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© . Laboratory and-field experience with verious metals applied to steel
&8 protective coatings has produced promising results » and it is hoped to
haye enough' confirmatory data for publication in the near Tuture. Ingineer-
ing changes in the-burner arrongenent of several furnaces to provide better
distribution ofcoal end air heve been responsible for the prevention of
further attack and notable redJ_ctJ.on of _;I:tgc}: m many cas:,s.

Smor:u Ab;.tel_ent -

- At the annual meeting of tne Aiericen Scczetv of ‘Mechanical Enginsers
at New York City in Hovamber, a report wes presented, "Example Sections for
- & Bmoke-Regulation Ordinance," prepered as = summary of the work for the
.past 5 years of the A.5.M.E, Moael Smoke Lew Committee, of which = Bureen
Jof :Mines representative is chairman., Nineteen written discussions wore rg-
_ce;l.ved., A special mesting of the Committes was held at Pitisbursh, » Pao,

in Mey., The 19 discussions were studied, cnd certain changes were made in

the reporu. "It is estimmted that the report will reach its final form in

the nezr future. At the request of the A.S5.M.E.; =& ropresentative of the

“Burezu of Mines served as chairmen and prepared’questions for a penel dis-

.cussicn of smoke ebatement ot the'semiannusl meeting 2t Detroit, Mich. s in

June. At the request of the City of Los Angeles, Cal.u., a meeting to dis-

cuss the cbatement of smoke snd noxious gases was celled in Woshington and

vos attended by representatives of the Netional Ro :search -Council,  the Pub-
1ie Heelth Service, the Botionel Acedemy of Science, the Burean oi‘ Mines,

"end the moyor of Los Angeles; as a-result of this canference the mayor de-

cided upon certain administrative moves in ‘connection with tha problem.

Gonsulting service was later given the Los Angeles ‘area on carrying out

this work, Conferences with the sditorial staff of the Chicage Sun and rep-

‘eBentatives of the Bureau of Mines were hsld regarding 'z smoke-cbatement

campaign in Chicago. At the reguest of ths District-of Collimbia govern-

ment, o representative of the Burseu of Mines served as o member of s com-
mlttee of ;three to hold heaiings on the prﬂcticablllty ‘of changing certain

Smoke-cbatement regulations of the District of Columbla. Censulting ser-

ite was given the cities of Wilmington, Del.; and Nl"‘guru Falls, N, Y.,
¢ On the ‘establishmerit of smoke-zbobement ordinances. Smce the cessation

Of the war, requests for Bureau of Mines Pu-blqu'f;lOnS on smoke _bc_tement

hﬂvs ircre;sed suostanti?].ly.

-

Packagcd Fuel Ccptaa.mng Apr.nrao:.te Fi‘ics

Pa.cl:c.gcd Juels made :f‘rcm nixtures of anthracitse fmes and’ bltumnous
C%ls with en aspholtic bindew huve been investigeted 'as £ means of utiliz-
g the smaller gizes of enthrocite gnd of suppla.mentmg the supnlie.s of
demestic -fuel .2 In cooperation with o large mdustr:r.gl-eg_ulpm"nt mana-
f&(‘»turer} 23 experimental lots of widely varying composmlon, in cludlng
Eeveral iconsioting only of anthracite and binder, were Qrepared_ ol commer-
cial, coal-packaging equlpment.‘ P;ys:w:«.l tests m.de to smul:.te tne bffects

TSCh.mdh . D., ReJ.d W._T., Sc;mbur, Wll_lam, und. Myers, J. oy Phy-
- sicel and'Cdmbustion Charicteri stics ‘of" Packaged el Centaining
Anthracite Fines: Buresu of Mines- Rept. of In‘VGStlg:.'th”lS 38862,
1946, 35 pp.
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of kandling end.storage indicated that adeguate cold strength was ob'tained_
in packaged fuel made entirely from anthracite fines with moderate QuiEnts..
tles of asphaltic binder, as shown in figure 17. Other iote made frop g’
wide variety of blends of anthraclte fines and. high- or lOw—vol-a-tilre bity
mincus coal with the binder also possessed. adequate cold strengihy’ The ~
compressive s,tij_eng-th wes shown to increase as the Percentage of‘b-in&eri_iﬁ
creased and also as the absclute size of the coal incressed, The physicai
gtability or resistance to ebrasion end spalling was found to Increage
with incressing binder content within the Yimits studisd, The Compressive
stlrength decreased, however » if coal of a relatively uniform size was used
as this incressed the percentage of volds in the blocks. '-‘ .

- The burning tests were conducted with equipment. and firing tec}miqﬁe's
-8imilar to thope used for household heating. Packaged fuel made entirely
from anthracite with reasonable quantities .of asphalt binder crumbled ex-
cessively while burning, with the result that.the grates became clogged,
and adeguate burning rates could not be maintained with the natural draft
normally availasble Trom domestlc. chimneys. This crumbling, resulting from
the lack of adequate cakirng proporties of the fuel mixture, also ceunsed .ex-
cessive 1oss of unburned combustible metter in the ashpit. The additien ..
.of sufficient bitwsinous cosl to the mixtures resulied in the manufacm_;;é\,
of packaged fuels with satisfactory combustion characteristics, It was ..z
found that the production of smoke from these lots of' peckaged fuel tested
depen@ad :Primarily upon the quantity of binder used. and only secondarily
upon the.volatile content and guantity of the bituminous coal used In the
mixture, The effect of Increased binder content upon ths quantity of.
smoke produced. ig shown in figure 18. ' The esphaltic binder was found to
Produce about eight times as much smoke as.the 8ams quantity of high-vola.
“tile bituminous coal,.- Packaged fusl containing anth¥acite fines has beert
produced commercially by ‘the .company that cooperated im these tests. ;

Utilizetion of -Miitu_r'es .of Bituminous Coal and Anthracite

Calculations and summeries were completed of meny tests at a numbef . of
plents on verious types ofi}h&aétria.l stoxers of .mixtures of slack pitumls
nous and Tine anthracite. These ficld tests show that the use of such -
nixturss is very practiceble and that it is Possible to change and usually :
to adjust to en improved condition the characteristice of a fuel bed of
eastern bituminous slack ccal by the addition. of proper amounts of anthra=
cite. The improved uniformity of the Tusl bed of single-retort stokers -
maxes possible less marmal .ettenticn to the bed. Air fiow throtugh the fuel
bed 1s affected. Smoke is decreased. In general,- the fly ash ag well a8, .
the unburned combustible in the fly esh and refuse are increased. Clinker-
ing in the fuel bed ia general'j_y lesssned. ‘The peak-loed carrying caPaf_%J-_i_?y
of the stoker is definitely affected, usually adversely for the higher per-
centages of anthracite. In general, the efficlencies obtained on single-;
retorn stokers with the lowsr percentages of anthracite in the mixtures are

R

23/ ‘Barkley, J. F., Burdick, L. R., &nd Wiggers, R., Tests. of Bituminous?
| An'thracite Mixtures on Industrial Stokers: Bureau of Mines Repts
of Investigations 3916, 1946, 16 pp, s

1792 - 76 -




[14]
=
w
72
T

7]
o
o
Q
=
o
]
w
=
<«
|
twt
o
23]
[
s
s
=
Ll
Q
oo
L
o
-
=
[
w

3 4
BINDER, AYERAGE PERCENTAGE

Figure 17. - Effect of binder content upon
stability for packaged fuel
containing only anthracite.
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bout the same :a8 wi'th bituminous coal only. With the higher percentages
f anthrecite; the over-all efficiencies were found to be somsvhat lower.
~The best percentage of anthracito to use ata g;.ven installztion depends on
many Tactors, such as the size consist, the. volatile end ash content and
ash fusion of the fuels tQ be-used, the ‘load conditions, the smcke preduc-
‘tion, and the type of equipment. It must be determined by trial for sach
T installation. Usually, relatively simple mixing schiemes can be devised at
- pach plant to cbtain = 'sa*;mfactory’ frel mixture for stoker use.

- Ash-Removal, Domestic-btcker Tegts

PR

‘Cozls vary €o widely in their burning characteristics that all ceals

prepared for demestic stoker use cannot be burned’ efl"czrntly on every type
: of sioker, The overfeed stoker operates sa.tisiuctcrily when burning low-
10 high-ash, noncaking, Bituminous or subbituminous coels; whereas, on the
cllnne“mg-type y underfeed, bituminous stoker, both caking and noncaking
‘bituminous and subbituminous comls are burned. ..Gemerally, these cozls

ave ash contente belov 12 psrcent end ash-softening temperatures between
5 1,800° and shout 2, 600 F.

Bitummous and subbituminous coals with high. ash-sof ening tomperatures

‘and high-dsh contents have not beenable o enter the domestic sicker-coal
merket in the Pacific I\Iorthwest -bethiids clinkers are not formed readily
" on clinker-type underfaed sto-cers, especiaily in mild weather. The lsher
reou.rea and attendont inconvenicnce entailed in handling the large volume
of ash are partlcularly undesirable, * Accordingly, an investigetion was
undertaken to enable minms producing coals or the kind described to enter
the stokei-conl market. An enthracite stoker that cenveys the rex‘uqe} frem
the agh pit of the furnece and dc 051ts 1t in dust-tight dispessl cana wes
selectud for the bumlng tricls.ot

It is' thought that home owners in the East who already have such
,Btckers will wish to learn how succesafully bituminous eccking cools cen be
burned in-case of sn en nI'«...CltO ghortage.
% .. Eight reprcsent(_tlve Wasnlnfstop coals were sclected’ w:.th resnect to
i thelr ceking properties and ash-aofiening tmperauures 5 and eignteen heat-
balance trials on these «gozls were amede to determine their relavive suita-
bility for use on this “type of stoker. A1l the .coals weid' Duw"led ‘at low

end medium feed rates, md in, :.d.d.i J_on, o o:f’ the- coals m,ra burned. at
& h:x.gh feed. ra te. :

F;gure 19 shows- the a'oc}rer, the hot-water bo:.ler s and th accessory
equ‘pment end teble 9 showa the prﬁcupul rc.sults "of ‘the burning trials.

nous Coals on en Anthracite, ish-Removael-Type, Domestic Stoker:
Bureau of Mines Rept. of Investigations 384G, 1545, 1k pp,
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TEBLE. 9.~- Principcl results of stoger—burnlng trials on coals gelecte,

-show effect of caklng pvoporties and ssh-softening téﬁié;gga;;-
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be observed that ccling coals are generelly unsultabie for

stoker, but those caking only slightly may be used at some
efficiency occasioned by the loss of unburned coke in the re-

when emergency subotitutioh ®f ¢061 Tecomes nocessary, weakly

could be burned in anthraclite ash-removal-iype stokers with &
efflclency of only 10 to 15 percent. :
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Nonceking bituminous and subbituminous coals whose ash-softening tem-—
. peratures are azbove 2, 600° F, were burned with high efficiency, showing
‘the practicebility of using onthracite stekers. toburn this type of coal
for house hcutlpg. “Qoals with ash-softening temperatures as low ag 2,380
¥. &lso were burred with high’ efficiency, but the ncise made by the ash—
removal mechenism in crushing clinkers might be undesirable in a home.
Stokérs of this general type are especizlly desirable for burning high-ash
chal s, bec ause the labor end inconveniénce of ha.nd.llng the ashes are minimized.

AP&l_y’SlS o:ﬁ’ Size D:Lstrlbutlon in Broken COc—l

. The Rosin and Rermler oq_uc:tlcm for expressmg the distribution of
sizés in crushed material is finding wide application. in research and in-
dustriel problems relzting to the utilization of coel-and coke. It can be
used to estimate the guentities of materisl thaet hove been removed by
EBcreening from run of mine, crushed, or glack coal; in camparing different
lots of coar co}—e, or other materigig; and in evaluating certain physical
propertlcs df cdal. As the methematical -application of this relation to
‘size consist data is cumbersome; o ecnvenieni and accurate graphical method
. hes been in use for this purpose, The ruling and preparation of the spe-
cial form reguired -is.tedious, and e printed form has been made available
in order to extend the use of this velusble mesns of expressing size con-
aist, 5 particulurly in md.astra.ci coritrol .2/ - Figure 20 shows the form
together with prov:Ls:Lons for reécording the. tabuler data ond computationsa
required for the appliceticn of the Rosin end Remmler relationship. In
andyzmg eize, consmu da‘su—by this ‘method,  cumulative percentages retained
on each aieve used. in the sieve anc.l_,rsa.s are plotted against the correspond-
ing siévée size or opening., For eoal; doke, or other materials that have
been snom: to ¢ollow the Rosin- u.,nd Rr_mmlx,r ‘relationship, these points will
lie on & strai ght Iine if the size'consisi Fesulting from mining or crush-
ing has’ not been’ al‘tered. 'b,,r the" remov 1 or-loss. of any of the material.
IT these pointe 3i¢ on & curve,’ it is pogsible to caleulete the guantities
of materizl that have been removed. When these pomts iie upon a straight
1111@ s e lOCE.'thI‘l end-slope of this® line provide an ‘eesy meens of evaluat-
lng m.a depcrlbmg the sve dist ‘f‘lbutlon of the serple.

1

Tne I*-ec,.Suremeru-of Heg_t Absorp“tion in. ‘the Prmary Furnace
e s Cen“trul Sta'!:lon ;BOJ_lr.I' e

In order to obtain the onerutmg m d, design data rcquired for the nost
‘efficient utlllzatlon of fuel in cenur‘.l station power plents flred. with

‘ £ : . tudy .,:cf the effic:l.ency of heat absorp—
; n, the prz.marJ '_f'urnc.c",._ lergs oentral—st&ta.gn boiler. The tests
re being; nducted, st dry—botfcom, Vmggntimy 1red, pulverlzod—fuel

’Ihls unj:_,t operated by é lurge distributor
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- of. electrigal energy, was put on the line in September 1955 and has ypgq
gone three'series of tests since that time. Heat absorption in the r

- furnace of this unit is being studied with respect t¢ the following way
ables: (1} Age of the unit; (2) cleanliness of the walls; (3) loag, W
excess air, and (5) inclination and. arrangément of the adjustable b

- The Bureau 1s determining the heat content of the geses leaving the fiyp

- hace from measurements on the temperaturs,. conpogition, and velogity of

the gases at the furnace outlet. Resunits of “these teste dre then corre

lated with those obtained by other merbers of the cooperating group on' th

Turnace-hesdt absorption caelculated from the density of the steam-watep.

ture along & selected wall tube, .&nd from the: thermal gredient through the

Tire gide of the furmace tubes, as determined by a large number of ‘therme

couples around the furnace. . B S )

The techniques of test and the methods of calculation developed fo
these tests have be'gn shown to be accurste and will be used in 8imilar
tests on other types .0f bollers after completion of the present series,

- ;'Au'ﬁcx'ﬁasc-iéﬁater Heater : -«

An automatic 'étoker-fired, heé’bing system using lcg'— ank fuela wé.-i._ ¥,
veloped and used euccessfully by the Bureau of Mihes, 0/

The report presents practical performance data"on_' the service waters
heating system utilizing subbituminous coal and describes the developme
of an improved double-tank system for heating water Tor domestic Dburpoies
Over a pericd of ebout 2-1/2 years » the two'systems were used to supply
hot water for a small leboratory using sbout 50 gallons a day, and dbser
vations were made bericdically to find ways to heat weter automaticall
at maximm efficiency and at the lowest cost. o

A siall commeicial  stoker originally designed for heating service :
water with anthracite was. improved, with slight modifications to adapt it
for burning subbituminous coel. The system employed a single storage 1
end & ccmbustion domé to exiract heat frem the coal-burning stoker. It
performed satisfactorily on subbituminons coal, -but the electric-power -
consurption was disproporticnately high, bDecause the stoker and blover
unit operated continucusly. Coi o '

4 double~tank heating system was designed to provide additional hot
vater storage capacity and to increase thé-available heating surface, whi
- Would extract more of  the heat from products of combustion discarded in
single-tank system. The stoker-operating mechanism wes changed to 2110
Lo operete intermittently and:thus take advantage of the reactivity of 8
bituminous coal. This improved system vas operaied for sbout 18 months:
and was tested periodically +o . determine. its performance under actusl-con
ditions developed during normal use, .. R ’

56/ Parry, Y. F., Landers, W. 8., and Goodman, J. B., Automatic Water,
Hoating Utilizing Subbitumineus Cosl: Bureau of Mines Rept. of ™

Invéstigations 3890, 1946, 11 p.
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and doubls-

-Double~tank
gysten systen
Coal burned per day. Srecnsienvenianeass POUNES | 13.5 8.1
Service water used per 487 esasssenss. gallons b7.3 37.0
" Coal used per gellon of water “seseasess POURG - 28 | .22
" ‘Refuse seesessseissaas, percent of coal burned 6.1.. . 4,6
* Ash in refuse .{.;-....'....._."....._.._,‘.'. Dercent 65,0 a.s
Electric power consumed ‘iesss kwe-hr, pér day 2.0 Co.21
Temperature of service water tesciessienes 9F1. 130 165
Uperating costs per month sevresssna., dollars 3.62 .58
+Coal 2t $6,00 per ton N ©l.pg T3
Pewer at 4 cents per KWe=BTs saavarssnnsaa. T 2,40 .25
"Cost per 100 gellons of service water ‘ ’ .
heatecl'..-....‘..‘-...‘........... . .26 .08

: “For several months the Improved ‘syStem furnished. Lot water at a rate
- Of sbout 50 gallons a day for g total operating cost of sbout $1 per month,
" - -including the- of ric + The cost of water from the
- Bingle-tank aystem wes ;
- higher cost of electric

The improved system us ‘opsrated used. about 100,000 B.t.u, Per day ang
‘operated zt an effieiency of 71 4o T2 percent. The electiric DOwer required
¥%de cut from 2.0 to 0.2 kilowatt per day by meking the Stoker. operste in-
.tezmittently. The Iinal design . of the inproved system provided for a coal
- hopper containing 8,0 cublcfeet; which was. enough-fuel .for 1 month's. cper—
. ation wi-thout:réizharging; Thé esh receiver wag. 0,2 cubic~foot capacity and

retained the sash from 300 pounds of coel. . T

-+ - Performance tests .on the improved: system. revezled that water could be
heated frem: 40° Pusto.130° .3, ‘at-a.rate.of 16:gallons an hour. Various
&rades of subbliuminous: siask eoal “wererused: in.the stoker, but it-was op-
S€rved that the unit performed best when coml 1/1€ by 1/2 inch in size was
“USed, Whsn uSiﬂg:'l/.E?-b:y';OfriﬂCha slack coal, Eome troubles were &xperienced
«With' fly:ash. . The.'stoker:‘amheatingsystem were desighed for! subbitumincus
-¢0als; and. the Particulir. system: employed is:hot guditable Tor hizgher-venic
fuels. because: they are not: yeactive enohigh towmaintain a, dive Ffuel bed un-
+Less provisions -aremade for. freguent. blowihg: bf: the bed «  Subbltwminous
‘%ol and lignite will remsin kindled inithe. fuel! bed: for 200 mirnites ]

Minsral Wool #from Rhode Island Anthracite

: Studies are being conducted in cooperation with Rhede Island State
CalYsge o deteriming JifaTslag Sultable for-the mamufacture of mineral wool

'

®an be produced frpra;f@h_i_édg'Iéj_apg.&éﬁthréciﬁe_; Ihe Puél, conteining mere

then 30 percent of high-e111c4 ash, is mixed wilh Loosl lithedtone and gesified
. e
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