|
View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by NASA Technical Reports Server

THOMAS . ATCRISON sad CLIFFORD W. SCHULYE |
fwin Citles Mining Reveureh Center ERECEDING- PAGE BLANK NOTY
Minneipotiy, Minn. K FaeD.

Burea of Mises Research on ‘Néﬁlgéé"l
Lunar Resoarce Utilization

"

—

mmamhmﬁmmsawmwamamm
discipliniary réscareh the basie scicutifie abd cugiteetivg knowledge that «ill be needed o
mmmmmdmwwammwm.mw.
scope, dnd present siatus of the Buresu's prograin siv dietibed inn this papet.

1}

)
i
:

g

1
g



https://core.ac.uk/display/85241739?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ﬁ.—v‘—’

Mnmwmhwmhw

mlumhmfm materials in virgin forin
for as shidding or insolation,
mmdﬂmmﬂ:&mmukfaumm
struction of other applications, aivd in éxtract-
ing froin lunar-surface or near-surface matcrdils

properties
(3) Peramneters of the cirious eneey mmeh-
amismis fhat can accomphish removal of the

and facilities and Emits WASA i totht
frequired (o extend the eurrent i¢ i 15 the
. ) A h.- ..'. ooe

Avtually ibe basie uulﬁl o

.imq:iue(mﬁminnm
lb‘“thtd&ﬂh),mlmm
radiatisn or mrwauita will

mdmt’umu&&m

Tho jrosent progreni éonsists of 16 closely

Mmbi&-ﬁi’m«uﬁnm




RESEARCH OX LUNAR NESOULCE UHiLIZAtioN 6?7

1967 after en initial peviod of background study
apd task definition by the core group. Most
of the tasks are planncd for a 3-year durstion,

although a few are 1- or 2-year survey o
feasibility studies
Malshontholoumdlhemld'
iivolved in the progiam. The¢ number of
tesks &t euch center is indicated. Each tesk
inivolves a multidisciplicsry tedm of from two
to cight restsrchers wotking undér the investi-

mm Each task is & pert of regular
véstarch af the particulay cétiter con-

lytic reduction, cheatical reduction, ond

procescing.
Two of the seven tasks at the Twin Citiss
\Wmmmmmtﬁgmd
. for lunar resburce utilisstion studide.
‘:hﬁmduhu m«m&«:dm
ogelin, coxtiprises the selevtion aid colléction
of matetisls that dmulaté those Liksly 1o be
found on the Moor. Thesecond, whivh incolves
mdmmwﬂumc‘aw,
incorpoiutés these siviulited lunar materials
into the basic fragristntation research curiently
in progress in ovder to deterinine a broed range
dm&ulmdthmtaﬂhm&ﬂh
entironment. Mr. Fogelton will deszribe the
piogress of thess two tasks in another paper in
this volume (ref. 20).
mdmm.&ummm
Mining Resesrch Center
Mnuh t into the dﬁﬁhg
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ore geesis as related to luner mining and will
teport the resufis in anothei: poper in this
volume (ref. 21).

Rock Fraguinitstion sad Bisic Progerty Stmlics

The viber tasks at the Twin Cities Mining
Resesich Center sre aimed primarily st rock
fregmeéntation, hlmdlhemmmmdmg
basic information pertinent to other prublem
aress of mining and te some areas of provessing.
too. They ant all voticerned with the effects of
lubir envirvuament on the properties and
bebavvir of rock.

One of them i= a study’ of chemical resctivity
and cold tdl’l:g of freshly formed surfaces.
This task is under the direction of Chifford
Schuliz and its objective is to messure: equi-
Eletumn constants for the adsorption of guses on
the surfaces of silivate minenils and to relate

them to the fractional coverage necessary to -

inhibit cold welding of vscuum-formed surfaves.
MessuiBmett equipment basx been devised.
constructed, and calibrated. and expevimental
woek is in proghess. These studies will comple-
ment the edrdllent work by Ryux on adhésion
of mineral susfices in ultrabigh vectoam Gref.
23).

In a closely rédated issk, also under the
direction of Schultz, the efect of luner vacuum
on surfece properties of rock is being deter-
mined. llaetlunlucrﬁwnlndﬁdopm
ination oo the fundamental frictional bebavior
of minerel surfaces 65 related to their environ-
met; to essure frictivn, surface enetpy. and
mmdmmrm,uﬂtomm
rélations amotig these surface and
bitweeti surfare avd bulk properties. An ultre-
high vicuum systésh copablé of simulating
lunar vacuuin has beem ﬂned in operativn
toghther with ausilisry eGuipmeént capablé of
Mﬂhmmnlha@uﬂ
whilé éxpefisnents are underway. A devire for
we I the vacuum sysiems to mensure friction
betuedn different mineral and minersl-metal
rombindtion: was designed and coastrucied.

Ouignssing ~twdies were conducted with the
simuleted hamar rovks thet are beiag wed in
this avd other tevenreh tasks. Results of these
strdies wese reported in Ovtober 1967 iref. 24).

Table | shows representative date. Heliable
information on the siate of the test specimen,
pot available it many sacuum tests conducted
previowsly, i esntial for planning or inter-
preting resalts of property mewsurements or
beharional studies in ultzuhigh varnune.

Tasin ). —Ohtgavcing of Simudoted. Lioner
Bocks in UMrahigh Vewim (low Bebvout
Timparatersy

utsussiag

' riouste nite at
Siumgple: PRy, ulrimate;,
17 yoen S 12 yoge
Nive we
Emptx chamber . . L3
Dasite............... ... 20 Nib
Pamiee. ... . .. N 25 20
Tl ... ... 435 K0
Serpentinite. .. ... ...... e Lo
Bosalt, . ... ... ... ... 3 100
Grasediooite. . .. ... . .. » 230

The fifth research task at the Twin Cities
Minizi¢ Keiearch Ceater is under the direciion
of Egons Podnieks. Its objeetive is to determine
the effect of lunar vecuum en the strength and
dsstic propisties of rock and on nek-faillure

end an wirswnic palsing nys«ll for

llnnl\' and sttenuation in
hndmg

An ulirshigh vacunm sysiem for we with

t machive has bem purchased

Its performance charucteristies are identical

with those of the sxstem being wed in the
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surfece propersy studies, but the chamber
eonfignmtion s designed 10 fit the bouding
ram. A bellows s3 tem and specially designed
platens were ecotntrucied and ure being installed
in the chamber. Specimen prepantion and
preconditioning  methods  and  expeviniental
techniques for we in the chamber were worked
out making wse of the experienwe and dista
deve! © " in the surfacc properties studies.
Whilk e ultrahigh vacuum system was being
rewdied for wse. preliminary studies of environ-
mental effects on two simulated lunsr rocks
were curried outl wing tde precure el
Variation of specimen environment from water-
vaperseiunted, atmospheric pressure to ultre-
dry, thoderate vacuum (X075 torr) produced
significant chinges in sirength and elastic
propesties. Of particular interest to the study
of fallure michanisms wer® indicutions in the
motderuteé vecuum tests of depusing bumsis,
which oceurréd simultoncoudy with mierw-
seismic poise indications picked op by the
pulsing system. s the load-versus-defosrmation
curve became vonlinenr just piior to failure of
the sptcimen. Quantitative messirement of
ibe estent and vature of such votgesing will
be possible in the ultrahigh vacoum chamber.

The sitth revewrch task ot the Twin Cities
Mining Hesewrch Center is a 2-veur study.
schoduled to bDe completed in 1968, of the
fewsibility of extending to lunar vecuum en-
tirorment current thermal fragmentation stud-
ies and property messuremdnts at edlevated
tempetatudes. T" o task. which is under the
direction of Hobest Marovelli, akso includes
messurements at atmospheric préssure of ther-
mophiysical. stiength. and elastic properties of
rock over the lunar-tempervturé ninge. In
this latter phast of the k. mésuréménts of
therinal expansivn. temsile strength. and bend-
ing sttéogth have beén complited on 10 simu-
lated lunar rocks. For miet of the ks the
expaisivn cveficient incresses with incressing
temperature in o uniform meaner through the
lunai-tempersiure range. Rock strengths are
siguificantly greater at the loe end and signili-
contly smalicr st the high esd of the lunar
range than sfe room-temperature values. The
strength of besalt wes found o iactewse 30
pereent in guiug from room to liguid nitrogen

tempevature (ref. 23). Mewsurements of ther-
mal conductivity are in progres amd attempts
to rediive the size of specimens needed for these
mevwstirements s they may eventually be
vonducted in the Uenter’s vucuum ehambers
have been successful.

High-energy elvtmthermal techiniques of
ek frugmentsiin ate of major interest for
lunar spplicutiva. Direct we of edtricsd
euetyr on the Moon hav smdvantages over
mechunival or exphwive enérgy. and bhigh
voltuges and high frequenvies may be wore
mansgeable in the Innar envizvoment than thet
are o Earth. In order tv help deterniine the
fewsibility of studving thermal fraginectation
in simulated lunar vecuum. osdest vacuum
capubilisy (20~ tosr at 20007 ) wos added to o
recently purchaséd thésmal shock sésearch
fumace. Thevimal fruginetiatiovn stadis ovet
the presure and tempéniture rangé of this
equipment wre in progrtss.

Use of o kigh-tempersture furnare similar to»
the thertae! shoek fumaee is not prictiesl in o
small ultehigh veraum system becawse the
beating eletbents subdime. Other héat sources
in ose at the Cénter. sach o the oxyypen lince
and plasma torch, aré even léss praefical. A
more promising heat sourcé is the high-fire-
quency dieléetric heating spparstus. However.
fragmentation technigues involve multielee-
trode armays and mesningful resalts require test
specimeins a cubir foot or larger in site. Prob-
ably the most réaliiic approsxch for imitial
studies of thermal fregmentativn in lunar
vacuum s & combination of & smull veruum
chamber and an esteérnal heat sourve. such av o
luser. of the focused emergy from oune of the
mure conventivns] bight sourres.  Final récom-
méndstions will b¢ midé aftér the studiés in
the thermal shoek furmsce are compleied.

The sévinth veséarch tisk ot the Twin Citisi
Mining Keicarch Cepter is s stndy of the basie
peoblesss invvived in driling om the Movo.
The effects of lunar vecvum and temperitures
va cutiings removal and on cvolinge and lubricat-
ing bits are being investigeted undes the diree-
tion of Jemer Fuae who will repoet the
progress of this nork a« past of & pepsr on hinar
drilling in thic volume (vef. 22).

The last of the current research tanks o the
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area of rock fragmentation bs located
ot the Buresu's Pittsburgh Explosives He-
search Center where informution relevant to
the use of explosives on the Moon is béing
developed under the divection of Frank Gibson.
Problenss of safety and contsminstion weigh
aguinst 1he use of explosives, but sheit efficieny
and veratility onike thews very dttractive ws »
peittiaiy tool for lindr eScuvating. The work
ot Fivisbutgh B8 eliued ot minfutizing possible
hadards sssocisted with tle storsge, handling.
and use of explosives it an cuvironnient chasdes
terited by high vacuum, extreme temperatires,
and a flus of stial) hypetvelocity particles.
Shiort-tess efféets of lox poensure (10-* ‘orr)
and lubar fetnversturé extrmnes on explosive
sensitivity and detonation velocity were in-
vostiguted using several mxplosiven with rtability
charueteristics that muke them candidites for
lusier applestion. The ouly significant efféct
detected was & decrtase in sénsitivity et low
tempetutures.  X-ray ersstallography end thin-
filin chroruatogruphy aré being investigated as
méthods for defection of possible long-termn
The sensitivity of éxplosives to initiation by
isupuet of steall partizies, such &s wight ozcnr

i
I

paogires.

A third phusé of this task consists of the
study of e:plmite blist-wave propagution in
low-pressure envirvument. Particularly eriti-

mflmmkmnwbyﬂocpb-
sive gaser wher mo atmosphere opposes
espanding geoes. A 12-F0t ﬁphnnl ﬁinp

chamber is beiag equipped to study detonation
of 100~ to 1000-gram charges st pre<sures of the
vrder of $0°* tor.

Msterlal- and
Bamiiing avd Geonnd-Supgert

Two resesrch tusks aré being curried out at
the Burdau’s Spoking Mining Kesewreh Laba-
rutudy, one concetned with materinlhandling
probleras and one with ground-support probd-
lems. The fitws is » study undertbﬁdn&tim
of Duvid Nicholson of the effect of funar
environment on the behavior of fine particles.
Buresu studies of the behavior of fine-particle
sturries wed in mine dackSll applications have
beens extended to inelude dry fine particles sind
lunat vecuum. tempenstute. snd gravity
influestees.

Stafic sbd dyvsniic frictioual propesties
important in handling, trentsporting. and
stowing fine particles are beltg messured. first
in evotrolled stmosphere and then in
lunsy véeuum. Property messurement tech-
nijues aré desighed so that vacuum tests can
be performed in the Bursaa’s ultrahigh veeuum
chimbers st the Twin Citiés Center. Param-
eters included in the propenty studies, in
addition fo environmeént, are eomposition,
dénsity of pecking. sia# distribution, and shape.

Yy messuréments in Baith atmosphere
aré being niade on both besalt prepared in an
impect mill snd besalt prepared in a ball wmill.
Easalt prepared in the impect mill. and having
a particlesize distribution close to that deter-
mined for the lonar surface from the Suiveyor
111 pictures, detnonstrited a substantial degree
of cohesion after modérete mmn.
Trénchin? of the pefectly dry material in
ootiial Estth atmospheré pfodiced rvesults
qualitetivdy idétiticsd with thase of the Sar-
veyor 1 treiching €Speriment.

In the sécond task at thi¢ Spokane Labors-
tory, protection and support problens for
underground lunar shelfters are balg studied
under Robért Bates. Research is being con-
ducted on the properties of syntbetic materials.
sich as foamed plastics. and netursl materiake.
such as sulfur. The loed-bebavior relations
for underground hnimgs in the lunar suviron-
ment are being studied.
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The iacet important factom éontrofling
lunar shelter dewign have been delinested,
They include rediation, meteorite, and thermal
protection, sealing for internal pressuriastion,
snd stabilisy and support of ground. At
depths levn than 25 feet, the primury concem
is adequisite radistion and metenFite pirotection,
Below 180 feet, supifurt for overburden loads
becomes importént. Between 25 atid 150 feet,
the only significant problem is nealifig to retain
internal prewsure. Beciuse the most pireweing
peoblems are those involved in construeting

nedi-surface shelters using indigenons materialy,

emphasis s being placed v using persible
lunafsutface materials for protéction and
. The five retngining research tasks in the
Burewd's progissn aré concemned with the
different probleth aress of processing tech-
uelogy. Four of these are devoted to funda-
menitai probléms of extracting wx47 or oxygen
from lunar rocks. The importance of studying
these problems was pointed out at the first

meeting of the Working Group on Extra-

teivestrial Rés: “ces in 1982 (refs. 28 ¢ 28),
and the recomn:. datiotis of the Working
Group (ref. 2). stimu. ted research on some of
the problems. The Buresu’s task= are intended
to supplement the excellent work that has been
done by otbers over the pust jevera! yeurs.

Oue of the tasks falls in the problem ares of
minera] beneficiation. Foster Frass at the
College Park Metallurgy Hesearch Center is
investigsting adeorftion and coutact eetii-
fication in & vacuum to determine their effects
on the sepurabilify of nonsonducting minerls.
The possidility of workiiig with mineral con-
centrates rather than rocks to extract water or
oxygen is an appealing one because of the lower
enérgy réquirétients snd higher productivity.
If ixdrusive igueous rocks are found on the
Moon. concentration of minerals which are
ensily seduced or contain significant amounts
of water may be s good powsibility. for the
grain size of intrusive rocks is aonmnally larger
than that of extrusive rucks.

Equipment which has been designed and
coustructed for the College Park tenk includes

a stainless-steel vacuum chamber with a turbe-
molecular pump and bakeout system capable
of 107 torr, a vibrating electrifier with bellows
feedthrough, a feed hopper, and a panticle
recireulating wystem.  Initisl tests using » mix-
ture of Guarta abd micmcline particles about
one-hall millinieter ifi size sve in progress.

The reseaich task at thie Albany Metalligy
Research Center is related to the problems of
thermal decomponitions.  Hel Kelfy is divecting
& 2.year study of the stability of hydgous
silicstes and oxides in high-tempersture and
highvacuum envimfiment. The presence on
the Moon of hydrothesraully altered rocks,
because of their high water content and the
telative essé with which water can be extracted,
would be of major impostance foe lufiar resource
utilizativn. This cléw of rocks has beets the
subjéct of intensive investigation (réfs. 29 to
38). The work at Albany is providing data
previoudy lacking on the probable stebiliiy of
various minecals oit the lunar surface and the
epevgy requited to fetiiove water of oxygen
from these minerals by thermal decomposition
in a high-vacuum environment. »

Differential thevmial analysis (DTA) and
shérinvgravitietric analyiis (TGA) eguigment
at Albdny wei¢ modibied to providé testing
capability in eit and iit vacuum down to 10-*
torT at temperatures up to 1200° C. Specially
designed tantalum calorimeter parts permit
DTA measurements up to 1800° C in vacuum.
Data bave been cbtained on one or more
wmifierals in the olivine. mica. zeolite, epidote.
betixite. and amphibole groups. Other min-
erals are presetitly being tésted.

Inforiiiation needéd to determine the feasi-
bility of elécurowinning oxggen from silicite
toeks s being obtainéd in the research task
under Donald Kesterke at the Bureau's Heno
Metsllurgy Kesearch Céntér. Thé mout resd-
mnﬂnlile raw matérial on the Moon is
ikely to be extrusive igneous rocks. Oxygen is
prosent in these rucks in the form of silicates
and oxides. Production of oxygen by electrolysis
of molten ruck is theoretically possible. through
modification of techniques developed for pre-
paring various reactive metaks by fused-Buoside
electrolysin of their oxides. Previous investigs-
tions of this methed of oxygen production
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(refs. 33 and 38) have shown a need for more

information fo determine whether it muy be

practica). The work st Renn is aimed m
determining the fundamental physical and
electrical properties of varions silicate melis
and finding snituble nourenctive electrode and
crucible mnterials for use with the melts,

Various silicate rcks wen? tested to deter-
mine their melting chacucteristien, relative
vinewmities, and relative eleetrical conductivities.
Fluing agents in annimts of 10 aeight-perceat
weére required to promote fluidity and con-
duetivity in the 1200° tn 1L506° C© temperature
range. Fluoride, oxide, borate, and phonphate
sgents were avaluated. Silicate melts con-
taining lithinm fyoride were the mest con-
ductive. Incressing the temperatures of the
melts to the 1400° te 1500° CC range improved
conduciivities by factues of two or three
compared  with conductivities at 1300° C.
Cugrents of more than 100 amperes at 40 volts
can he attained at 1500 .

Consumable graphite electrodes are being
used in the experimental work. Investigation
of posdble nenresciive electrode materials,
which would be desirable for successful lunar

spplication. has been disappointing. Experi-

ments with platinum and iridium exposed to
1200° to 1500* C melts resulted in complete
dissolution or severe corrosion of the metals
within a short time after immersion.  Attempts
to saturate hot-piressed boron nitride with a
silicate-flux mixture for possible use as an
electrode miaterial were unsuccess’. Search
for suitable materials will conta ..

The fourth task related to the extraction of
weter or oxygen from rock is in the problem
ares of cheutical veduction. Dr. Senss Khals-
falla at the Twin Cities Metallurgy Kesearch
Center is supervising o study of the basic
wechanisn and reaction kinetics involved in
the reduetion of silicates with carbon.  The re-
duetion of silicates with carbon i« neither new
wor exntic. It i the bass for a substantial
ferruntlicen indistry in this countey and Canada.
Rocenberg and others. studying the manufar-
ture of dxygen from lunar materisks. demon-
strated that a chwedcyele silicate reduction
by methane can be cartied out with virtually
e lore of methane itef. 37). However. very

little fundamental kinetic data ore available
o direct resliction by carhon.

 Dr. Khalufalla's group is obtaining such dats
for reactions between earbon awd  varions
oxiddes and silicates in a vacnum furnace. A
simple mineral system (silicw) i+ helug studied
fimt.  More complex inineral nystems (sificates)
will be hisventiguted later.

The degree of restuction of wilica-graphite
mixtnres in both bwne ponder wind briquet
forin was studiesd at presures below 10°2 tore
anid temperntures up to 1400° ¢ Graphite
particle size was varied fran 0 to 2hmillimetens
and vilicw size from 000 to 1.4 millimeter.
Maximum reaction eccurred with a reactant
yarticle size of abunt .10 millimeter.  With
thix size, the bed ponmity waa sufficient to
permit the escape of carbon monexide while
secnring maximum interparticle contacts.  Me-
far ratins of silica to graphite were vatied from
0.03 to 6.5, with maximum reaction at » ratie
of about 2. The reaction apprared to be »
solidsolid one hnt invelving gereous inter-
mediates, as a better correlation of the extent .
of reactivn was found with number of intér-
particle contacts than with surface ares of the
reactants. In a Shour perimd ot 1400° C.
over half of the oxygen precent was extracted
from an equimolar mixture of 0.15 millimeter
silica and graphite powder.

Dr. Khalafalla’s group abo completed o
1-yearstudy of the feasibility of reducing silicates
with activated hydrogen in & paasma torch.
They concluded that the process was not
feasible, although the phenomena invelved in
mineral diwociation in the high-temperature

_ plasma arc might be worth further investigation.
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