmidator:

(1)) teeding the aliquot of the saimple gas 10 an analvzer: and

{1} analveing a desivad component of the sample gua,
150 The methed of claim 14, wherein the secpulator comprises a chambey, and wherein the
chamber comprises a sample side and a pressure <ide, and further wherew the sample side contans
a variable volame of the sample ras.
i 0, The method of claim 13, further Comprising separating the sampie side fom the pressure
siée with a fiexible membrane that s yopermeable by gas o prevent flow of gas between the
sampie side and the pressure side,

The method of claim 13, further comprising preventing a flow of sampie gas o the pressure

‘w4

sice with a Hexibiv bag that is impermeable by gas,
18 The mothod of claim M. wherein the accuamulator comprises a flexible bag that i
ipermeabie by gas.
19, The method of claim 18, further comprising purging the flexibie bag of

VALY,

20, The methed of clum 14, [urther comprising operating the accumulator at atmaspheric

PYESSUTe,
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