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: . Preverting Spontanecus Cophustion in Steored Coal

Winether a bartz;*1u¢ ccal under given storags conditionz will heat from
gpentaneous corpuation to any UFQESLr wble exvent depends upon meny fectors,
A theorough discussicn of the signiTicapce of the.asveral factors directly
~plated to heating of the coal pile during shorage, satisfactory methods of
gtorage, and BGtDCuS/Of measuring and controliling uempefwtu:es was presented
in a rocent peper ».2%/ The factors include: (1) The tendency of the partie-
alzr cocal to absorb oxygen; {2) the temperature at whlcn tiie coal is plled;
(3) the Tireness of any pyrite present; (4} the original size of ccal and
the deébendent surface area; (5) the tsndency of the coal to slack; (6) the
moistiire conditions; (7) the volume of air available to the cozl permitted
by csﬁi;tiors of ventilation throughout the storage piles; (6) the presencs
of Torelgn substances, suchk as woed, strav, and refuse; (9) the possibilities
of dlss1patlﬁp eny heat develcped; and (10) any added heat from external
aources. 1i thege complex factors are evaluated correctly and means are
available carry coul proper methods neeﬁea in ezch instance, it is not
difficult gtore coal satiglaciorily. Satisfactory storage methods must
be devised primsrily with coﬁsiderations of the type and size of coal, its
fresdom frem Torelgn materials, and practices that elther prevent access of
air to the coal entirely or provide Tor encugh air throughout the pile to
carry away the heat as rapldliy as it develops. Methods of storage con-
gidered inciuded: (1) Storing under water: {2) storing in an open plt in
the earth; (3) storing slack in lsyers, eithsr compacted or loose; (k)
capping the ccal pile with airtight coverings; (5) storing in bins, bunkers,
end silos; (&) storing sized coals; and (7) storage in the honme,

ok ot
o O

Storzges of Subbituminous Coal

Storage of 10 tens of lump subbituminous ceoal Iew £ months in a tight
bin in a typicel six-rocm brick dungelow showsd no “lgnlﬁlcaﬂb changes in
the physical and chemical properities of the ccal, and the stored ceoal gave
excellent perfcrmance in a hand-Tired ;urnace.;if The coul was leveled in
the bin end covered with wrapning paper to prevent flow of air through the
Plle, During the storege pericd the moisture contens changed from 23.6 to

21,1 percent, the heating value from 13,270 to 13,060 B.t,u. per pound (dry,

ash-Cree basis), the friebility from 21 tc 26 percsnt, and the Bureau of
Mines slacking index from 65 tc 6L percent. Visuwal inspection of the coal
revealed 1it lc degradation, The maximum temperature of 800 ¥. in the ccal
was reached after 72 days and then decreased gradually to 65° F, During

the 8 months storage period the ountside temperature ranged from 18° to

100° 7, P“"cfmarce of the stored coal in a hand-Pired furnace in the sans
Tegidence during cold weather under normal conditicns of use domonstrated
thet an average of 2.95 pounds cof 9,850 B,t.u. coal, or 23,500 net available

EE] Barkley, Jde F., Preventing Spontancous Combustlon in Stored Coal: Smoke
Prevention Assoc. of Amsrica, Inc., Manual of Instructions on Froper
~ Firing Methods, 1943, pp. 1-Ta.
33/ temders, W, S., and Parry, V. F,, Domestic Storage of Subbituminous
Lump Coal and Its Performance in a Hand-Fired Furnace: Bureau of
Mines Rent. of Investigations 3759, 1944, 17 pp.

539 - 27 -

e

R




I.C. 7322

B,t.U. Was required per day per degree day (60% F. base). Fiy-ash-losses
during the test were 2.4 percent of the ash charged in the coal., During
the open-drait perlods cf the test the indicated over-all heating ef-
ficiency was about 69 percent. Maximum efficiency obitaineble with this
ceal under practical conditions was 8¢.9 percent. '

tudies of the storage of large quantities ¢f subbltuminous slack coal ™
for industrisl purposes was continued. The Subbituminous Coal and Lignite
Sectlon of the Bureau of Mines at Golden, Colo., in cooperation with the
Great Western Sugar Co., Brush, Colo., studied stored coal 1in an open
concrete plt, filled with l),BO ¢ tons of coal From verious mines of the
Korthern Colorado field, during the period from February to May 15, 194k,
The coal was placed in 3-foou 1aJers and compacted by a tractor to a bulk
density of 58 pounds per cubic:-foot. The tota3 deptﬁ of coal in the bin,
after compecting, was about 15 feet. Table 1 give the regulis of *ﬂmpera-
ture deberminaticnsg of the coal plle. The data snow that p“aut¢callv al
oxygen has been eliminated from the gases beﬂeau4 the surface of ths plle
and that about cne-third of the oxygen of +the air was absorbed by the coal
and not liherated as preducis of oxidatieon. Th¢s study and eariier demon-
gtrations prove that subbitumincus coal can be s?o ed satls¢a0103¢ly in
cpen, dry f¢uu.

Influence of Storage on‘Caking and Coking Propertiss of Cdal

The effect of storage or oxidatioﬁ upent the coke-making properties of
coals ig of great importance to commercisl coke-cven cperators who must -
either store large amounte of coal te insure contimmous plant operation or
ship coal for long distances which may involve extendsd- storage periods,
either at the mine or at the site of The coke ovens. Two representative
samples of ccal From the Eagle and the Elkhorn Te. 3 coal beds have been
recently tesied and thelr relative stoflng qua ities deucrm¢nﬂa. Four-
hundrea-pound gerples of these coa,h, gtage-crushad to O« /L inch alze.’
were oxidized progreasively at lCO . 1n air in o rouery, sueum—*ackeued _
cxldation apﬁarhius and then carbonnzed at 800% C. Values for the "4 ablliw
of coking pover"” are given in table 2, and the offeécts of these accelerated’
weathering Tests on the coks szﬂenbth indexes are shown‘graphlcally in Ilﬁum
%, For comparstive purposes data that have been ohtained on two gamples of
Pittsburgh-hed cozl from different. mines have been included.

Q

T"ﬂQ 76 W3oh of time thet a sample of coal can withstand tho action of airy

at 1007 §, to causs & 15-percent reduction 1 _p ‘ite coké-ebtrength index is
definsd ag the "durabllity of cokinp power.” This value for the EFagle-bed
coal is almoft as large asg that for the sample of Pittsburgh-bed coal from

the Warden mine and is double that for the sample of Pittsburgh-bed coal

from the ?“uceuoh wine. The coking powsrs of the Hikhern No, 3-bed coal

are only 46 percent as resistant to storags as those of +the sample of 2 4
Pittaburgh-bed coal Trom the Brucebon mine, o : '
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pABLE 1. - Observed temperature and ccmposition of gas in supbitumingus
coal storsd in cpen pit &b Brush, Colc., June 27, 10LLL/

i i Composition of gases at |t feet, percent

station Temperatures in the coal'¥w,|: E f ; | Oxygen
nwmber 5 E ey é 6 oot | 9 Teor ; i? CCQ ; Oe Co J Ng aDqubedg/
T 150 | o8 a5 I 13.5 .03 0.0 The.2 52
~ 150 10 5 ! : |
A R A s | 120 | | :
D 150 1‘§ - , B0 .2l 0 87,8 +0
i35 | 10 92 | . |
5 172 110 95 i 12,1 | .3 L0187, ho
5 25 | oac0 8z ? ? | -
§ 125 | 105 e i |
5 122 o7 0 TeT (k3| W0 880 k2
10 125 105 = | i -
12 130 105 35 | |
13 128 1103 &7 B L RN P 29 ;
1k 133 110 90
15 128 105 a5 ek | .8 3 86,5 54
1% 1ho | 110 &7 | ! |
17 132 w8 I 85 i 1.3 0L 01883 o
18 135 | 112 &2 ’ |
19 137 110 85 ookl .2 L0 8.7 30
20 132 | 100 33 1- ;
Tveress] 15 106 88 _ 115 (1.5 3 TE6E 22

Average entire pit, 108C 7, .

1/ Observations made at 20 stations, 50 feet rrom walls of pit and 40 feet
apart. Length of pit is 423 Teet, width 100 Teet, and ceal depth about
15 Test, The pit ccntains about 13,300 tons of ccal placed in approxi-
rately 3-foot compacted layers during the pericd from February to Mey
15, 1G4, Top curface of p‘t iz level 2nd compacted to give toial
average bulk dena1+y of ;; pounds per cubic foot.

. . ’ I - O0A KR \
2/ Oxygen absorbed, “% (3 o + CCp Co + Rg}
o T C.505 2 .
sercent = 100 X — , Baged om wlbi-
) ' mate COE = 19.]_
do o Nz percent.
C.009

TABLE 2, - Sources, rark, and durability of ccling pover of the cosls tested

iDurebility of| Ratioc to
_ icoking power, | Pittaburgh bed,
Coal and Source Rank T15 days Bruceton mine

Pittsburzh be ed, Warden mine,

Allegheny Ccuntv Pa, High-volatile 4 28,5 2,11 :
Pittasburgh bed, russton mins,! S 1

Allegheny Coun ty, Pa. do 13.5 1.00 1
Eogle ved, (proarect hele), ; \ 5

Kemnesine. County, W. Va. _ do 27.8 2.0% 3
Elxhorn Wo. % bed, Wheelwright Q
- Tine, ﬁ;ﬁ}d CChnuJ, Ky. _ da 6,2 ! L6 2
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The small figures on the curves of figure > show how much cxygen the

coal has comeumed during the corregponding time of accelerated veathering
. &8 shown on the {(abscissa). Exemination of these curves indicates Lhat
the Begle-bed cozl oxidizes a* a slower rate than any of the other thres
coals whils the Elkhorn No. 5-bed coal consumes oxygen Taster than any of
the other ccals showm.

Spontancous-Heating of Stored Ceal

The relative tendencies of a number of coals to heat spontaneously in
storage have been measured in the Bureau of Mines laborstory by two differ-
ent methods., In the first Procedure, the characteristic oxidation rate of
a 0-1/L-inch sample of the coal at 1000 C. in air is measured through the
use of a 50-pound, rotary, steam-jacketed ggyipment similar in cperation to
the L00-pound equipnent desciibed earlier.2®/ The gecond procedure Invclveg
the drying of = sample ©of 0- +o 1/k-inch coal at 1000 C. in an inert atmos-
phere and then placing the dried coal in an adlabatic type calorimeter of
110 peunds capacity, heating to the temperature at which it is desirable to
gtart the test, and then passing oxygen up through the apraratus at such a
rate that an atfmosphers containing &5 percent or more oxygen is maintained
in contact with the ccal, The rise in temperature of the coal ig a measure |
of the vemdency of the coal to heat spontaneously in storage,

Table' 5 gives the results thet have been obtained for several of the
coals tegted by the two methods, The agreement between the two types of
tests iz good For the high-volatile A coals and seenms Tairly satisfactory
for the subbiiuminous coals and lignite, These latter coals arc much
more apt to cause trouble through spontaneous heating during storage than
bhe high-volatile A coals, and because of their high reaction rates, it ia
difficult +o neasure accurately their tendencies o heat,

Figure b gives the cxperimental eelf-heating curves that were obtained
from the adiabatic calorimeter teste, To comparc the tendencies of these
coals to heat, it is necessary to caleulate the heating rates at some defi-
nite temperature, such as 100° (. Thus, although the curve for the Fagle
coal starts at slightly less then 100° C. and the Pitteburgh bed between
70% and 80° C., their sslf-heating tendencies can be compared by a com-
perison of their rates of temersture rise at 100° C. The self-heating
curves show that the Monarch ccal znd the lignite samples are the most
likely %c heat in gtorage; the Healy River coal is somewhat less likely
to cause trouble; the Eikhorn Wes 3 bed coal is much less likely to heat
than thé lower-rank coals, but 1t is about twice as lisble o cauge trouble
as the Pittsburgh-ted and Eegle-bed camples; The average mumerical values
of the relative tendencies Tor these coals to heat spontanecusly are given
in the last column of Table A

56/ Schmidt, L. D., ena Elder, J. L., Atmospheric Cxidation of Coel at
Moderate Temperatures - Rates of the Oxidation Reacticn for Repre-
sentative Cdking Coals: Ind. BEng. Chem. (Ind. #d.), vol. 32,
February 19k0, pp. 245-256, '
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UTTLIZATION OF COAL
Combusticon

Tuel-Engineering Service

Ths F\ﬁl-Ep":neeang Service is a consulting service Turnished by Burea'
engineers to other Federal agencles with respect tc the selection and use Qf
Tuels and squiptient for burning fuels, Speclal surveys were made at the ;
reguest cf the Kevy Department, the Department of Agricultture, the Veterang
Admin*SBrauion, the Procurement Division, ‘and & number of Govermment heat-
ing plante in the Washington (D, C.) arez. A& survey of the new power plant:
at Patuxent River Naval Station provided informetion for selsciing the
Yroper coel for vse in this plant, Cperation difficuities caused by the
corrosion of tubes in two boilere at the Washingbon Navy Yard were investi-
gated, and various changes were recommended as temporary measures Lo insupre
continued operation. Acceptance teste on new dust collsctors and induced-
draft fang &t the Horticulture Station of the Depsritment of Agriculturs at
Beltsvilile, Md,, were completed, At the request of the Veierans Adminig. -
tratlon, azllciency celeulations were made for proposed new boiler equip-
ment oo Lyons, N. J., and plents at Sheridan, Wyo., and Bowney, Ili,, wers
studic& te determine suitable types of stokers, Two heating plents cf the
Housing Administration in the vicinity of Arlingtcon, Va,, were examined to
eatablish the vest types of coal, changes in equipment, and operating routing
and resulting recommendations wers mede %o the Produrement Division, Proper.
routine operating practices were “eUOJBsnceu at the heating plant of the
Colurbia Institute for the Deaf, Studies and resulting recormendations wefe
made on equipment changss at ths Cuﬂlt01 Power Plent and at the new power
plant at St, Elizabeths Hospitel, Investigations of stoker operaticns,
burning of enthracite-bitumincus coal mixtures, and pogeible cerry-over of
cil into the beiler were conducted at the District Building, Tezts were
made on & new incinerator in the Goverrment Yrinting Cffice, An acceptance .
test was mede of a new boiler Teed-waber heater iu the Glen Dale Sanitariumf
and necessary changes in operation were recommended, Consultling service
was rendered verious Government agencies on the analvses of bids and awards |
for ths purchase cf fuel and on related matters involy ving fusl purchases, as,
effected by war conditions. ;

5

Boiler Fecd-Water Conditioning

Analyses and resulting recommendations were made for 18,685 sampies o*,
water subritted by Federal agenciss duwring the fiscal year, This nunber was,
t of the previous year, A large pari of the increszse -

elmost triple thz
17,894 samples in 211 - was to insure adeguate supplies of suiteble waters
for the War Department. Reports were made on gnalysss of 7 boller com-
pounds and 45 boiler sca les, sludges, or deposiis, Thrse hundred and nlnety‘
‘nine gpecial Burean of Mines ficld boiler-water test ki ts, 11,361 boitlses
of chemiczl reagents, and 10 5712 test-kit replacement items were distributed;
mostly to Army pests in this coumt ry and overssas, A simple tost kit was :
developed Tor determining tho cuusticity of bciler water for beilers being
operated overseas by the Army,., An investigation was mede for the War

539 - 22 -

N




I.C, 7322
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Department on the causez of correcsion in return feed lines at Chanuts Field
in I1linois, A special regearch study cof this prcblem is being continued
at that fizld with the cooperation of the War Depariment, Plant surveys
5 were conducted at the request of Gallinger Hospital, St. Elizabeths Hespital,
3 +the Home for Aged and Infirm, the Southwest Health Center, and the Garbage
" geduction Flant to sclve certain water problems, At the rejuest of the

B

’ Bureau-; Federal Public Housing Authority, an address on boller feed-water condition-

use of g ing was given in New York City before a called meeting of supsrinbendents

e 3 of vericus housing projects. Personal instruction in testing beller water

serens @ wes given to cperators at the National Treining School for Boys, the Capitol

eat-  § Power Flant, and the District Building., At the request of ths Procurenment

plent 3 Divisicon specificaticons for polyphosphates were formulated for use in the

> 3 General Schedule of Supplies., Several new types of polyphosphates were B
-ne . " investigated for possible use in Government plants, Consulting service on ER
restl- B vericus other problems was given to 3% different Government establishments E%
insure g in Washington, D. C., and in 7 States. it
wed- ] %i
G at 4 Corrosion of steam-heating systems is due primarily to carbeon dioxide,

1}5' J:ﬂ: which acidifies the condensate., One nethod of preventing corrosion is te

1+p- i introduce cnough amine into the stcam to neutralize the acidity. The use

were B of cyclchexylemine for this purpose has been studied Ttoih in the laboratory

S the K and in an operating system.2L/ This amine is quite volaiile and leaves the

3 to B *:boiler with the stsam relatively quickiy after it enters with the Tecdwater,
routing g - To maintain an alkaline condition continuously in the condensate at treps

Properf ' "“and heaters, freguent and proferably comtinuous additions of amine should

he ; be made to the system. TLosses of the amine cccur at vents in the system,

18 Wers quentities of the chemical being found in the vented vapors from the de-

wer asrating heater, In a system ithat is amine-treated all of the carbon dioxids

3 . in the stean tends to be fixed in the condensate.

er of :

Cyclohexylemine treatment has helped to reduce the return-condensate
corrosion in stesm-heating systems, The amine probably can inhiblt corrosion
in the manner psculier to the nitrogenous bases Lo which it is related.

_although this dispadvantege is nct ungurmovntabls, all of the defescts in the
fluse of cyclohexylamine in steam systems are due to its excessive volatility.

Smoke Abvatement

Work was continued by a committee of the American Society of Mechanical
IEngineers on the formulation of a model smoke law., Agreements on various
8ectlons of the law were reached and assignments made Tor new work. A joint
Deeting wag held with a subcommittee of the American Sccisty for Testing
Materialsg %o cocrdinate certain Teatures of the work, Consuiting service
Y&s given representatives of Alexandria, Va,, and of Salt Lade City, Utah,
1N cormection with their smoke prcblemg and development of proper methods
of contrel, :

§i7~5355k, A, A,, Obgsrvations on the Use of Cyclohexylamine in Steam-Heat-
ing Sysbems: Bureau of Mines Rept. of Investigations 3754, 194k, k2
Dp.; abs. Combustion, vel. 16, August 194k, », 51,
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How_to Save Fusl

?report WﬁlC“ apae zred in several other places during the fizcal year lQhB 29

fieciency Council. DPlans were devised to cerry out a fuel-conservation

_p01nt6d. Thesge coordinat orn“qnn01nu their owmn +n&1V1dua1 advisory councils

wgeneral. program,a Interest in the hatlonal Fuel Eff¢01enuy Progrenm ig being

. -well 2s by write-ups in popular megazines, industrial "house organs,” and

%+ sResearch and Technologic Work bn Coal Fiscal Year 19L3 ~Burcau of

r“fldeS'Dfeo.d demc.nd Tor pract1 cul information that everyone can uge in an
effective mamner to save fuel wes met by additional publications2®/ of a

Tatlonal FLel E&vlclency Prog“

Currenn requ;vements, estimated ‘production, and distribution of fuels
3ust1fj & thorough-analysis of all factors Involved in efficient fuel
ubilization or of the energy derived Irom.lt. chvea51ng difficulties re-
sulting from the shortage of labor'in the productlon, trangportation, and
distribution of Fuel and from frequent break-downs Gf overloaded and worn-
out_equinment'have Tocused direct attnntﬁon on anJ and ali means that may
be -used to conserve fuels and to improve their utilization. The Naticnal
Fuel Efficiency Program was emtabllqhed to meet thess objectlves. Twelve
leading fuel englneers wsre selected to derve as the National Fuel ET-

program by volunteer effort on the pert of fuel users. These plans in-
cluded dividing the Urnited States into various areas, each of which is.
superwlmed by & vcluntee” coo“dlnator. hg of June 30, l9hh 111 coordi~’
- nators - outsbandﬂng men in their yespective commmmities - had been ap-

under whom are 5,000 volunteer ‘'regional engineers.” These engineers vislt |
1nd1v1dual fuel-hurning pWants, obiain pledges of the managemsnt o cooperat
in-the program and tc appoint one of their empldyees 25 a “waste chaser,™.
end with the waste chaser Inspect the‘plant to determine possiblie savlngs.
..The engineers slso supply the plants with “quiz sheets.” -These ghort,
thought-provoking questlons and—answer sheets were prcparea by commlttees
representing the test engineering tnought of various industries of all

- phages - of fusl burning and utilization of - heat and energy. Sublect itens,
including bibliographies for 20.guiz sheets, have been completed, ‘Paid
personnel in district cffices. at Chﬁcabo, I1l., and Indianspolis, Ind,,

- &psist the voluntery coordlnauors in an essigned district to further the

evidenced by requests for talks before varicus national and local societies -
and groups in the larger cities. Free publicity on this program has been
furnished by two-page advertisements in leading technilcal publications, as

press releases.  Excerpis from addresses by Bureau of Mines persommel oute
Aining Lhe a?ms and progress of- the National Fuel Efficiency Program were
pabllabed ”%e 1mmense value of ‘this bread pvogfam.fof conserv_ng and

;_/ Bahﬁle», d._z ?vavent Fuel Waste For War: Factory Manugemant and
.. .. Maintenance, Vol 101, July 1943, p. 16J+ P:lerico Frr'ebox, Julj
August 1913, p. 11.
_2/ Flelane;, A, C., Beltz, J, €., =nd Fisher, F. L., Annwal Report of
_ Mines “Inf. Circ, 7272, 164k, 58 pp. .
60/ Fuel Efficiency Progrem: Smoke {Official Bull., Smokc Prevenblon
Assoc. America, Inc,), vol. 11, No, 6, June 1944, 2 Do
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