SUMMARY AND CONCIDISIONS

Applications are described of varilous metheds for determining the welgnt con-
cantration and physlcal propertiea of selid and liguid mpurities of gases In con-
hection with problems encomtersd in synlhesis-gas production., Of special interest
ng these methods may be listad:

,. 1, A method developed for detormining the welght concentration of solid and
uid impurities in hot, rcrude syntheslz gas containing & high concentration of
molgture.

2. A methed developed for the same purpose but for highly puwrified synthesis
g or atmespheric air,

3. A methed for obteaining & uniform dispersion of dry dust on a mlcroscope
lide for particle-glze determination or other purpcses.

The greatest difficulties and largest errovrs in the determinatlon of solild end
lignid Impuritiss In Industrial gas streams were usvally cncowntered in the sampling
p. This was especlally true with short, mmall-dlameter ducts, slow flows, large
tlcles, end solid and liguild impwrities cccurring together. Most of these errors
‘ero due to the fact that, generally, few locatlons are sultable for dust-sampling
inls in the crude gre, particularly in small-scale plants, It iz, therefore,
drizable to ccnsider this faclor when plenis are desimned.

{2 With hlghly purified gmses, however, the sampling step was found to e relatively
glople, but remcvul of the solld and liguid impurities from tre semple stream, and
Curate determination of the amownt remcwved, were wore difficult,

. A graphical surmary of methods for determining dust and molisture im guses l1s
given In figure 1.

INTRODICTION

: This work ig pert of the Federal Bureau of Mines Synthetic Liquld Fuels Program,
%B{'IObJth of which Is to develop methods of producing gesoline, diesel fuel, end

e oil products from nonpctroleum sowrces.
. To obtain oll from cosl by ¥ischer-Tropsch or related precesses, it 1s firset
Cegsary to produce a mixbture of carbon monozide and hydrogen knmown 26 synthesis
£58. The cost of za0ifying coal and purifying the resultant synthesis gus consti-
ies a gubstantial pert of the cost of synthetlc ligquid fuels (60 Lo 70 percent if
218 Fischer -Tropsch process in used);4/ therefore, it is eggential that this inter-
%a.%produot be produced at the lowsst possible cost,
Bureay of Mines, Annual Report of the Secretary of the Interior on Synthetlc
Tiguid Puels, 1350: Pt. I - 0il from Coal: Reph. of Investigations 4770, 1950,
P, Vi,
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The use of coal instead of the more excensive coke as raw materinl makes
possible a substantisl reduction In cost but gives & highly contaminated synthesls
gas, which presents unusual problems in the determination and removal of sulfur
compovndg, dust, end other Impurities. These difficulties are fwrther incressed
by the extreme gap purity required by the symthesis catalyst and the fact that the
gas must be dust-free when hemdled in compressord, fized beds, and other equipment
in the system. Much work hag beﬁ %?e on the determining and removing various
sulfur compounds from the gas &

The maxigum pe?missibla dugt concentrution has been set at 0.05 grain per 100
cublc feet of gas,2/ based on European restlis.

The egtablishmert of satlsfactory metheds for dust removel at low cost may
prove to be one of the most diffisult rhases of the ertire synthetic liguid fuels
pmgr'sm.ig/ The Tocomotive Development Commitiee found it to bs the mogt difficult
problam In building e coal-bwming gas turbine,

Investigatlons have been underwey for ceveral years to evolve the hest posszible
methods for determining end removing varicus Impurities from synthesis gae, Thig
vaper describss investigatlons carried out ia develop practical, rellable, und
accuratc methods of determining solid and liguid jmpurities under any condition
that may occur in symthesis gas production,
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SAMPLTNG THE GAS STREAM

The subJject of dust determinatlon wes gtudled In two weys - with specially
‘deslimed laboratory apparatus and by means of practical tests mede on pilot-plant
gas gtreams,

Laboratory-Seale Equipment for Testing Sempling Methods

Figure 2 shows schematically the apparatus as used for tests on a horizontal duct,
“and Tigwre 3 1s = photograph of the came equipment srranged for tests on a vertical
‘duct. The apparatus consisted of an arrangement for imparting any desired dust con-
entration to a stream of air. After belng pwified and dried the alr stream was
toasured with a rotemeter snd dust added (as shown) from a vessel in which coal, coke,
r other material was flnidized, :

. The dust-laden alr stresm was then sampled under various conditlons, end dust
‘determinations were made using the filter thimble, flowmeter, and wet test meter. The
esults were compared with the truc dust concentration calculated from the flow rate
gf the main gas stream end weight of dust recovered In the cyclonic dust separator

and filter bag.

Congideratle difficulty was cxperienced In developing a sultable method for
seding the dust inlc tho ges etream, Originaily a hopper with a scrow clamp for flow
onirol was used, but the dust flow was erratic, It was found that fluldizing the
ydugt in the feed pipe below the hopper Improved results congiderably, but later the
“dust in the hopper was fluidized am shown, This produced an apparently uniform flow
the Toed tube; but complete wmiformity in the alr stream itsgelf was never attained,

Procedure

In all, k7 runs werc mede usling cracking catalyst and coal as well as dusts of
ifferent types and slzes, which had been separated Irom pilot-plent gases. The

ects of numercus variables were studied, including position of seampling tube,
stence of sampling tube from the duct wall and from upstresm and downsircem ohatrue-
Mio.‘cua in horizontal end vertical ducts, Sampling ervors veried from 1 percent to 50
‘Percent, depending on ‘the experimental condltlons. The data obtalned and concluslons
Jdrdvm are sumarilzed in the following sections.

Selection of Sampling Polnt

. The results showed that errors are very lmrge unless proper dlgtribution of gas
elocity and wniform concentraticn of dust across the duct exist at the gampling
Int, In practice, this is done most often by choocsing a ssction for sampling,
g%%ich'is preceded by considerable straight pipe without restrictions, bends, or any
s9ther obgtruction that might cause irregular low and congequent stratification of
t. Recommendations of various authors renge from 5 to 38 dlameters of streight
Ape length shead of the sampling polnt. Experimental results, however, showed
%&t general recommendations of this type cmnnot be made. The type of obstruction,
L€ particle size of dust, and other veriables have very great effect, Although
imoually peglected in the literstwre, downstream as well as upstream obstructioms,
¥ere found to have significant effect cn the results. Ancther obJection to the
Stom of relying on & specified nuvmber of dlsmeters of straight pipe length 1s that
b?ﬁ‘uctions ere not the only cauge of poor sampling points, as explained later,
: \..i;eover, plants camnct always be designed to glve the reguired length of straight
1pe,
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A common method for investigating the sdequacy of the cross zectlon selected
for sampling is to determine the veloclty contours by passing a pitot tube along X
several diameter=, The Isovelocity conto lineg shouid be clrculer end the maximyp
veloclty chould be in the center. Drewll/ gives an example of such a test and shows’
how lrregular such contour lines can be even after 20 diemeters of straight pipe
tength, Yet, good velocity contowr Llines do not prove uniform distribution of dugt
Prof. W. E. Gibbsﬁ/ suggests a method for visually observing dust flow if the gas
1z nesrly saturated wlth water vapor, but the cnly rellable method of universal
applicabillty is to take dust pemples at numerous points across the scction to leam
the variation In dust concentratlion., This is tedious but may be well worthwhile
1f many determinaticns are to beo made al the sectlon concerned. As suggested by
Tritton =nd Say]..es,}i/ 1t may sven be possible to find a point of mean concentratip
to eliminate the need for sampling at numercus pointe every time a dsterminstion ig
made, However, the position of the point of meen concentration is likely to vary i
the type or particle size of the dust ls chenged and probably will be completely
disturbed near an obstruction,

Poor lisoconcentration contours are not always due to ingufficient leagthas of
stwalght pipe., Gus veloclties muy be so low as to cause segregation of the larger
particles In the stream. This may have litile effect on the result if dust comts
are desired becanse the largs particles are relatively fow In nwmber but will causs
great errors if the welght concentration of dust in the gas otream is desired,
since mogt of the weight is In the larger sizea, In the latter case results may be
improved by using mmaller dlameter ducts or by selecting vertical runs, although
Whi'he_lfi'_/ states that solid particles tend to move gradually to the peripheries in
vertical ag well as horlzontal ducts,

Straightening venes or bafrfles will improve results. Fritton and Sayles,l5/
for exampls, found thel a nozzle restricting half the area gave a fairly good
distributlon & diasmeters downsgtreanm. Stair‘m&ndl_é/ found mixing baffles satlsfactory
3 to 6 dlameters downstream, the presgurs drop being & veloclty heads, FEvens and
Sar jentlf/ naed = calping section containing screens to obtain normal turbulent flow
without superimposed flow patterns, but thls might not be suitable for dust-laden
gases.

Thus, selection of the sampling point was found to be the most important factor
in getiafactory dust determination, It should preferably be in the center of a
long vertical rm in which the gas veloelty is high. No dsfinite length of run cen
be confldently specified ag satisfactory in all cages, The sdequacy of the sampling

11/ Drew, W. N., Gas Volume and Dust Concentration Determination in Gonnechtion with,
the Cottrell Process: Jowr. Am. Svc. Mech, Eng., Vol, 37, 1915, p. 677.

12/ Gibds, W, E,, Clouds snd Smokes: P. Blekiston's Son & Co,, Philadelphia, Pa.,
12k, p. 1i9. _

13/ Fritton, A,, and Bayles, C. P., The Collection of a Representative Flues-Dust
Sample: Hngineering, Vol, 173, No. L4g9l, Feb, 22, 1952, pp, 22L-230; Vol, 173;
No, khoe, Feb. 29, 1902, pp. 261-263. :

AL/ White, A, H,, Technical Gas and Fuel Anelysis: McGraw-Hill Book Co., Inc.,
New York, 1920, p. 138,

15/ See footmote 13. _

16/ stafrmend, ¢, J., The Sampling of Dust-Laden Gases: Trans. lnst, Chem, Eng.,
Vaol, 29, Ne. 1, 1951, p. 15.

}1/ Evens, 8, I., and Serjant, R, S., Heat Transfer and Turbulence in Gases Flowing
Inside Tubss: dJour. Imst, Fuel, Vol, 24, No, 139, September 1951, p. 218,
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" oint can be ascerteined by determining velocity contours or, preferably, dust-
concentration contours, Some investigationsg have fouwnd that stralghtening vanes

or baffles improve results. It was found that the proper points for sampling are
pepecially diffleult to find in pilot plents because of short runs and low veloclitles.

Sampling Methods

_ For accurate results, especlially when stratificalion is suspected, samples for
inet determination should be taken at several polnts that are centers of equal areas
at the selscted cross section of the dnct. These samples need not be handled
sparately as when obtaining dust-concentratlon contours., A fester procedure is
to make traverses along several diamesters at the selected cross gsction, A%t every
point, bowever, the velocity in the sampling tube should equal that in the duct af
the particular point being sempled at the time. BEritish stamderd specificationa.l_S/
call for a minimum of 24 gampling pointa. Stairmandl glves design details for
sampling tubes.

The equallty of gas velocities in gampling tube and duct Is extremely impor-
ént.?_o/ Hardiee_l/ presents & graph of the vresults of 3 other independent Inveasti-
‘gators (Fehrbach, 7 Immerman, and Caldwell) which shows that a 10-perccnt error in
alocity causes a f-percent error In dust-concentration determination and a 20-
percent error causes & 10- ¢ 15-percent error.

. Tdentical velocity is usnally cbtained by increasing the flow In the sampling
e untll the stetlc pressure inside the sampling tubte becomes equal to lhat in
e duct at the sume cross section. This causes the velocity presswre head {and
ce velocity) inslde and outside the sampling tube to be equal, because the total
regoure 1o the same along any one cross section of the duct. The velocity at any
na point, of course, will vary wilth the distance from the duct wall and should be
g maximum in the center if a good sampling gectlon hag been chosen., A variety
f sampling tubes for this purpose 1s shown in ASME Power Test Code 21-1Gh1,

N"he method discussed cannot be used if the gas velocity in the plpe 13 very

low, because the static pressure becomes so cloae to the total presavre that the

ference cennot bs dstermined with sufficlent accuracy, A total flow method is
hen wged, The rate of sampling is regulated until

r=r2,
A
which £ is the rate of flow in the sempling tube, F 1z the rate in the pipe, &
wi8.ihe cross-gecticnal ares of the sampling tube, and A the cross-sectional ersa

of the pipe in any consistent unitas,

# I this method iz used, the point of mesn velcclty in the plps should be used
8 mampling point. Thus, the method is unrelieble if any stratification exlsts,

Bri%isk Stendard Specifications No. 893: The Methods of Testing Extraction
Plan+ts snd the Emission of Solids from Chimmeys of Electric Power 3Statiomns,
British Standards Ingtitution,128 Victorla St., London 5.W,, Bngland, April

19k0, p. 10,

19/ See work clted in Foolnote 16, p. 20.

20/ Brady, williems, and Tovzalin, L. A., The Determination of Dust in Blast-
;a Furnace Gag: Jouvr, Ind, Ing, Chem,, September 1911, pp. 62 -670,

Sl/ Heraie, P. H., Réswmd of Methnds for the Meapurement of Flue Dust: Trans.
Am, Seo, Mach, Fng,., Vol, 39, 1937, ». 335.
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