SYSTEM FOR PRODUCI NG PRI MARY STANDARD GAS M XTURES
BACKGROUND OF THE | NVENTION Field of the Invention
w0QOwnp4sihe present invention relates to a sysPemuUanm6/018264
apparatus for the preparation of |ow concentration
primary standard mxes . The standard m xes of the
present invention are utilized for calibrating
anal ytical detectors, such as mass spectroneters, and
for analysis of em wmfﬁ shi@n chambers and
process tools. DPRHHRRT GBHWE ; [ Q002] The
demand for | ow towcem-rat-rm'r—pr—l—n‘a- Fd gas
m xtures in the range of (100-1000 parts per billion
(ppb) ), is incrBaskeBoUNDaorurhEer INVENPdOgt ri es. O
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bypecess tNeblsdn, Gas M xtures Preparati o_n and
Control, Lew sPubI i shers, Ann Arbor, M chigan (1992)
One is a

Description of Related Art

[0002] * The demand for low concentration primary
standard gas mixtures in the range of (100-1000 parts
per billion (ppb)), is increasing in a number of
industries. Of particular interest for environmental
emissions testing is a mixture of nitric oxide in
nitrogen, as environmental regulations become
increasingly strict.

[0003] The need for supplying gas with UHP purity
levels has led the industry to develop analytical
techniques for measuring gas impurities. Advances in
gas analysis instrumentation in the same range of
impurities as would be found in typical gas analysis
instrumentation has led to increase demand for low
concentration primary standard mixes employed as
calibration gases.

[0004] Currently, low concentration Primary mixes
are prepared by two methods as described by G.oO.

Nelson, Gas Mixtures Preparation and Control, Lewis



static mxture, where a volume of the desired mxture

is generated and then contained in a cylinder at
weizblsar4diow or hi gh pressures. The m xture is PCT/US2006/018264

subsequently utilized for the particul ar application.

Anot her is the dynam ¢ mixture where the conponents of

interest are introduced inte & streamof purified

di l uent gas at essentially atnospheric pressure, and

th eSEhedsCORRAN on r The nlxture is
thgggafter ignsunegggéka g%ﬁhgggg 3599 % foP an’®

an%F?H@allﬂl?{ﬁ’é,rﬁunwhere p00OB:mEV e the jealized MuRBELe

d d trol the dynam c
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214 952 ﬂ#scloses a calibration device uti Ing a
1ptd
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m xtures, and sanple gas, a gas
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225 dlscloses a systemfor the dynamc
da% %Hfon ofl l? %%%t?%??%lﬂ?%na?%etlé%n@%Wﬁ@
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calibration systens described in Leggett et al and

R TSR R 2512 | Gl krea tpleammezas ofext LmesarmMytmsa;lf | ow
comd iy for the dynam c addition of the conponents
of interest to the diluent gas. [0007] Sone of the

dr Q9K s a@m dtted yeatrs tehensttadd oMindtH®Id b€ been

o B B s rer R S G 8 (e Rhe ¢ he
stca:mj:mi—xér@@sdﬂ Xlitere SOt EXHP B 1 uent gas. 1In this
regard, Leggett et al in U.S. Patent No. 5,214,952
discloses a calibration device utilizing a series of
highly accurate mass flow controllers to provide rapid
delivery of ultra high calibration gas mixtures, and
sample gas, to a gas analyzer at elevated temperatures.
[0006] Ridgeway et al in U.S. Patent No 5,661,225
discloses a system for the dynamic dilution of a high
concentration analyte containing gas for calibrating
analytical detectors. The calibration systems
described in Leggett et al and Ridgeway et al include
permeation tubes and mass flow controllers for the
dynamic addition of the components of interest to the
diluent gas.
[0007] Some of the drawbacks associated with the
static mixture related art includes the number of
sequential dilutions necessary for each component added
to arrive at the standard gas mixture. For example,

the uncertainty in the final concentration increases



the uncertainty in the final concentration

i ncreaseswith the nunber of dilutions. A s such, in
woheoorieksabed art it is necessary to have a m npaumSefo6/018264

three dilutions to generate a primary Standard at

concentrations bel ow one part per mllion. Miltiple

dilutions can also deleteriously contribute to the

contamnmi nati on of the process as exposure to the
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[0009] It is another object of this invention, to
utilize a permeation device, as a precise metering
device to dispense minor components directly into a
cylinder for a predetermined period of time, thereby
allowing to weight traceable back to a National
Institute of Standards Technology (NIST) standard.
[0010] Other objects and aspects of the present
invention will become apparent to one skilled in the

art on a review of the specification and claims

appended hereto.

SUMMARY OF THE INVENTION

[0011] The foregoing objectives are met by the
system and apparatus for the present invention for

producing primary standard mixtures.



provi ded. [0013] The system i ncludes providing a gas
per neati on devi ce having constant diffusion rate into

wa 20@npenat ure control |l ed encl osure; connecti NBCAUS2006/018264
supply source of a conponent to the perneation device;
routi ng the conponent fromthe gas perneation device
to a product container until- & desired anount of said
conmponent in the product container is reached; and
suppbybng a ha f-puLi L g th oduct .
coﬁtaingr to og?g?%ng E%oénkgggge%%PégFoﬁ%o %go&ﬁgﬁgﬁﬂon'
i nat agsseanfardpyadumirgupeimh@Q14taAcaetdbag t@xdures is
sgégggigégect of the invention, systemfor producing
standard gas mxture is provided. The system i ncl udes
prooomdhg anThkt sasbe@hi RUILEYsSPUEGEafAL & gageous
coqgonent; conmuni cating the gaseous conponent via a
cOnetmeat6CR PevheEat eviidavierstaspodeffiitrian rate into a
t RS 0 ncl osure: diffusing.the
gaseougiﬁ%ﬁﬁgngéég%%?gﬁghg?ﬁzo%%Fﬁéa??%ﬂeag%Fgeaaﬁprly
r ef@Vieg df f4 userdponaponenat thbepetnoatidal Euerbay £ohting
a jpr edet er m ned ferio of tinme the diffused conponent
to A protucteRy I THoBr ths a9 combnetianddepéaer bacai ng
t hers@icpoisit2ihel ance: Pfa Pasi{ied gasuhs del byeged

froma high pressure source to the product contal ner
i FYMREICEy bhtlEla Rredovh contehtent i vnredcodpomedt

I Nad r 1 xture, . [0015] According to
an otﬁl;%rﬁarg% gagtﬁ%?%?%é;‘ &lgn\fgelﬁ ]f%Jﬁe Hppa? a‘?%% g?’é?duCt
prasuuTs intepri oreslyt atra red dtitb e Scdi.od it 85t 4 Sn P OVESRSbnent
T@g ﬁgﬁar t us iqiludes a gas perneation device having
constant HiFIRTD PR e vsed in a tenperature

cornomi]l ed enedasimg; @5 Wl SRUTES AL GoamuUnl cat i on
W th the gas pernmeation
invention, system for producing standard gas mixture is
provided. The system includes providing an ultra high
purity source for a gaseous component; communicating
the gaseous component via a conduit to a permeation
device disposed in a temperature controlled enclosure;
diffusing the gaseous component through the permeation
device and removing diffused component therefrom;
delivering for a predetermined period of time the
diffused component to a product cylinder via a conduit;
and upon reaching the set point a balance of purified
gas is delivered from a high pressure source to the
product container in order to obtain a known
concentration of component in the standard gas mixture.
[0015] According to another aspect of the invention
an apparatus for producing primary standard gas
mixtures is provided. The apparatus includes a gas

permeation device having constant diffusion rate

disposed in a temperature controlled enclosure; a



device to provide a conponent; a product container to

receive the liquid or gaseous conponent fromthe gas
woeoosaiiion devi ce; and a supply source of purPETAS20a918264

in conmuni cation to the product container to supply

t he bal ance of the gas and obtain a known

concentration of conponent Lngthe standard gas . BRI EF

DESCRIPTICN OF THE FI GURES [0016] The invention wll

be bet understood by reference to the foll ow

fi R Y %ﬁ%?%?nln[%quynr?@tlQHWM%Eh Fb?ua?ﬁapéggaatlon
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Fig. 2, illustrates schematic view of a systemfor
catébetive nghst Ahdatd gasgasgous esOMDRFARE EDrom the gas
CRI PTI ON THE | NVENTI ON [ 0019] T ohiects.of th
CRERETOR OP CISULBRb TeRed HUPHEY e R erene b tt Pl Bas
appar abmsumbht£H1iohovd deBe apsbiigbe sbepapnepatat sappdf the
a static primary standard gas m xture with mninma
operbRBee| Bif eF@nerenandhebsyih et BRPBySCRCGRETACIon Of

pe&gﬁg% - devi ce. havi aqdiffusion rate which can be
contr #gﬁ to sta? aytﬁ?% a ?ange around a const ant
set point . [0020] The systen1|s desi gned to produce

oncent rati on AR IRRE RO Bs BB Jrdmt | g

cagooes] gas 'Dlﬁedihvléﬂtlogeﬁ@lm by batukiranliegbtpuodi by

for and a doped quantity of the approgrlate i mpurity
orrahargees genehal Folppvindefidadrast i HaP¥SHR: gaseous

CoppePept | fﬁigpu%pwﬁféhoilgagtPaeégng goakyLtLedle view

instrunents erein utilized he terns "carrier

gast, a"petrweat iotipdeviced gad" and "purified carrier

ggi%%@éfggglélzfg§lntiiﬁggggggglgcﬁema Egrvggwtg% a
system for calibrating standard gas mixtures.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The objects of the invention are accomplished
using a system and apparatus which provides a single
step preparation of a static primary standard gas
mixture with minimal operator intervention. The system
employs a gas permeation device having a diffusion rate
which can be controlled to stay within a range, around
a constant set point.

[0020] The system is designed to produce such
calibrating standard in the form of a low concentration
calibration gas mixture of the desired carrier gas or
diluent, generally in ultra high purity form, and a
doped quantity of the appropriate impurity or analyte,
generally provided as a ligquid or gaseous component,
for purposes of calibrating analytical instruments. As

herein utilized, the terms “carrier gas”, “diluent”,



generating the primary standard gas mxture. Likew se,

the terms "analyte” and "inpurity” are enployed
wonberiekmangeably to refer to the liquid or gaseouas2006/018264

conmponent added to generate the calibrated standard

gas m xture. Calibration equipnment is used to certify

the purity of chenicals used to -neet the requirenments

of the electronics industry, or to nonitor the

emvsg| r senl-EoR QL pr .09 %ui nent, ...
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L€ i i cal i.n_th of about 10
ppaefarabahenbhe BRAVBFY: erdpry Hodar 9ebpbero obewise,
ppbhe[ 8824 Yenplovedeahhe nREaSIALY 5§¥ekm%ﬁ8¥eguch

precision and consistency in the preparatio
pr i HRFYCReBATAPYY gBe Kekedr kS, thRelagpadabusghseous

deebaneneho PAUITESLANLEILILRS 01008 OLTOLE oor ca

liquid or gas conpone _ | _

si gkeuseep. C@Dﬂlzﬁaatmxét h@uemg?gt nest uséhgégr téttﬁgteiw the
' tion device i S providec

gleﬁg%’é% §F KPR GAbE S o E%n‘ﬁ%ﬁ%n?ﬁ?srﬁﬁBWQ@GHFS of

t helei al edheoRes geahdQa: eV &£ ngﬁ@ﬁf?oﬁ Qﬁéygﬁﬁéggons

medi a 212, for _exanple, a polynerlc.po ytetra
| ﬁ?%‘%t%‘?‘?%@%ﬁb@h@m@e%\smmmpm@aﬁ oautanebiles,

t OReLat i t u f. the device.. Exenpl ar ,
Ipﬁﬁid 6?E§§g%&us(%%%%d%§% SthtFdduc a%ﬂwdgg?%§ fration
t Frfugte thienpist neatdarecley | combaigd il e 1€ A IO N SPAOX: U8
carban di oxide,, nitric oxide, dinitrogen oxide,

m?ajt{a 1@ Y Tk P i Pk eEs B e pieal 090 ppb,

avaid ahier ampiie SBAge SPYHS (LN dd WK n- Tek
L org?gries, pﬁé?.The gagggﬁs conponent contacts a
maellk‘)P(ppéHe and @ REQyEsts dwly perersRms tdwalught orecision

'“§H373555¥863ﬂ5§1in the preparation of such primary
standard gas mixtures, the apparatus is designed to
provide static mixing of one or more liquid or gas
componénts with the carrier gas in a single step.
[0022] In the embodiment illustrated in Fig. 1, a

permeation device 210 is provided that delivers a known

amount of component is provided therein. The
permeation device contains a permeation media 212, for
example, a polymeric polytetrafluoroethylene tube
having a known permeation rate at the operating
temperature of the device. Exemplary liquid or gaseous
component introduced and diffused through the
permeation device include carbon monoxide, carbon
dioxide, nitric oxide, dinitrogen oxide, methane, etc.

The permeation devices are typically available as the

Trace Source™ from Kin-Tek Laboratories, Inc. The

gaseous component contacts a membrane and the gas



conditions. [0023] Typical high purity carrier gases,

which may be utilized in the apparatus of the present
wonvenkeam i ncl ude nitrogen, helium argon, ai PCT/US2006/018264

oxygen, carbon dioxide, etc. On the other hand, the

| ow concentration |liquid or gaseous conponent (i.e.,
t he anal yte) can be chosen frdnranong carbon nonoxi de,
carbon di oxi de, nitrous oxi de, mnethane, hydrogen

f | abevie, phydeages ehienbHea abgbehharLpe,
heg:(gfl uor oet hane and sul?ur hexaf ?uor?ge?lg?%. [ 0024]
Dep2Rd hy°BR- t he particular |iquid or gaseous

copporEnt utii-hzesh r tion device is heated to

a predeteyniﬁ@% ten&%$§?5§%9?€yo%?5fﬁeﬁ ofgtanyiich may
di%e usk bhi zed eln THis , apherali spensi #ige tﬂ)ﬁ@séﬁ@”lx?@@rﬁtion
pelfrg@ﬁ%)rhq?v& ce |sl_IL own and the exact mass of the
conponen ai TTUSEY f Yhe PEHRatd BhH, dexyeen carabson
caintiated.etdd. t m anal Y18 dsS ¢ I QL hase. the .
pr.edet.e mnedtemmrMngﬁéfjﬁﬁééﬁﬁ 3%%f§ﬁ??ﬁ¥ﬂ@on
v&ﬁzﬂu E¥s TS Inemmmporienty anal yiee anth henge d4e be
preessdre did; R S the pernmeation nedia to
obtain a corﬁrgtearant di%&ﬂog%oﬁno %’%‘{e['ocﬁfﬁ%% Fixigiher
hélﬁai,rqws 1o den almpttdaing i myﬁ_ﬁﬁ@rerﬁﬁﬂ%riﬁies,uwc%ogen
c%%hggg&e(no%d§h§&n s provided upstream of the

per nmeati on devi &8 Cand Sy hdeprddspressharise apchoridntr
dékxe¢ledrtidet herper meati on device is held at a

pr[ﬁggtzrm ned | evel to establish a constant pressure
di flnce REpesdinfeopethearavh icnlardild gs0dasrt Gaseous
9

ConmonnentPUs S kefle HY BP-Brhaafi Orvace acabearsa to
 AePrEedehedmaned tempandtapastanbptaygl o BBﬁgﬁ%ﬁgly
NEAE 2L Pon PYa BUCCPLAY, ey peyTEal ed, component Tanal yt e
permeation device is known and the exact mass of the
component diffused from the permeation device can be
calculated. If the analyte is in liquid phase, the
predetermined temperature is utilized to establish the
vapor pressure of the component /analyte and hence the
Pressure difference across the permeation media to
obtain a constant diffusion rate.

[0025] On the other hand, if the analyte is in vapor
phase, a supply cylinder (not shown) is provided
upstream of the permeation device, and the pressure of
the component delivered to the permeation device ig
held at a predetermined level to establish a constant
pressure difference across the permeation on media so
as to obtain a constant diffusion rate. The analyte
concentration at the end of permeation media 212 ig

maintained at a low and constant level, preferably near



the carrier gas to the product container. [0026] More

specifically, and with reference to Fig. 2, a system
woanospzerdaici ng a primary standard gas mi xture, PCI/US2006/018264

accordance to another enbodi nent of the invention is

illustrated. The | ow concentration primry standard

gas mxture is generated by -biBerdi ng known anounts of

carrier gas and the anal yte. System 200 i ncl udes at

l e on ..an V] h iver,s_a.known,
Rt e R
detheecaustebegesl tbr ahedpbpduhe menubaatur.er/ vendor

| tant Kr Lffusiqon rate. For this ,
Lo ribake, 2 CHREbIbekRon G ushan, Late, For his i
wi bh &heysearorert prwBhehnkt a Beahalt E@F?géggfﬁ%%t

tenperature and maintain it for a known time, t
r eHBVEUFE, ahl deFghdamhe Wwei ghotlekf embpdemginti dédthy

th N L0k i h iffusion rate at that,
teﬁ%ggggg?é Qg[gg§§%t%?g?gz igﬁ?ur?WeF°8§ﬁngﬁgaoﬁﬁth

r espéwéryospandaedngas mixture whegentheranabyt B1kfding
nitrous oxide, ver, it will be understood by those

Ho .
SKFPPEY PHOYRES aPt, CRR&E S hP3S s§REehiifagnBéY el | | SEdtem

mﬁ2@0aﬂﬂcpﬁdégeaafPé§§€n&ﬁ@“ﬁé:ﬁ@ék!&ﬁsdéOchaﬁEbeEBat
gases. A source 230 of ultra high purity nitric oxirde

i sARfl spesede UsRevRaRTOinpep freblne oandbytee 208tandlip, the

flui [ ' herew t h, regul.at or_232 on the

s ﬁﬁ?&?lne ﬁ%?%%ggnéugﬁgb%u%%}§bﬁ?g§§3?¥ Eﬁéabout 50
psnanafacfuxes/vawdpr essuyLeDd & heoRbt&he RXGEL diffusion
sgp lied to perpeation device 210. Perneation device

[

el o T SnRTEReFR B mARRERet peeRAueneer will
defi T8 1% M-t @k NRde i (L oSl SRl Y WRGACIEY pear it
enclosure at at enper ature
to a constant temperature and maintain it for a known
time, then remove it and weigh. The weight difference
divided by the known time gives the diffusion rate at
that temperature.
[0027] Fig. 2 is further explained with respect to
producing a mixture where the analyte is nitrous oxide.
However, it will be understood by those skilled in the
art, that this system may be utilized with any of the
aforementioned analytes and carrier gases. A source
230 of ultra high purity nitric oxide is disposed
upstream of permeation device 210 and in fluid
communication therewith. A regulator 232 on the supply
line maintains the supply pressure at about 50 psig and
fixes the pressure of the nitric oxide supplied to
permeation device 210. Permeation device is enveloped
in enclosure 220, where permeation device is maintained
within a closely monitored enclosure at a temperature

of about 100°C. Separately, through a small orifice,



of about 100 C. Separately, through a snmal

orifice,nitrogen gas at sufficient flowate to sweep
woheostieapaonent is continuously provided to per REAISZV6/018264

devi ce 210 through a getter 240 disposed on a line.

The getter renoves inpurities in the carrier gases,

whi ch ot herwi se m ght react -woth the anal yte. The

nitrogen gas added has a negligible effect on the

%ﬁE?ngn ﬁ%grncreaégggagggcgp¥g%§u%e a%ﬁggggﬁﬁts

|ncpmpdnentcyblﬁdﬁtlﬂaausEyrphevldEHlﬁop9EEm@atQBn device
nrtrogeﬂ gas provi ded to Eerneatlon devi ce 210,
contPi biFeeIRo?t HBLE&FaR4R 6fSHPERE RPgR piREty The
ELgen Qéﬁ U ' LYgr r ;
%lnder O ég Hﬁb?%%tgﬁg ¥§e€g|fgagg§e?hgg5%%’ which
pe@hberweﬁedmwghe 2¢@¢tawdthstbenaeyé¢tEO praduet t rogen

Cy"nd65§% Ol t?oﬁgé?g9¥§L %ggﬁgggng 8e3?é§3F§Oﬁorate

|noﬂsﬁerM@éU§oﬁ3@eV§cé|Q§6d éﬁdtMé£¥91§5in? apgnegnto
vent the analyte. This procedure mai nt ai ns
sté%?¥?%§eo%nt%%CbgFﬁﬁﬁﬂrénwhevhceesﬁhésaﬂnomsoﬂuﬂt

M XyU{L3el 02 HE prﬁﬂkgﬁgrongﬁfgaggféioﬁ o aﬁlEngeﬂegas

appropriate diffusion rat naln al nrng
Idesomideﬁatqtpermeatnegldgvbte anountohtrebutés tbethe

c of n|t i Cc, 0Xi 0. .5g/day or |ess These valves

?8a% 21 Lot @7 o %ﬂnﬂg 5% %%5%0%?€s§%%e bipasely
\Am@hlmédi ot  e@NbBpdNEt ey hen@as. passi ng

Erethrough [0029] The nass of analyte delivered to

Bluct 251 FhRIernT &Y kdowhl Graws ro@ghryerm@mon
) DN NS S S S TR 8 B0 oy

the delivery time (the t1 e v

r egiedn iy theldesis@dndi ghdsimg pratkass zyb i ager2800,
%ﬂ%ﬂé%%ﬁly, when permeation device is not in use, wvalve
230 is closed and valve 250 is opened to vent the
analyte. This procedure maintains the stability of the
permeation device, and allows for mixtures to be
provided on demand (i.e., at the appropriate diffusion
rate), while maintaining the loss of analyte to a
negligible amount (i.e., in the case of nitric oxide
0.5g/day or less). These valves may be selected from
among any high pressure valves, which would not
contaminate the gas passing therethrough.
[0029] The mass of analyte delivered to the product
cylinder is known gravimetrically, from the known
emission rate of the permeation device and the delivery
time (the time valve 230 is open). Upon reaching the
desired weight in product cylinder 290, valve 230 is
closed. Valve 260 is opened and the balance of ultra

high purity carrier gas is supplied to product cylinder



cl osed. Valve 260 is opened and the bal ance of ultra

high purity carrier gas is supplied to product
woybicndenW - 1 0 - 290 fromthe carrier gas supprfs2006/018264

source 270. The mass of added carrier gas is

determ ned accurately on scale 280. Based on the

diffusion rate of the perneat1%n‘deV|pe, the tine

necessary to deliver the requisite weight of analyte

t o2bhefpondune eykinder gapdstipg1FRssuetet Bopadded
bgl nc pof carrlgr gas,gthescggcgﬁtrgtlgn of "t nENFi Rges
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trati j erm : follo N c = *

100 R et o L AP BE B her ne BB EaLion

ti devilaei nghehi The vatves230yi 50086Di vaL-NYheSrlqTisite

copponent iffusion rate, g/ mnute w = weight of

carri rtg%g,a%%?%%%oToTﬁ%?c%ﬁ%%%??a?thn@%Veﬁn@ahhbemass

{ aof omed dyda 161 Bc@So i G280 PG BUNALEd BYc oy et o

altering the tinme pernmeation devic _10 'S al'lo

di ¥ Hdrgel Hiel amiartiee toaprioducaloylane@r 290. thist he

eweLy Wi n tion range js desired, the
oper aatllia%'g L?Ig&rrrpiglra urfgeélgcferbe1f%3a off e T cah be
cHandenvs This woul d require a perneati on device
calibrated at two different tenperatures. o
AIternatbvel&ilfhel@equ@&gon devi ce can be nodifi ed
SO as to eithér increase or decrease the surface area

t her eof , cwhiasmosotkdtion byr wetdiangebivhe per meation
char act eki stdige during which valve 230 is open, minutes
d = component diffusion rate, g/minute

w = weight of carrier gas, g
[0030] The concentration level can be tailored by a
factor as high as one hundred by altering the time
permeation device 210 is allowed to discharge the
analyte to product cylinder 290. In the event a wider
concentration range is desired, the operating
temperature of permeation device 210 can be changed.
This would require a permeation device calibrated at
two different temperatures. Alternatively, the
permeation device can be modified so as to either
increase or decrease the surface area thereof, which
would in turn change the permeation characteristics
(i.e., diffusion rate) of the device. If the device is
in use at one temperature, then it will be
heated/cooled to yield a different but known diffusion
rate at the second temperature. During this transition

period valve 230 will remain closed and valve 250 will

be open.



(i.e., diffusion rate) of the device. If the device is
in use at one tenperature, then it will be

waeeatcaddaool ed to yield a different but known #CTfussioenis2e4
rate at the second tenperature. During this transition
period valve 230 will remain closed and valve 250 w ||
be open.[0031] Overall, system 200 may be controll ed
t hrough the enpl oynment of a programmabl e | ogic

. _Th I t r.ol
EndCRSH et CEEkP B oAl R hdy SobaPnBet Cbb CrRA sECEnroush

andhthemplldi/inean of angkyheaimhbbliheopriedeehteyhhader
tined accurately. Thereafter, the PLC would perform
thgg&S cefitr &t FERPEERE Ul afhEn¥alve geaterdn, thgscaminder

20Q-HRY Q@aHQH5f&§9’b&°ihg8£U98 fnBuEge !BHB’tﬁQeéﬁdition
moi sture and oXygen are nonitored. | n this Tnstance,
f orfexnapyee theoPtlewpubduptr gglipdeem:2608d andurately.

by- i od i on of analytes into the prodyct
oy TRERER E R T 1 PRt Ebnt AN RaEEFEYE) £ PPedpngantkac on
acceptabheibayel sS1hi a8dithefs bH8Reh028BPhay AehiBRified,

pressure_squrce of nitrogen carrier gas, such as tank
27BCdiBpo4ed AoRHEERebimef VherpemabAthsR dadi eaygen are

r oM eb 0 p u ind 2
PR SSReT, o oPRgaClo el DEO kR L ke 0,
nuwerbdspways sysbem 200t hendehbedasenthe fatredasplien of

h lib d dar d I Xt . '
TR LT EORpORERT S0 DRRATGT o6t {HIGFGBRCED FRBI ement

t htonsysieamt al SWaDEr rOf ched MBat PP dexi €85-240 (ray  be
provided in £arallel. Each device diffuses a '
pat e uFRRn ah@l BPR) whikhhighrpueedure sherpeodicnitrogen

CuLieety e SRGIELEL WL 700 S LECASIA A0 o

ofthe permeation device, provides the balance of gas to
product cylinder 290.
[0032] The system described above, can be modified
in numerous ways. In a further embodiment, for
example, the calibrated standard gas mixtures can
comprise multi-components or analytes. In order to
implement, this system, a number of permeation devices
210 may be provided in parallel. Each device diffuses
a particular analyte which is routed to the product
cylinder. The operator will monitor the system and
ensure that the various analytes do not backflow out of
the product cylinder 290 to which they are delivered,
either sequentially or simultaneously.
[0033] In accordance with another embodiment, system
200 may be configured to dispense the analytes to a
number of product cylinders 290 in a sequential manner.
Therefore, a number of product cylinders containing the

same calibrated standard gas mixture can be generated



t he product cylinder 290 to which they are delivered,

ei ther sequentially or sinultaneously. [0033] In
weacowridanige wit h anot her enbodi ment, system 208CTag2(06/018264

configured to dispense the analytes to a nunber of

product cylinders 290 in a sequential manner.

Therefore, a nunber of product2cylinders containing

the sane calibrated standard gas m xture can be

gengrage s I ' ofs pner.

ensﬁrght Eggggﬁ ﬁgggo¥r?HQSE§ bﬁ%%hgg ' PuP cgﬁe
beaachieegd by phacbaglbaaheﬁrgdscmlgyhradeénobeaachleved
i ndi vi dual. scal e rder tipngternine t he bal ance of

caf¥iRB a§é§9n8€8958F9 et Gy 8Ty eBoghRi FedivRatathe

scakg1vhi ¢h HEMePet8”EEQ¥§Q1hQCEngb§§9H§E'8f“@¥§r er gas
scal e and | oad cel | bal ances, which may be util |zeé In

cORfoneERrvr- wi Lh Whéle€ recegnt et thetoubeaspeteswbich

roce 4 a8Ysl escr n.Fig. .2 of
tﬂﬁa?n§§n§a%lg§§$ lﬁ tﬁg?uagsng%Xﬁ FﬁaagtgPﬁ wWorH

reaserbnbelmcébe vﬁ;nllbnv\mag B¥anpleizvhi €A b&njhAWRYEh,
to be construed as limting the invention. EXAVPLE

[o%%*sl]l The BWnﬁPycgflsﬁaér‘da?@a@uﬁ 2FBPECHe’f r BhRaBreEeSS.

t orde9appb bynueigbtoqf xi de ).inea
n'trOQGﬁ (N 2) n1gtu?e d?%%£%§?§l%ﬁo§§%K)2 8%t he

cohporehiPanal Y1 ebeasustbppt i ddstvibegeinedétanl devthe
fusk rate of 367.mcr m m nut e at

ot e %0 e ERTLGH o oo i1 B B8 Bpbeo e Ve

anabtytieo i Ik ocPprethiraédcys i ndeit 299 vas cal-extabgd as
foll ows: [0036] The product cylinder holds 300 cuft at
NTP. The density of nitrogen is known to be 32. 86

g/ cuft at NTP. EXAMPLE

[0035] The primary standard gas mixture desire was
set to 100 ppb by weight of nitric oxide (NO) in a
nitrogen (N;) mixture. The nitric oxide
component/analyte was supplied to a permeation device
210 having a diffusion rate of 367 microgram/minute at
100°C. The time necessary to provide 100 ppb of NO
analyte into product cylinder 290 was calculated as
follows: \
[0036] The product cylinder holds 300 cuft at NTP.
The density of nitrogen is known to be 32.86 g/cuft at
NTP.

Therefore, 300 cuft of N, = 9858 g at NTP

ppb wt = gNO/9858 gN, * 1E9

g NO

Il

100ppbw * 9858 g N, / 1E9

g NO 0.0009858 g or 0.9868 mg or 985.8
micrograms
The permeation device was a 57 HA model having the

above stated diffusion rate.



Therefore, 300 cuft of N2 = 9858 g at NTP ppb wt =

gNQO' 9858 gN2 * 1E9 g NO = | OOppbw * 9858 g N2 / 1E9 ¢
wOIR006/104009858 g or 0.9868 ng or 985.8 m cr ogramasIiee/018264

pereati on device was a 57 HA nodel having the above

stated diffusion rate.[0037] Thus, -985.8 m crograns /

367 mcrograns / mnute = 2.87 _m nutes or 161.22

seconds to provide 100 ppb of analyte to product

I d 8 I | at .
CUHE e T 0P ERS SrE ST | he 3 britgSans Y/
Cyrhirmﬂ@é 299, sé%%m@é@twﬁ 95 ddeokad ik ﬁ&vﬂ@é 100

m xture was determned. [0039] A s aresult, t
car@e i a&trltédrytm t@@:fmqlmad:t nextimdenmas cal cul ated as

f * wh b
el GEST o rS STHEC g WY cir VE Ve DT Ben

Mxﬁfded EheS ONPONeih ¢ f sl wie r otee @reduet ecyl fnder
i ght of carrier gas, g [0040] Thereafter, the
ba?%(hcéil’tﬁ* q@l%%rm%w@raso%%h%r%}Jd%at%%sﬁemlxture
c r dard gas m xture was forned via a
s%%%cﬁm%%@% thout diluents. [0041] Cearly, a
pr[(im?r%/] st arkaral Jga‘suht xtthe ¢enpeoivraieton hebughe afinal
ic mX, dvvlt drrulthgjejg dilutions . [0042]

Wﬂ”r}étlf]ﬁee "I’?’ﬁ/e%"?]r%?\ ?1%% been ¥ibed in detail with

reference to specific enbodi nents thereof,

*
c = t+d * 107°, where
w
¢ = concentration by weight, ppbw
t = time during which valve 230 is open, minutes
d = component diffusion rate, g/minute
w = weight of carrier gas, g
[0040] Thereafter, the balance of N, carrier gas was

provided, and the calibrating standard gas mixture was
formed via a static mix and without diluents.

[0041] Clearly, a primary standard gas mixture is
provided through a static mix, and without multiple
dilutions.

[0042] While the invention has been described in
detail with reference to specific embodiments thereof,
it will become apparent to one skilled in the art that
various changes and modifications can be made, and
equivalents employed, without departing from the scope

of the appended claims.



it wll beconme apparent to one skilled in the art that

vari ous changes and nodifications can be nade, and
wequicwaksant s enpl oyed, w thout departing from PO/ USCOEO18264

of the appended clains.Wat is clainmed is : 1. A

system for making primary standard gas m xtures,

conprising: providing a gas-pegneation device having

an approxi mately constant diffusion rate into a

t enpe aturelcontroLqu encl osure, - connecting a supply
soB@%ﬁé%#iéiiﬁﬂﬁﬁﬁkﬁﬁ'to the perneation device;

routingithe gogperent FbroMalki@cdas iRRETERL:ARGRY e
to a product container until a desired anmount of said
coMpBRENESI nCORRTpEAAGcet contai ner is reached; and

supplying a BaLgaae.of -PUCK! 1ed.Eas ;ba WG ROMEng an
contai ner to obtain nown concentration of conmponent
i napbeostandalyg gasstbextude ffuzionThatsydtnem af C ai m

1 wherein the te ature iin the tenperature in the
CoREPBEF B SR FOBEr B e aPRIENER const ant . 3 . The

system of O abAhiceinBereipbhs cemperert xS Bhiohent to
oxi de, and the bal ance of purified gas is nitrogen. 4
the pgsmeatePnCHhgivice;, wherein the component

éelected fro r i.sting-0f c on_nonoxi de, .
car bon dioxigé?ggpgrgﬁg %%l§8§eégtﬁ%ﬁg,%%%dﬁgﬁeﬁermeatlon
f | deviide, tbydr pgetuehl epndeinarduahbior bndesired amount of
hexaf |_.uor oet hane andgiulfur hexaf | uori,de and m xtures

t hER&Ef COMBOneRfie 18y EPEPEPIEChi PRt IRREr éFn teRENed; and

bal ance of gupplying a balance of purified gas to the
product container to obtain a known concentration of

component in the standard gas mixture.

2. The system of Claim 1, wherein the
temperature in the temperature in the controlled

enclosure is maintained constant.

3. The system of Claim 1, wherein the component
is nitric oxide, and the balance of purified gas is

nitrogen.

4. The system of Claim 1, wherein the component
selected from the group consisting of carbon monoxide,
carbon dioxide, nitrous oxide, methane, hydrogen
fluoride, hydrogen chloride, and chlorine,
hexafluoroethane and sulfur hexafluoride and mixtures

thereof.

5. The system of Claim 1, wherein the balance of

purified gas is selected from the group consisting of



purified gas is selected fromthe group consisting

of helium nitrogen, air, oxygen, carbon dioxide and
wangwn2451% . The system of C aim 1, wherein theckuse/ 018264

concentration of conponent in the primry standard

m xture containing purified gas is in the range of

about 10 parts per billion tgmbout 1000 parts per

billion. 7 . A systemfor nmaking primary standard gas

m xtures, copprising:.providing an ujtra_high_purity
soﬁ?géumornbggg%ﬁ§’c%ﬁ%on@ﬁYg? coﬁﬁﬁ#?@a@?ﬂ lgﬁeand
gagegys. conponent via a conduit to a perneation device

di sposed in a tenperature controll ed encl osure;
di ffusi ng the gaseous conponent through the perneation

device and fﬁﬂgvéfgtémdb%f8§§9m° ?p8989&i£h€£§fk88hn
deliverirng the ditfused conponent‘to a produc
cytondent ¥eaiancofidubhpbnena phnetdrtepninadypethndant
time; and uaon reaching t he gredeternined peri od of

t i FeXEUbal aneea HF L par PRFe1§asIpe 48l fheFBR FRBARPACT

hiQBo@E?ﬁ@“ﬁ&r@QUﬁéﬁ EQllBSnPEQdHBBuEOEb@bnférkﬁ %gger
to obtain a known concentration of conponent in the

sthhabbidngas mixture . 8 . An apparatus for producing
primary standard gas m xtures, conprising:a gas
perneati on devi ce having constant diffusion rate
di sposed. i n A gespenatdremakbhsoplketlaenckbatdardagas
sugglg source in comuni cation with the gas
xtures, comprising:
providing an ultra high purity source for
gaseous component;
communicating the gaseous component via a
conduit to a permeation device disposed in a
temperature controlled enclosure;
diffusing the gaseous component through the
permeation device and removing a diffused component
therefrom;
delivering the diffused component to a
product cylinder via a conduit for a predetermined
period of time; and
upon reaching the predetermined period of
time a balance of purified gas is delivered from a high
pressure source to the product container in order to

obtain a known concentration of component in the

standard gas mixture.

8. An apparatus for producing primary standard

gas mixtures, comprising:



perneati on device to provide a gaseous conponent; a

product container to receive the gaseous conponent
wobnaw ki gas perneati on device; and a supply BOTUS2006/018264

purified gas in comrunication to the product container

to supply the bal ance of the gas and obtain a known

concentration conponent in thesptrimary standard gas

m xture . 9 . The apparatus according to Caim8,

further conpr|5|ng gg am.| og ontrol er QL +
conputer to RoAPToPSA W% it apply &
cogp@festionagavel Hiapokba bal an@empferauwfel edn@asl1:Q;

The agparatus according to Claim8 , wherein the
pr 8§FaRFP&EGiic controller or conputer is enployed to

ffectuate t h t
?heegu:rjlaf Iee dggsﬁ%ﬁﬁ} sbLRRLt B8 AbhH3ed630R0RERE ke gas

permeation device to provide a gaseous component;

a product container to receive the gaseous
component from the gas permeation device; and

a supply source of purified gas in
communication to the product container to supply the
balance of the gas and obtain a known concentration

component in the primary standard gas mixture.

9. The apparatus according to Claim 8, further
comprising:
a program logic controller or computer to
monitor and control the supply of component, as well as

the balance of purified gas.

10. The apparatus according to Claim 8, wherein
the program logic controller or computer is employed to
effectuate the switch from the diffused component to

the purified gas.



