Whenever necossary, the nencondensable moisture was delermined by means of =
drying agent, and errore due to the epaorption ¢f other gases were investigmted,
Tests showed that anhydrous caleivm sulfete remsved much of the hyrogen sulfidc
and carbon oxysulfide, but the amourte prescut in the gas were so smaell that the
effect on the meisthure determiration wag negligible. Little earbor moncxide end
no carben dloxide or hydrogen were removed from the gynthesis gas by thig material,
The completely dry desiccant doss not remove HpS from completely dry mus. Date are
glven in %able 2.

TABLE 2, - Absorpiion of gases by arhydrous calecium sulfaie

{10 cubic feet of gas passed in cach case)

Compogition of ges fecd
HeS, | cos,
grains {gralng (Caln iz
i, 0o, GOz, ijper 100|per 100|welght, |Cornstitucent | Percent
Iercent|percent|percenticu, £t.|cu. ©t.{greins removed removed
- 100 0 0 o 0 0 B 0
0 0 100 0 " 0 Cop 0
g0 o 10 ") 0 ¢ Ho & Co2 ¢
9C Q 10 a 13.5 i1.111 003 60
100 0 C 0 20 1.497 Co5 75
20 50 0 0 ¢ 2,u Co G.052
0 0 o | 100 0 oL/ ES 0
0 0 0 100 a 27,72/ ks -

1/ Dry calciuwm sulfate,
2/ cCalcium sulfate thet hed previouzly been uzed to remcve molsture
from alr,

Pregsures In the gagificatlon units were upuslly sufficlent to force the gas
through the sampling system. If not, small blowers were used tc exhaust the gaa.
EJjecters operated by steam, air, or inert gms proved gatigfactory for low rates
of gas flow., OStalrmend gives precise dimensgicns for an ejector for dust sampling,
and Nog 0/ incorporates sn ejector in the same unit wilh e Filter thimkle. Stairp-
m.snd,,li_% in additdon, developed a portable wnit for determining dust in ailr,

Highly Purified Cag

The problems involved in testing highly purified guses 2re entirely different
from those encovntered when determining dust in crude gasog, Since the degired dust
concentrationg are in the same rangs as in atmospheric eir, similsr mcthods are
applicable., However, dust-welght determinations are rareiy rade on air beczuse of .
the difficnlties mentionsd below. Brown end Schrenk give a gereral review of thils sub-
Ject. =/ Exceplions are the work by Yant and cowerkers on alr in the Holland '
'.'L‘Lm.nei&i/ and the work described by Dalla Valle ,&E/ voth of whom relied on weighing

E_Q/ Noss, P., Mesaverfahren 1md Messgerate zur Staubgehalivestimmmg in Stromenden
Gasen: Bremngtoff-Wirme=Eraft, Vol. L, Ne, 7, July 1552, p. 227,

41/ See work cited in footuote 12, b, 31,

t_'rr%_/ Brown, C. E., and Schrenk, H. H., Stendard Methods for Measuring FExtent of
Atmogpheric Pollution: Duwreau of Mines Inf, Cire, 7210, May 1912, 19 pp,

ﬁ/ See work clted In footnote 39,

Pella Valle, J. M., Micromeritics: Pitmen Publishing Corp., New Yerk, N.Y,,

1943, . 360,
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the Zeposlted dust, Usually, however, the rate of dust fall from the atmosphere ig
pees red or "dust counts" are made on samples obtained by impingment,
mxck Simpler but veriations in dust content determinsd by
glgmZlicant In symthosis gas work.

These ore
"dugt counting" are nod

Larze Area Filter Papers

Determinations of welght concentrations in pure gases are ddfficult because of
the large volumes that must be treated +o collect snough material to weigh, Also,
‘perticle gizes are freguently small so +het fine-grained high resistance filters

vst in sweh cases be used, The performence of fine Tilters was studied by Banger’c&i/

who zhowed thet their use becomes egpeeially Aifficult if a very long period is not
.avaliable for sampling,

The application of redicactive tracer technigues to this
but the probability of developing & practlcal method did not s
‘Justify Initiating A research project.

prohlem was cengidered,
eean great enouzh to

Thus, i1t became necessary to develop a filter of large area but amall and
light enough to he weighed on an analylbical balance., As 8 flltering mediim, filter
paper fulfilled these conditions becaunse a large area has little welght and the
paper cen be folded or rolled into a =mmell volume, Furthermore, high-guality
papers &re readily avallable In a wide variety of eizes, porcsities, strengths,
thicknesses, and ash contents. Papers with fine Dore spaces are desirmble to
retaln the smallegt possible particles, but this ineresses the oresgure drop per
it apea. Fortumately, rilters remove particlos much finer then the Dors spaces
because dust removal 1s not entirely a straining action. Ths larger particles
Inpinge on the Tibers, and gmaller ones diffuse rapldly tc the fibvers by Brownian
movement end adhere to them, Partlcles of 0.3 micron diameter are the mogt
difficuly to remo?e.ﬂs_/ Thus, for best efficiency, the finest vpapers and lowest
posgible velocities ars deglred, which calls for large filtering arecas,

The Army Ch.emical Corps has devoloped a special type of filter paper of high
1 1 pore spaces and low pressurs drop, but, wmfortunately, 1t
ila purpose Lecause its great thickness makes 1t impossible

%o roll or fold it Inbo a amall welghing hottle, Silvermanﬂ/ used 8 type S
mimpre@.ated fllter made by Mine Safety Appliance Co,

Fliter paper, however, hag a dlsadvantage; it is much more hygroscopic then
Other filtering me Lomg, often absorbin

g 6 vercent or mors of ita weight of
Wistre, This is wmimpertant with mineral dusts because nshless paper can be
Used and ignited, For

i this work, however, it was equally necessary o develop an
accurste and reproducible method for drying snd welghling the paper,

_EE / Bengert, F., (Froblem of Finest Flltration oF Aerosols): Staub, vol, 25, 1951:
pp. 158-170,

28/ Jucker, 7. 1., sr., Rickara, T B., aad O'onskl, C. 7., Photoelectric Tnatru-
: ments for Comparirg the Concentrations of Very Dilute Aercsols, and Meapuring
Low Light Jntensities: Jowr. Am, Chem, Scc., Vel, 69, 147, pp. 429-38,

4/ silvermen, Leslie, and Ville, F. J., Jr., A Eigh-Volume Alr-Sempling and

Filter Weighing Methad for Certein Aerogols: Jour. Ind. Hyg, and Toxicol,,
Vol, 30, 1948, p, 12k,
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Degipns for lerge-Arey Filter-Paper Houlders

The dsgign of & guitadle holder for large-ares filier DApSTs wal also & malor
problem. fThe instrument shown in filguwe g {describved previously In comnection with
teats on crude gages) was the fipst practleal lasrge area Filter paper holder found
suitable for tests on Lighly purified gagss. [The mopt recent degign shown in
Pignres 10 and 11, however, was much gimpler to construct. Belng £let instead of
cyljndrical, 1t is leas likely 4o lea}:, eagier to uge, and more accurste., The Iiow
of goses through the flat filter papers ig shown in flgire 10, and & working drawing
of a deslen i given on Tlgure 11, I4s important feature is thet the paper is
narrow enough to be rolled Instead of folded into the velghing bottle before angd
after the test, Tuig decreases the chenge in weight due to hendling end the posgi-
bility or lesknge caused by creases, If folding is to be ¢lim neted the strips of
Filter paper can be no more than € incheg wide, since this 1z the inpide height of
the tallest welghing bottle that can be umed o en ordinaery analytical balance,
welghing bottles of such dimengicnsg had been apeclally made for this Durpage.

Several ogther designs, same very complicated, have been Investigated, but the
one described proved to be the best method for rapld determination of dust com-
centration in a highly purified gas stream, This design is very compact for the
Tast flows it can handle; the wall area In the Inlet chamber wes reduced to minfmum,
Further dseresse in Crosg-gectional area would cause aimificant pregmure drops,
As shown in Tigure 11, an orifice meter is incorporated intc the aame unit, 4
blower op an e lector is readlly fitted to the cutlet when necegsary, The pressure
drop through this filter holder is only 6.3 inches of water with a flow of é,000
cubic feet per hour, therefors, the entire 828 output from amall-gegle gaoificr
mits may be pasacd through tha filter, whick ellminates sn lmportant scurce of
error - the sampling step,

Gag Undex Superatmogpherle Pressures

Little work has been dons to dats on the removal of dust and moisture from
gases under pressure, The laboratory design illustrated 1n Tigure 7 has heen
successfully used with +he wrrangement shown In figure 12, The sams method can
Trobably be used with the large-area desion 11lustrated in figure 13, although
this has not yet been Investigated, The Researeh Corp, desigu_@/ can be used up to
100 p.s,i. .

ThHe problem is complicated further if condensable water is alasg present in the
g€as. Condensatlon after dust removal would probably be most practical, although s
largs ares filter would have to be uged and 1t temperature held within cloge limits,
The alternative, an adaptation of the method used for low yreseures, is algo
poezible, '

Thus, the seperation of condensable water in the rresence of largs smownts of
dust wes accomplighed in Tlesks or Jurs. Dust Wa3 gometlmes remaved with Sozhlet
eXtraction thimbles, For large amownts of dust, epocial large-erea Tilterg wers
designed., For dust determination on highly purified gases, another degign of large-
area filter was developed,

48/ TResesron Corporation, Rownd Brock, N, J., Tech. Bulil. 3-E, August 1531,
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ETAMINATION OF THE SOLID AND LIQUID IMPURITIES

The zolid and liguid Impurities separatsd from the sampls gas strezm by the
wethods previcusly described may be sxamined for many different research or control
© purposes to determine their quantity, perticles size end size conaigt, chemical
' gomposition, vorosity, herdness, and other properties,

) The most ccmmon exeminatlion is measurement of the quantity collected +o determine
the concentraticn of these Imprrities in the gas glream. In industrial rrocegses
_ihig 1s ususlly expressed as weight of impirities per unit volume of gms, The necessary
'weights are easlly obtalned if enough material g collected for accurate weighing and
4f the contalning vessels do not change weight sppreciably owing to hwmldity or other
auses. In testing orvde gases (fig, 6), molstwre as well as dust concentration was
“determined by weighing each flagk as removed from the traln, containing dugt and
condensed molsturs, =nd weighing the seme flasks again after drying. "The flasgks were
hen washed oul, dried, and weighed & third time. The #lass connecting twbing was
Imilerly treated when it contained sigrificent amomts of dugh or molsture, Aboutb

0 percent of the dust and all of the condensed moisture were obtained in these

lagks., The extraction thimbles cr filtor papers tsed to collect the remaining dust
ere welghed before end after the tests, From thesc figures and the smownt of gms
ireated the cencentratlons of molstire end dust in the gap were calculstsd, When
scessary, the weights were determined with an smalybical balance, but this was not
enerally necessery when working with crude geses,

Eowever, when alir or highly purified gasss are tested, very small amowmis of

ust were collected and & more refined welghing technigue was necegsary. Little
Information exists in the 1iterature on thls problem as it rarely ocours In indug-

trial practice, Determinations on air ere nsually made for industrial hygiene

irpoges with dust concentrations expressed as number of particles per wmit volume Eﬁflo/,
elght concentrations would he mialeading for thig parposs, since particles greater

Hen. 10 micrens ars physiclogically harmless,

v Even when "welght concentrations” instsad of particle counts sre determined,
recise weighing is often aveided by uging less zcourate but more rapid and con-
eniant metheds, such as measuring the derkening or increase in presaurs drep of
ilter paper through which gas is pasged.5l/

Welghing Procedure

For synthesis-gas worle, howaver, it was necessary to develop an accurate
ghing procedure, Although hilghly erratic, the welght change Gue to veariations in
gﬁQiBture content of the filter medium may smount to & percent, or 120 milligrame for
25~ by 80-mm, thimble having 0.05 square foot of usable filter zrea, With wmusually
j;de variations In humidity the weight chenge may oven be grester,

Eﬁi Forbes, J, J., Davenport, o. J., end Morgls, G. G., Roview of Literatwre cn

s Dusts: Bursau of Mines Bull, 478, 1950, pp. 136-1h5,

y Trostel, L, J., and Frevert, H. W., Collectlon and Examination of Exploaive

%, Dusts: Tnd. Eng. Chem,, Vol. 5, 1923, p. 232,

21/ Dili, R. 8., A Test Method for Air Filters: Am. Soo. Heat, and Vent, Eng.,
Trens,, Vol. ki, 1938, p, 379-336.

See also footnote 39,
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Simple drying of the thimbles *n = degiceator was Tirst atferplod, but
congtant welghts could not be vitained, Drylng In an oven wus much faater, bul
the thimbles regeined much weight when ccoled in the desiccator. This WES over-
come by isaving the lids on the welghing hottles during cooling in the desiccator
and 1ifting them Ffor ar instant before weighing to tring the air inside %o atmcs-

pherlc pressure,

These experiences and results are almost ‘dentical with those descrided by
Arbogast _5_3/ Silverman and others_‘ii/ have suggested ths use of a gusg-magk type
Fllter unit and weighed it at 1119 ¢, In & drying oven by p-acing the balance directly
over the oven, Difficultles due to alr convectlon were cvercome, and smn accuracy of
0.5 mg,. was attained. Wa‘bscz‘jﬂ/ deseribes & method for weighing filter pupers 5.5 om
in dlsmeter with a standard error of a single weighing of 0,00 mg. However, with the
method developed here, & standerd deviation of 5.0 mg. was obtained under ractical
condltions. As shown In table 3, this error was reducsd to 0.6 mg. by uging a hlank
thinble and welghing bottle to corrsct for changes in welight dus tc atmoapheric
humidity, oven temperature, desicecator huridity, etc. In routine work the weighing
bottle containing the blenk thimile was simply pu% on the right hand pan oi the
balance, but in experimental work 1t was weighed sepurately and the proper correstion
applied, No method was found to reduce the welghing crror further, tut the precision
of welghing was estimated by using two blankes ard fletermining the difference in
Incrcase or decrease in weight. This was adovted as standard rrocedure for welghing
paper filter thimbles,

TABIE 3. - Precigion of method for dust determination
Change in welght on succeseive
welghings
Determination| Thimhle £1 Thimble #7 Differcnce
No, Mg. | Squared | Mg, Squared [Differerce| Sgusread
1 2.2 h.g 2.0 L.C 0,7 0. Ou
2 s.h 29,2 ik 1g.)) 1.0 1.0¢
3 1.1 12 | .7 5 A .16
4 1.3 1.7 1.6 2.6 .3 .00
5 11.58 139.2 [1L.2 126 .6 38
6 5.6 92.2 8.5 72.3 1.1 1,23
i .6 .35 .5 23 .1 L0l
& 1.0 1,0 i.1 1,21 W1 LOL
g 3.0 9.0 3.7 3.7 .T L3
10 2.7 7.3 2.3 5,3 i 16
11 3.7 3.7 | 3.1 9.6 W6 236
299.76 2sk.86 [ 11755 11/3.89
+2%9.%6 0.50 C.35:
22/354 &2
R

Ves5.2 = 5.0z,
YO.354 = G,40,

Standard deviaticn without correction for blark:

Standard deviations with correctionz for blank:

22/ Arbogest, A, K., Iron and Steel Engineer, Gotober 1648, pp. 1-B.
_23_/ Silvermen , Leslle, and Fredrick, J. V, ; 9r., A High<Volwme Alr-Sempling snd

Fllter-Weighing Method for Qertain Asroools: Jour. Ind. Hyg. and Toxlcol.,
vol. 30, 1924, », 124,
Watson, H. H., Determination of the Dry Welght of Filter Papers;

July 25, 19352, n. 102,

Inginesring,
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Welghing of Lerge-Area ¥Filters

To welgh lsrge-zrea (1,5-sq. £t,) filter papers, however, some changes were
necessary. Constent welght was Impractical - 1% was not sttained even after 38 hours
st In0P C. Therefore, blank corrections were employed except when heavy dust Ioadings
:made hlgh precision unnecessary. By drying at 150° C. instead of 1100 C., the
tandard deviation after the ccrrection for change in blank weight was reducsd to 2.3
g, The latter is L times the srror obtained in thiwble welghing, but the Filtering

area 18 30 times greater (1.5 instead of 0,05 sqg. £t.), so that the welghing error
er hour of sampling time is one-seventh as great.

Oneé Lowr was adopted as the standerd drylng time in the oven, followed by a 2-
“hour cooling perdod in a desiceator used without deslccent to decrease the rate of
welght change on the balance pan., Speciflc details of the caleulaticns used n

etermining the weight concentration of dust in gas are given in the Wegtern Pracipita~
ion Co. Bocklet 50, .

. The above dlscussion is concernsd cnly with Grying and weighing errcrs, Welght
(¢hanges due to handling of the filter paper are minimized by using chamols-gkin glove
‘fingers, All desigms except those shkewn on Tlgures 8 and 9 meks thig relatively eagy.

Use of Automstic Instruments

5 In additlon to the described test equlmment for determining dust Tmpurities, =&
synthetic liguid-fuel plant requires sn autematic ailarm and contrel device in the
urified-gas line to prevent equipment damange due to sudden fallure of the dugt-
removing apperatus, An Instrument was Investigated that dstermined the dust con-
entratlon in a flowing mas stream Ly comparing the Intensity of a light beam that

engliive enough to detect 0,05 grain of dust per 100 cu. ft, Illumination of the
888 stream perpendicularly to the direstion of Flow may prove to be more sstisfactory.
GibbsH6/ glves equatlons derived for the uss of the Tyndall effect with particies
larger and smaller thon the wavs length of Iight,

Molsture Detexmination

Molsture determination in the presence of dust rresented two problems, When
Qecmrring in liguid phase admixed with duet, no gatisfactery means of determiration
wes developed because of the extreme dirficulty in scampling the stream, as pre-
Ylously stated, Determinations were occasionally made by the usual procedurc, bub
Berely to estimate the order of magnitude of the molsture concentration, Om the

other hend, when the moisturs was present ag vapor, lsboratery tests showed the usual
ethod to be very accurate.

. Reaults of tests on the method at thres widely different molgture concentrations

209 glven in tabls 4. In these tests a known amomnt of moisture wag added to the

X gtresm by passing It through a flazk of water completely gulmerged In a water

‘th, The regulting molsture concentratlion In the sir stresm was determined from

¢ Insg of weight of the vaporizer or from the vapor pressure of water at the temper-
or'e of the water bath, The molstwre determination was made by the test previously

c1455‘:'.1'11:\{-:(1 - pagsing the gus through three 300ml. flagks in serfes in = bath of lce

¥ater and then through & bothle of Drierite (anhydrous CaSOy) drying agent, The gas

" E., Kens, L. J,, Corrigen, T. £., walmwright, ¥, W., &nd Seibert, 0. E.,
Investigation of a Photoslectric Device for the DetermInation of ILow Concentra-
tions of Dust: Bureau of Mines Rept. of Investigatlons 4782, 1951, & pp.

gé’a See work cited in footmote 12, p, 1lg, '
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flow was determined with g wet test meter. This tsble shows the accuracy of the
method and the meximum figws for which the apparatus is satisfactory. Tt slso
broves that the moistyure leaving the last flask cen be determined from the tempera.
ture without significant error, thus eliminating the need for the drying agent.,

TABLE 4, - Accuracy of test method developed for moisture determinstion
Test 1] Test 2 Tenggﬁf
Gas R e B cu.ft, per hr. | 12 10 4.5
Vaporizer temperature........................... eeena 90, 6.6 5.5 79.1 .
True molsture concentretion, percent, wet hasisif: _
As determined from veporizer welght loss.....iyuuewe. | (1) (1) 5.8
As determined from vaporizer D e e, 1.01 | 10.32 |2 LT

Moisture concentration as determined by increases/in Flack

welght and drierite weight, percent, wet basis2/|,....,.. 1.06 10,32 Ls.7
Error percent of total gas B L 0.65 0.16 0,1
Error percent of true velue, L e 5.0 1.6 0.2
Temperature in last Flask.. oottt i, .00, 2.5 2.5 5
Estimated maximum possible air f'low without overheating

Tlasks. ..o i i S04 cu.ft, /hr, - 30 10
Error 1f temp. of lsst flask is used instesd of drierite.., '

ltirrttvrresseesceeraeie.. . TETCENY OF total gas passed 0.1z 0.02 .01

;/' Inaceurate because of small arounts evaporated from large vaporizer,
g/ Slightly insccurste because o small fluctuation of vaporilzer temperature.
j/ Ratio of volume of water vapor to the sum of veolumes of water vapor plus dry gas

Particle-Size Determination

In addition to the determination of dust concentration, examinastion of dust
freguently includes the measurement of particle sige ar perticle-gize distribution
{(sire consist)., This 1s particulariy difficul? 1If & large range of sizes is present’
Extensive literature existe on thig subject.iz Analgtical Screens are convenlent
and accurate for sizeg larger than shout 70 microns,z_/ and numerous sedimentation';&;
and elutriation methodg using air or other ¥luids are commonly used for smaller sizes,
Although results ere stated in terms of size, these methods actually separete particle
inte frections. The range of sizes in easch fraction is & function of particle shape,
density, size, and other factors. However, regardless of the rethod used for size 5
geperation, particles of different musses and volumes may eppesr in the same fraction.:
Even screens ignore the longest dimensicn of n particle.

57/ Drinker, Philip, snd Hatch, Theodore, Industrial Dust. MeGraw-Iill Book Co.,
Inc., Wew York, 1936, 316 pp.
Symposium on New Methods for Particle Size Determinetion in the Subsieve Rapge:
Washington Spring Meeting, Mar. L, 1941,
Britich Colliery Owners Rescerch Assoclation and the British Coal Utilization
Research Asaociation, Report of Discussions. Determinutien of Particle Size
In the Subsieve Range.
58/ Awmericen Society for Testing Materiels, Standard D392-38, pt. €, 1949, p, 55;
EL1-39, pt. 2, p, 1015; pt, 3, p. 11215 pt. h, po 1165; pt. 5, p. 1585, 1%, 6
p. 1287; D502-39, pt, 5, 1645, ¢, 521,
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