which is very likely at =low flows wnless all particles are very mpall, This method
can also be used on ducts too small for the usual procedurcs. It ia mnecessary to
Imow the mressure or temperatura in the duct, but & correction must be applisd for
gy difference in conditlons of Ilow measurement in the main ge.a stream and ths
sanpling gtream.

Detailed directlons for dugt sampling in the rangs of concentrations and particles
sizes ocourring in coal-fired furnace stacks are given In the ASME FPower Test Code 21
(1941) =nd other publications,22

Thus, 1t is essential that the gas velocity in the sampling tubc be tlhe same ag
the velocity in the duct. Tkis is most often dene by meking the statle pressurcs
oqual. BSeamples should he taken at scveral points across the cross seccbion of the
duct, It is slmpler, but much less reliable, to sample at a single point (the point
of mean veloclty)}. In thie cage, the proper sampling velocity can be calculated fyonm
the Flow in the duct and relstive crogs sectional areas, Sometimes this method is
necessary in very small ducts.

Sampling in Pilot Plants

In addition to the dust-sempling experiments made in the laboratory on amall con-
trolled gas ebrcams, hundreds of dust detcrminetions have been made during the lest
S ¥years at varlous polnts on a amall greification wnit, which gasifies 50 pounds of
coal per howr (fig. L) and also on 2 large 500 pound houwrly capacity pflot plant :
(fig. 5). Complete detalls of coustructlon, operation, and results on the smalle
unlt were glven by Seba.stiangﬁ_/ and on the large wit by Strimbeck and Sclmidt&éiﬁ/ :
The Annual Reports of the Secretary of the Interior for 1950-52 give more recemt Inform-:
atlon, Alsc, tests are cuwrrently being made on three never pilot plants, including =
high-pressure, coal-gasification unit,

The previous discugoion refers to actual ssmpling of the gus stream., Removal
of the golid end liguid impurities from the sample gas stream and their examinstion
will be discussed under geparate headings,

The dIfficulties characteristlc of pllot-plant dust gampling were encomtered
8t nearly all points, Ducts were necesserily too mmall for traverses, velocitles too
low to use the statlc pressure method for obtalnilng equelity of velocify, and pipe
lengtis wsually too short for good seapling lncatlons,

22/ Wostern Precipitation Corporation: Bull. WE-50, 1951,

23/ Sebastian, J. J. S., Edburn, P. W., Bonar, F., Bonifield, L. W., and Schmldt, L, D.,
Leboratory-Scale Work on Synthesla-Gas Production: Bursau of Mineg Rept, of
Investigations 4742, 1651, 41 pp,

24/ strimbeck, G. R., Holden, J. f,, Rockenbach, L, P., Cordiner, J. B,, Jr,, and
Schmidt, L. D,, Pliot-Plan{ Gasification of Pulverized Coal with Oxygen and
iighly Superheated Steam: Bureau of Mirnes Rept. of Investlgations k733, 1950,

1 pp.

25/ Schmidt, L. D., McGee, J. P,, and Sloanc, M. C., A Pilot Plant for Gasifying
Powdered Coal Entrained in Oxygen end Steam: Chem. Eng. Prog., vol, L4, Ko, 10,
October 1948, pp. 737-Thh,

26/ Strimbeck, G, R., Holden, J, H., Rockenbacha, L, P., Cordiner, J. B., Jr., and
Scmidy, L, D., Pilot-Plant Gasification of Pulverized Coal with Oxygen and
Highly Superhested Steem, Am. Gas Assoc, Tech. Papor PC-5C-11, May 1950, 64 pp.
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An additiomal difficulty - plugging of the sampling tube - was Irequently
encovntered when partly purified gages containing liguld water mixed with the solid
mpurities were sampled., The cleaning wlre shown in figure 6 made 1% pogslible to
obtein samples under these conditiocns, but the resulits were Inaccurate, Use of
this wire was a wige precaution even when no plugging was noticed, because 1t was
felt that a partial closure of the tip of the sampling tube might occur wlth no
mdication of 1ts sxistence.

The plug-type shut-off valve in the sampling line 4id not ¢log. The valve was
psed fully open, and flow control was obtained with a screw clawp on the clean gas-
1ine. On the smallsr plant the moisture problem was satiafactorily selved by
Fpeating the main gas stream until definitely wnsatwrated with respect to water

: yapor, &8 shown In figure L.

High Temperature Sampling

4 The most useful rssults on grsificatlon units were obtained from ssmples of
the hot, raw gas leaving the top of the generator before any meterial was added or
remcved, Fortwnately, sempling at points of high temperature prescnted less
#fficulty owing tc llguld water in the sampling streem. Since the gas entered
the sampler at ‘temperatures over 1,500° F., all weter In the duct wes present as
vapor. The temperatire at the outlet of the sampling tube depcnded ocn the rate of
ge8 Tlow through it. If too low, liguid water would condense In the tube; and if

o high, the cooling flagke would overheat and llgquld water would enter the filter.
Bovever, the rate of flow of gaa In the sample stream could not be verled for this
urpose. Since it was necessary to use the flow that glves eqhal velocities inside
‘and cutside the tip of the sampling tube, ihe temperature of the gas leaving the
tube had to be controlled by altering the dlameter of the tip, This additioral
Pootor had to be considercd in determining the proper sampling-tube dlemster. With
e eguimment shown in figure 6, it was found that a& f£low of about 15 sid, cu. %,
‘per hr. allcwed the gas stream to leave the sampling tube at an apprepriate tem-
Perature without cverheating of the flagks and consequent water deposition in the
filter,

It ig impertunt to note that, wnder these conditlons, moiatire sampling weas
mevely gus sampling end was not affected by the errorg mreviously mentioned, which
pbly only to the sampling of materials szisting as sollds or liguidg in ths gas
treem, Therefore, the determination of moisture was far mors accurate than the
.Augt determination made simultaneously,

Owing to the slow gas flow and high dust loeding, occasiomal clogging cccurred,
ven though no watcr condensed in the sampling tube at the top of the generator;

vever, uze of the cleaning wire usually permitted Immediate resumption of the

Llest, Ccemsionally it was necessary to clean the sampling tubs ty blowing back

ith compressed gas. BSome of the plugging might have heen mrevented by reducing

t_}_ie dismeter of the sampling tube immediately above the inlet to Incrsase the velocily,
bt this would not have prevented clogging at the tube tip where the velocity could

0t be changed since duct velocity had to be used. Hlgher duct velscities In large
weuld probably eliminate this diffieculty. No such clogging occurred during

f the sampling cxperiments in laboratory investigaiions.

Sempling tubes of 25-20 stainless steel proved satisfaciery for mogt of the
j;Sh-temperature tests in which the gas entered the sempler at a temperature of
‘8wt 1 6000 F, tut falled in one scrics of tests at approximately 1,500° F. A

sed-gilica tube was gubstituted, These difficulties wers encountered cnly when
frude or slightly purified synthesis gas was sampled. Samples of highly purified
Agey were obtalned without difficulty.
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Thus sampling, and especially selsction of samplIng point, Is the most
important factor in dust deberminstlon, Thig ig frequently very difficult,
especially In smell plants, Equal velocity in the gempling tube and the duct 1g
sggentisl,

SEPARATION OF SOLID AND LIGUID IMPURTTIES FROM
THE SAMPIE GAS STREAM

Many methods commonly uzed to remove dust from gas streama for snalyticsl
pwrposes were gtudied, Most promising were thermal procipliators, sedimentation
cells, cyclones, electrostatic precipltators, Impingers, snd filters, Thermal
precipltators require extremely slow flows but have been used in some cases for
dust determination.Z / Sedimsntation cells are generally used as absclute labors-
tory methods, but the principle was found gatisfactory for removing the bulk of
the dust and all condensable moisture from cruds gynthesls gas. Condensation of
water on the dust perticles Inoremged the effectivencas of the method. The method
of sedimentatlion was alsc umed for determining the degres of dust agglomeration in
the gas streem. Details are given wunder "Particle-Size Measurement "

Smell cyclones about 2 inches in dismeter wers found valuable for grosgs dust
removal from highly contaminated gases to relieve the losd from the following filten:
They were not effective for particles ameller than 5 microns and geldem could handle’
mixtures of solid and liquld impurities,

Electrostatic precipitatora are very efflclent, but smell sizes for enalytieal :
purposes_@ﬁ/ were conpldered hazardous for highly combustible gases,

Implngers of various types are used extenaively in industrial hygiene work,
oapeclally In the field, because of their speed and convenlence for particle counts,
In synthesis-gre-production resesrch, however, 1t was felt that welght concentration
is the more gignificant messure of gz2s purlfy. Although in the work described
impingers wers uged for tar and gum determinationg most solid and 1lguid separations?
were made by fliltretion.

I

A lﬁ.I‘?B number of earlier devices for dust removel have been described by
Enowles 297 mhe relative merits of different methods have been analyzed and
evelunted by Drinker3O/ and Stafrmend 31/ A recent summary and bibliogrephy on the
Industriel hygiens aspects of the subject is given by Forbes3®/ and szlsc in the ‘
Alr Pollution Abatement Manual,33

The removal of solld and liguid impurities from cruds and highly purifisd _
aynthesls ges presented o entirely different sets of problems and will be discussed
in the following paragraphs,

gg/ Brendl, J, and Grive, T, W., Jour, Sci, Ingt., Vol, 28, 1951, p. 21, ]

28/ Drinker, P., An Inexpensive Precipitator Unit: Jour, Ind, Hyg., Vol, 1k, 132, .
P. 3064, _

29/ Enowles, R. R., Dust Determinations in Alr and Gagos: Trans. Am. Scc, Heat.,
end Vent, Fng., Vol. 25, 1913, pp. &67-98,

30/ Drinker, Philip, and Hatch, Theodore, Industrial Dust: Mclraw-Eill Book Co.,
N.Y., 1836, p. 130.

31/ See work cited in footnate 16, pp. 21~30, and Appendlx ITT.

32/ Forbes, J. J., Review of Literature on Dusts: Bureau of Mines Bull, 478, 1950,
333 pp.

33/ 1952 Manufacturing Chemlsts Assoclation, 15th end H. Ste., NJ,, Washington 5,
b.c. '
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The desired methodi rop possidle, Te mcowrate
‘enough Tor meter?al-halayce calculaticns and give samples suitahile Tor any dezired
examination of the dust for theoretical or confrol pirposes, Methods 8uch as are
“desoriked by Altier:34/ eve not applicable +o

s¥ynthesis ga8, whlich contging Tower
jppurities of the {ypes cormen in industrial gases,

ramoving impurities should, 1f

A the rsw sjmthesis BHS contained 20 4o 50 percent mo istrre
to remove lhe dust at & temuerature above the dew poin+t
louid Impurisi

it was necessary
185 simuiltaneously, mTx

or to remove pglid apd
<8 1atter method was used on rroduvet stresms
from goslfieapg opsraving at afmospheric Irsssire, but the former may prove o be
more catlalsctory Fop testing strcums frem the new h50-p.s.i.g. ressure gasifier,
Glase Tllter cloth may be DSoCessary to remove lmpuriiies in both C4se", as proposed
by Westbtern Frecivitation Co.ﬁj/

Ihe eyulpment az Tinally developed ia shown in
figurs 6,

The gas enterg o sarpling tube of sueh diame
In the first recsivern. Tre temperatime in the in
bove 212 F, 4o Prevent moisture cendensatio
the ahutoff walve

ter that molgture condenges inttially
iet ture 4o the first flagk ig helad
L up o thils pointg, 14 was found +thet
shown rugt be of plug type, with an opening ¢f the asme 3ize ag the

- fubing to wrevent clogglug, It mugt be used fully open and the Tlow controlled with
the gerew clamp placed after the Filter. The entrance point of the cleening wire wag

made gagtizht by vasging the wire through a hole pmched In the side of g piece of
Aaboratory rubber tubing, sa shown.

Orilginally 300-m1, Erlenmeyer flasks and 10-mmg ; connecting glagg tubing were
used to collect the dust and condeoused molsture, but Irequent clogging occurred,
Tater 22.mm, connecting tubing wes vaed with satisfactory results, This reguired
wide-mouth but Uightweighl tottles or flasks for recelvers, Cne-pint fruit Jars
were also uged cecasicnally, They ere sturdier (en important factor when working
In the plant) but heavier then desirable fop welghirg cn an analytical bralsr.ce,
There moistire and dugt receivors arc kept in s bath of ice wetor surrovmded by
Inguietion, Three Dlesks are encugh toc prevent llguid water fron entering the
Subsequent T ller at a gag Tiow of 15 cubic Fect Der hour op lese, cven with Lo
PPrcent moistwre in the £85. Water weakens the filter peper in ths Tilter tube ang
.0T%en decrseges the capaclty of the filtey by cau

layer of dust,

sing high resigtance with a thin

—_— .
Flilters

To raaove the remeiring dlat paper Soxhlet extrection thimbles were uscd in
the glass hoelder iute ghown in Tigure 7 or im the metailic bolder tube advoceied by
Rezeapay Corv.3€/ sms iatler s very heavy bui can be used wnder rresgures ae high
&8 100 P.9.l,g. Leas bygroscopic filter medimg, egpeninlly alundum, porcelain,
fd poroug stainiess stegl plates, were also used occasicnally, When used on ervde
BRes, theso filter medivms had ths cdventags thet priocr removel of melsture was not
?reqﬁired aod molst dust could be welghed ag it actually existed in the s slream,

ere Lo be 100 DeErcent ef‘ficien‘t, gven for extremely

S%lrmend37/ roung stellite £ilt,
¢l dug ermine the efflciency of other filtering materialg,

ts, and used them to det

T

J
1
Asace., Lo

*jg/ See footmole 2
35/ Regearch Corp., Bemmd Sroock, N,J.; Tech, Bull, 3-E,
31/ See work cited in footnote 16, o, 31,

Gas Anolysis end Testin

’ & ol Gaseoug Materiuls; Ist
Lexington ave., N.Y,, N.Y
2.

- ed., Am, Gas
-5 1845, pp. 431-ism,

'd

..9...



All devicss described above have rather low capaclties, In some cmses the
Tiltoring capacity could he Iincreesed somewhat by locgening the leyer of dust by
physlcal means, dut generally = larger filterlng srea was required, For this
reason & larger holder device using filter peper (shown in fig. 8} wes developed,
Its use 1s especlally advisablo if only & few determinations ars plarned, tcecause
it can be fabricated from standsrd lsboratory equipment, Another advantage of
glass-holder devices for filtration iz that the direction of Ilow through them mey
be reversed, and the dust deposited on the outer surface of the filter modium can
be seen end examined, fThus, veluable Information on the charecter of dusts testod
for the first time may be ottained, although reversal of ihe flow makes the welghing
more Aifficult and less accurate. :

Later, & motallic holder of diffsrent design was used. The filter papsr was
bound fo the holdsr witk wire and then fastered lengthwise with drafting tape.
Thls was satisfactory for determinations made on crude gas of high dust content.
Por determinatlons on highly purified gasea, a metallic holder with a special
binding device (fig. 9) was required to decrsase the error in weighing the Filter
paper.,

Targe-area filters sre elso recsuired when duct veloclties apprcoach 100 faet
per second, tecauss the minimum prectical diameter for the sempling tubc (1/4 inch)
takes 122 cuble foet of gas per hour, which is more than u Soxhlet thimble can
saffely handle, '

A mhort investlmetlon was mede of the relstive merilts of different filter
papers. Perot studled the chnaracteristics required In & paper for separating fine
particles from a gas,38/ It was necessary to make tests to determixe the aporoxi-
mate flow resistence of different Filtering malerials since no such Information was
found in the literature, '

The results of thls study are shown in teble 1, Due to the small porc spaces,
the pressure drop 1z spmwoximetely proportional to +the first pover of the flow
inastead of the second power sa in larger orifices, Filter paper wag tested between
two glasgs tubes using soft rubber gasketo, while thimbles ware placed on & rubber
stopper through which the sir was fed, A wide range of flows was used in each, but
all were calculated to & commeon basis for this table, In all ceges, velocity head
and friction were shown to be negligible by blank tests with no flitering materials
in the system, Tt 1s evident from this table that filter papers are avallable In
a very wlde variety of dengities, which can meet the retentivity requiremente of eny
particulsr eppliication, The teble also shows thet highly retentlve papsrs have
8 high pressure drep at & velocity of 1 foot per gecond, ac that much lower velocitles
shouvld be used, It must hs remembered that these tests were made cn new fliters,
Az dust collscts on the paper the resistance increases greatly, Yant and his ca-
workersdd/ used Whatman No. L2, a highly retentive paper, In thely determinsations
of dust In air In the Hollend twnel. A pad of three papers wes used, Bnd ng
evidence of lsskage of dust through the first paper waas found,

35/ Perot, J, 3., Study of Certain Factors AfTecting ihe Filtretion of Smote by
Flirous Meterials: Paper Trade Jowr., Vol, 12k, No, 25, 1047, p. sk,

39/ Yant, W. P., Levy, Edward, Sayers, R, R., Brown, C. E., Treubert, C, E.,
Frevert, H. W., and Marshall, X, L., Carbon Monoxide and Papticulate Matter
in Alr cof Hollend Tunnel and Metropoliten New York: Bureau of Mines Ropt.
of Investigations 3585, 1941, p. 22,
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Figure 7. - Small filter-thimble holder.
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Figure 8. - Large, glass, filter-paper holder.
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TABIE 1, - Resiglance to alr flow of various Ffiltering meterials

Presswre drop In inches of water at

Material gir veloclty of 1 foot per second
Filter papers
5&3
Sharkskin 3
Loz b
4oL 3.2
410 1.4
Loy 17
576 190
5680-1 H 1.5

58% white ribbon
589 bius ribbon
589 green ribbon
589 black ribbon

L)

iz
o7
8,2
2.9
5% 243
596 15.2
597 1.3
598 11.8
60 58
602 extre dense 78
604 3.9
Whaiman
1 30
2 3h
L 5.8
5 200
30 15
31 T3
32 220
LG 32
41 5.0
ibe 84
Flaher
=793 b.g
Resve angel
201 31
Orlon
FA-1104%/ .8
Glazs
G-206L/ .7
Ny lon
NS-~120gL/ 5
L-4oseL/ 6
Micro metalllc stainless steslg/
Grade D 1.4
Grade ¥ 8
Thimbles
Faper
Whaiman 10
S &S 24
Alundum
5143 RA 350 €30
5163 RA 3E0 580
1/ National Filter Media Co.
2/ Caleulated from values in catalog of Mlcro Metallic Corp., Inter-

medlate grades are avallsble. Material 1/8 inches thick,
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