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55 . The invention furthernore provides processes as defined in
respectively elaim4 and claimb5._1n th rocess of the present invention,
_a starting conpressed gas contaJrFrl %ﬁéh tibl e vapors and particles is

" passed through a flow system The rom1systen1used conprises sinple

geonet r'a aRIplbGPicn HhiGRR @ygl E%nam&@ a;; %EP%&"%%& Eggﬁﬁaﬁd
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of at | eparticldd@Vthwistaling dvepfesdd/gay/ St em sur faces. The tenperature of the flow
system surfaces is then controlled to retain col'lided vapor nol ecul es on
t he surf BBIES DESORIBTIONGOFCRHE RiGURBSCes a product 5 conpressed gas which is
free of condensabl e vapors and contains the spectra and concentration of
parti abes df mplaccomplgip tappreciationpl e inventioraand BRAY BF tORBORINPIIvERAgES- willHie BadBURES
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for this particle analysis fromconpressed gases of pressure greater than
48, 26x [err] PRa (700 psi) because particles generated from condensible
_vapors during pressure reduct i onEaBQ %g%ﬂy orders of nagnitude nore
“numerous than the original particles (Figure 1). Another inportant
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el ect r o- pat isséol dnswalenal tﬁeudmm,sioﬁﬂoem&i&hth &r ghslMOleculs afe ¢r@eé angagniude Jdrger thad he
term " sitiopd &f pagielesiFor example, the diffesibnicoefiiciedi foadiemblbaes ish@ tecrii?lsOVwessys 000052 d0
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conpl ex digmetedt ry. The polished, clean surface of the flow systens used in
this inv erﬁcPQ!ﬁ"Qbaﬂ‘ 9'9'hf"°‘19aﬂ°¥ iwith éhesth@dﬁ“ﬁg; ®ychy highat for yanpremeleculap thep fr s
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252 B1 %‘B%V@HP? U‘?\'&I va or I emovi ng pr ocess (usual referred to as
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conventi ible with particle sanpling and
angl ysi s psclfrt |'8'f’"°¥ in Iaml{lar ﬂ%w %anTBe c?lﬁergég}r%\ound gaseg treated i nrrpt hi g

i Quen}i gg haupk e WI@(OFKQfOOﬁ'; | east 0.01 5 am The invention selectively
renoves cgan¢depgidy xg(_y for K2l ol es Wi thout affecting the particles in the

gas stream It 1s wel nown t hat the diffusion coefficients for gas

nol ecul ghrergtr € Orders of magni tude | arger than those of particles. For
exanpl e, tge plid for@iurdatugeoef ficient for air nolecules is 0.19 [err] versus
0. 00@b2 [ & &]DLiNOQH parettasgurssiof 0. 01 [err] dianmeter. (Note: 0.01 [err] is
cur r ent wheré Das pwe aliffusiaracostficiont,r L hé b lenfth,0@ tr@cilow 0ste, M) thaywidth b8 Islit, andaDithe

parti cl eeigdvuitheestis. The di ffusion coefficient decreases further with

i ncr easi nJaples 1 it [3distitha roelision. éffickogyoindd roghd, fube Ifop veripu$ itubb dengths,flpwentes; ani t h

t he. t ubdiffusign|cgsfiicientsLithe rdnge bicdiffusion coptiicients copére mast gemméntrentauntered venoc $pesies. For
cORveni Ehelast il off @hehnieble findicates tesdiffysionfoss of BAt ym( BFliclea.sTheHessf deqoesep withf ¢ he
speci es'“é"Pasi"\QtPé'ﬁ'@!%F'zet hat collide with the walls. 15 By proper selection
of flowrate, tube geonetry, and tube length, it is possible to devise a
systemwi th negligible collision efficiency (e.g., 5% for particles
greater than 0.01 [err] while having nearly 100% (e.g., >98% collision
effi & ency for vapor nolecules. The collision efficiency in laninar flow
can be calculated from20 CE = 5.50 KJ[err] -3.77 Kfor K< 0.007 CE =1 -
0,819 exp (-11.5K) for K > 0.007 where K = DL/Q for round tube 25 K =
DLW QH for rectangul-ar slit where Dis the diffusion coefficient, L the
tube Jength, Qthe flowrate, Wthe width of the slit, and H the height of
the slit. Tables 1 to 3 list the collision efficiency in a round tube for
various tube lengths, flow rates, and diffusion coefficients. The range of
di ffusion coefficients covers nost comonly encountered vapor species. 30
The | ast row of each table indicates the diffusion loss of 0.01 [err]
parti4el es. The | oss decreases with increasing particle size. 35 40 45 50
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55 4 . EP 0388 252 Bl Table 1. L =30 cmQ (L/m = 1 5

10 .20 D [err] 0.2 0. 987 0. 642
0. 459 : 0.334 10 ER 0388 252 B1 0.897 0. 459

" 0.334 0.268 0.05 0. 709 0. 334 0. 268
0.222 0.0005 0. 048 0.017 0.011 0. 007

. (0.01 [err] Table 2. L =60 cm20,Q (L/ ) _= 1 5
10 20 D (cn2/s) 2gh3339—£= Q?'o?% cm 1. 000
0. 844 0.6%42 S A5e—6—t 6987 0. 642
0.459 0.334 8. t%/m) = 1 6 897 10 _0.459 20 0.334
0.268 30 0.000 2 0. 075 0. 026 0.017 0.011
(0.01 [err] 35i¥é§$e4%% L = 90 cm 40 (Q(L/m = 1
5 10 9.2 20 Q[swr] 0.2.642 0.459 013990
0. 932 0. 763 0.560 45 0.1 0. 998
0. 763 10 00580 0. 4DBYT. 05 0.459 0.334 0.9813268 0. 560
0. 400 0.299 0. 0005 0,097 0. 034 0. 022
0.014 50 0.05 (0.01 [err9-7Pfe predett?t procksd68 et ai fa22Re col | i ded

vapor nol ecul es ;0 e tube S oby coptd.al | ing,t wal I .5 enperature.
Wien vapor nol e(?gpgggmj i dew\?md'toﬁat he \/\g'lc{g the b @(’:ul es °ﬁ§9175ti ck or

reboun@ dependi ng upon the physical and chemical interactions occurring
bet ween the vapor and the colTectron surface. Conventional purification
process rely on the adsorption properties of the collection surface to
ketain vapor nolecules. 5 EP 0 388 252 Bl In the present invention the
styckijpg probability of the COF—?—}E-JGE—F&} nbl 8c¥ @i s increased by decreasing
t he surface tenpetrattre—AS—the—stHFace—tehrperattre—desreases——
systematical ly, dif@etlei®) Specids of trade vaporslfan be se2®ctively
renoved. The tﬁigergg %:re control can be obtained by a nechanical
refrigerator o < voir of dry ice or liquid nitrogen. The suitable
tenperature ranges |ie between boi | g g 4P0i Nt g ¢ th to be

sanpl ed and theglgwest boi | i ng' t|g?ignt ofd ?%é cond?a(rjlgs‘?%l e vgﬁg?g to be
renoved. In thegpresent inventd.987 at Ile#l2z a pooidssn of fphessurface
sufficient to trap the condensi bl e vapors nmust be cool ed. The invention
further provide8-@5process for®-88&ntifyA-#39% he sheti4es of OvaApdr inpurities

iW.cyI-’»‘Pnder gases ter trapp an ade te anpunt_ of vapor_ inpurities,
heat ed, cl ean ggg%%f{u% be di B’é@?gd thro‘@é% "5.017 0.011

35

Table 3. L = 90 cm

U/
© Q (L/m) = 1 5 10 20
D (cm2/s)
0.2 1.000 0.932 0.763 0.560
45 0.1 0.998 0.763 0.560 0.400
0.05 0.963 0.560 0.400 0.299
0.0005 0.097 0.034 0.022 0.014
0 - (0.01 um)

The present process retains the collided vapor molecules on the tube walls by controlling the wall

65 temperature. When vapor molecules collide with the wall, the molecules may stick or rebound depending

upon the physical and chemical interactions occurring between the vapor and the collection surface.

Conventional purification process rely on the adsorption properties of the collection surface to retain vapor
molecules.



the tube to desorb the trapped vapors. Fourrier transforminfrared
spectroscopy (FTIR), gas-chromatog- 10 raphy (GC), or other instrunments can
be used on-line to identify the EPR3A2H1 the trapped vapors. Figure 2

- shows the schematic deS| gn for the application of sanpling partlcl es from
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