roduced o deterzine a racyo af symthoels-gas composltices aintlanle Zor eEnerli-
rental work, Az 3 result of this wery, 1% has bean dcpmgnstratad that s wide rasge
of sy=thesizc-gas corpozitizons can we prodiced o & sommercial scale enc That tre
Ep: 00 rE-ic CAN bte contrslles as resulTed.

; Tres Buress of Minss rcssarch progrem oo zrofducing syrtheslz gas fpawr, coal =t
Momgantown, W. Ve,, was des:ribﬂﬂ.éif

LoaNETalTIon OF Coal BY DIRRCT ZYDRCCENATTING
BESEARCE AND TEVELCTMERT

Tumshicn of Sclverfs and Tetalyels in Farly Sloacz of Coml Ivdrpgenstion
) ¥ T

Aoticn of Solvents

Im mast of the =srly reaearch on the zalveot extraction of golii pyrobituming:e
meterinla, such =5 zosl, Lignite, and pess, miyturss of shenois and tetrabyironszh-
thaleme, i wiich the ratis of hydroeerban to pienoiz in the aplvent nixturc is cus-
tomarily sboms 4:l, were usel, ID reoers workﬁiﬁ greatly lxproved Flclds of solible
pEteriais ware shbtained by 2sizg as Toe solrent vehlelo, dicyclie hydrosromatic com-
pounds sontaining et le=st ono =heno iz hydromyl wrocp, Tor exawpls, orla- #nd Dears-
evciohnxyintenct a=d Letrasydronspsthale,  Ahout sguul parts bty walght of solvent and
the comid marbondzable fuel Taing exbracoed wers nscd, The extractiozo was carried
w1t uzlng finely ground soal amdsr frespuTeS ol =00 o 1,500 pownd: per sgaare incE,
Temperaturss Dsy weTF Trom shout 2509 ¢, to oas niwh oas LSO9 O, mithHough it iz prefer-
able 4o gperate at approxlrately Log® o, for typical Azerican bituringus coald. The
privery products obizined In vz raTner wore sxbrests contalising littls or no azh
which were suitable for Afvect usw az Jaslg, or Tor uge AS Xay Trlerizls Jor the ST
£ fuction of indusb-iel produsts, crch ug olectrods carhon, Low ash extrasis such as
" thess may also b used in hyiragecalion procssscs for Lhe sroduciion of syumthetic
3fagid fuels agrresponiing Lo guzolize, karosize, wrd Tiezel ZTunla froxn prtralsam

BOurces.

I addition to bhz dissovery of these mores efficlect gglvents, Lhn possibllity
of afFipiert eziructica at atmaspneric pressure, with the regultent zlininslion of
exzensive, high-pressure cquiprezt, 1s oovicusly of practisal izteress, Zheranthrere
Wap goserved esriisy ta disperse resilly sbout B0 percent o oituminens coal. This
fact zerved us the atarting point Tor ao iﬂrestigatiun_zj i- ymick deiermiratics of
tae chemtosl spesll?zity ot the solvert end toe cmenicsl pature of Lhe extreels was
rAeriaken, Tre rezulbs of tzess siudilss showed that v Boe exlractine of bhitminoit
i coal, with sulventa &t treir atrospheric-sressore holling peints, curbazals, phanan-
. thpiiinge, 9, H-boraoguinoiine, sod sertain Domo:2gues o these corgpovzds fhoiiing
range, 3507 to 280° 0.) wers syuaily sttective, AcShracens (oop. 3549 (L) a=d 1, 2-
350c 7.4, however, were shown to L decidelly dinferiar.

-

S A pheny”ratadisne (.o,
© Lowor-holling Lrieyelic cwrpoismds, Tlusrese sod diphenylene cxide ft.z., soout

3009 2,3, also proved to be poor solvenls, Bt L- vnd Z2-nephtral {boz. A5 wnd

= 2550 o., respectively) werc quits eficient, Borce, it 15 epparsns thet She effes-
ﬂ tivenees of a solvenh as an exhreccion agent Tor bituninoss npal fz depenisot whson
oth itz rolscular stoustrs a2 ite holling point,

'EE? dorrwoat, .. L., costorative Work of the Federal Buresd of Mipss and Wesd

_ Virgisle Tniverslty: 1he West Tirginia F=g., vo.. 25, April 1355, =T G-a.
Q&f Crehin, ﬁ., Eplvuti;n amd Depoiveerization of CToal: . 5. Favent 2,106,399,

. July P, 15WE.

&5/ Golubiz, O., &nferdon, J. B., Grehln, M., wnd Storch, =. H., Solvent Exirac-
tien of Coal by Aromstic Comzcundzs at Atmeospheric Fressure:  Sureat af Mizes

Bopt, of Investigazions #662, 1350, 12 pa.

b3y - 55 -



anisy

i"ulﬁ"‘h“ti:::‘-

Tese 1 dn : .E:F i'j,:?ri:'ng;e::et:‘;ﬂr- i Hrovustgag, of
S A aTe BT Tuiliure, wpton Ilzed pasv. . Ew e o
- = T o - PR o
EHZTTL N2alubls meperigr I by 92 hydrogen 4,4 TSTE. bap
ReTiz.L . T% has BERD SESUTNS £rEd, e Tax tm' rEscLigr A

DE rEanltans bx. Lilre-apliinle nrbopdal o, largely g FhaLTie
P e S¥OronaToona L :;-:.r;:nt:—li ,

S OIEASEIon i lcX Iz cag 2lyzod by hej

:
’-‘*--t‘- e Thoen penad

AL
A

TS, 1q e TEREDRNGS Ay (1] pegop # L0 PUOSEce apae;e
i _J.m-=-'r44n sk Curilae 44 ..-J]L.."‘—" t;""'fejl—ul Wolthin pes 2rl=. or (%) Lo
- - L ==

"-:

5 i
1_.|_ Wonydroges fon SAlyEed by ops In; io orodocs 200l TR
ifstes thig sehoma op resonione

TFErecarha
- Gunes

A
Fx

Y
Cog . £ TiE g 4o .
T ]J;_‘iE'-:'l-..-t_".'f o ASphel: e fneatie i
b oy R alat -
2 tARRe e e E[‘: }'rﬂglen [ = 03]

Ehzane Thzoiahi ey SCnF TS 11307 3k

I'|I..
. . 'F'-Jlt“'-r ‘"rl.:;;smat;icn of
FATL - S0 bomids

=
o5 Lhe D j

Bl mﬂ,eudl

a4, whigl BAY Lt ziagoiateq Wit ks
o Frocesds w4k VEYF L1Mic gas Produetior, g “HTEE Pruction

He gal s '-“‘ii__rv“‘o", ehle?ly as WLIer, M CENVUraian of E5mianl-
o1l is Drotably Basorievad withy ke ripiyee 9L fErfnon- —sarhan ponds

Eriltling gr

T fom
S ke g thes Frangseg oroan

f f—l— J_I"E'I]L-[1 |j-—. - FuB ]'_“]H__'{f‘.'E :'::'S‘-':jbl':?: Jv]-ﬁ' I.J.'.I.T.“']""“" S j’-‘"'l"‘ ,J_ l"'a.lCu [
..‘CElﬂi cor o CEEELTE ain pe Teedivted they. R TP BESG 10 boe whasnen oo Splitticg
- =T ERvta NGLEE _ . . . == =
—'L':i-'-"I"*I'lt ‘, |I UATR Lige o ogigg iyet mf 211, sfnce bhe BLlinniog g ESDRELL Lo fopp

"Nlch ia FZsumed g o Tecede the l"-d"'*abe*la tion 31:,”;-:-L,l lon, proceeds vary

L
1o Ly in -|-‘--A a1 - N =
oy 1n ’I:..}. Ahaznce o ndld-vc-vn—“ i...-p'r’*l']U"";?‘;F’ o thnoeg; |E- }_:.-f:.rr;::u_ urde 2212 gead
a_- TN Tpe e ﬂLuubIJ‘“W-' r:.'*:.':-lﬁ JEUZe ou Tarza Produciigr 4 D lenges wwirecinhle we-
r

B ak i = . . L . H
: A iilestign tie Cragrety AT Lxen googe arl '-x b = iz “tnpur‘t’

Vi, ool - LY I2aT, e BTE] WFEER, anzh oz Ihoaphamin acl?, shanis brodice
BN OQUENEIting e benzens 1., NI oary fubsiarae whish {g Gobn
i a; o + - L, - . s ilA
nigh Convers;e, 2. Lr'uru f\-'l:l'-l.u.ﬂ" CEfalpa, kL-x.-T_‘:E._vs I¥ricdia ax.;h; shovld reqnl; i
o HERLANY snd o T bredy bungets inro)-p- 23, Theze pl"EEliC"
sand Ty SRTOr imant

-

Ear] ‘I?'(:l-r"\ R . - Ly . - .
e.r--e'l k;ln: :5"1 Zor T e R ©2oeoul fo o] Ao i

! “I g T [ - T o Bt wie o - A9

Yiong g e S LeEsehydragesacqg. “al2lyss, imger TORTCAD VETieny of pandq-
- - z ;

IR qEed,

Exie ey, iz
tie, t.._'::"""l_l.'v-l;._v__—
trder Tl ke g

.
S LELaR 3L1'I:D:':J_:L'v't.:~ CEYTE glhoye h:mer=-1- LiEt siEtrons ELrIIe may
o : s = = i 3
lf n—'afll s "Iangi Tommon f1n=-nn~r--at-:|r Yoy a’l “ome o7 tin

VHS. Lalouleiion op fne tres energs ShENzes owolved

—_— . -
. =, e
; L. T ree——— .
_ » Clare F T and Tel R A A ) II}':_:‘D’FL;‘.'EJG_“ Cats
P H (1= - s ik e - ", =
- PRSI Ondvogerezio, .L:... Ens. Tasm,, e, Lz, Fetmmry

o

o=

1
L




._E.E};g'.-.'ﬁ thus slarnic sxils c== be comalecely semverted Lo sismmous aulfice at 0T K,

"f}:-.:.-;‘-_:lc:d, bie hydroge: failide pressurs tz xept mmove 0.00 aTEespheTe. Thia conli-
. pler = sloast mareeinly met tn oTogt coal Tyfrogenations.

e grarc- Jor A cheaper and oors reedily aveflstls catalras trem iz conllin-

e &7 The only teesestel, thet wes found to oo as sffeciive us tin fwhen cetslysts
gre added sz Fowdercs =p]ids) Tor the hydrogenstion of szel, is garmanium, whloZ 1s
gvETl LSS pormomtcal”y desirsble, Tehie 15 ehiows theh at approslmatsiy 2,000 T.8.1.2.
peohlon Tragsure flnu wpomide sod lewd bErorids Wors rarieily zelalyzie, resulting

sp irguefanticzs oF 75 smi 7O poroent, respeotively. Th moEIs proetulile that =i= ef-
fect 1s Jue Lo to= kyirogen hrexide LIn euoed under reaczicn condliions, whish may
“yot as 2 hydrogen donor &8 nwdrogen iedide does. The g7y af tren sataiyste foT
 possibls vzt tle demorstreticn pie=b has shown visd Moad mud! to be promising at
“peachioos preSIUred oF prnpros e Ll TR0 maE.illE.

TabLFE 1%, - L?-irngonatlnm of Bruceton biiuTrisous coal

{Tr lehorstory S5To0-27e? st Lso? 2., L mour, 3,000 rmouanls pRr DUUATre Znch
fmitipl To prosSTAcG, Lh Shzence af wenicis. Fyrer glazs liner wEed
.

to avols sstalysts hy wmetat weliz.)
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_ Sonk Gpritas coal uzed £t 3,700 pes.l. i= 1=l dz prefture.

3} (htmirsd throsgh the ooursesy of ihe Alosimn To. o AneTica; this meterinl 1s
' +he eytmslent off BuyeTTA=LE, ised cwsenailvely in GerTas poal-Tyirodenasich
o Tlarts.

C3f Type M. cotaized fron Turocs of Hizes, Loulsisns, e,

g

_E“ derior, Sol, reripewz, M. O, prosoman, -am, and “Yaroh, H. H., csal Iyiro-
! B ) 1 L] ) 1) 1 : L) ¥
gerellon Cetaliysus - Satokh Auloelave Taste: -2, @rg. Chenm., vol. =2,
TehrusTy 1390, sp. 330-334.
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Berch-3cale Process aﬁFElQTTEIE

Ceperdrsoe of Joul Tydrogsnation oo Jperasing Variwclss

A Pl wdepsptanding of The rechswa ¥ waleh cazl Zg coavertod Lo odi and gaa
fuecing 1ts higz-predsure, Iigt-temperatove hydrocensizon smugs rest on a criticel jpn-
terpretucior of the menvsr in whick extor-al varieries influerss tic rabe and cpoyree
ol bre coal-rrirogonation reaskions. Fecsrs artaclave experile:tsﬁﬁj thet extend i
resulbs of previouws Investigailoms on the rinetios of roai Zyirogenelist heve reaalteg
Iz ZThe Zolicwirg Sheervalions.

Zn toth the prescnce end Lhe arcemios of &nogEThalt.-freo h=avy~zil vehicle, The ae,
Cexl of mydrogen preseurs on dry Brucetor aoal =t L30% 0, for 1 Gour (+iz celalyet) ig
xoss fmpertank for iritiel presszures wr to about 2,000 peuads Eer dguere Inch.,  (Tpder

razotlor corditions, vthe hydrogen pertisl Dresours Iz F o ho 2.0 ditea Lhie Ividdiad pres.
surs.)  Enove 2,000 poundz ter gquars Imch, under the reaciion eop usod, o dr-

eresse in indnisl Fyirvogen micRsaTe Pleyed oi1% w zmatl role in deornining tie trog-
ross of the reection. The Iydracayhos £a8 rroduction anéd the mwirogen commstlon are
arrroriazly lewer In tha absenuce of vericle,  Part o7 Ghiis Behswior is fouptloss dee
to & produstion of zug by Lhe bFirozenacizn o tioc hemvy-o0il vehizls,

In the renge of Loo® g g C., hfrogenasion of dry Bruceten cowl for 1 noor
a% L0000 %o 2,000 pousds per 2gure Anc’ hmdragoe prezaure (tin zetelyss) showes thgs
&y, inererse izn resctios tengeraturs resulisd in a decrengs S sspzalt conzent of the
Froducls . Carrespecdine imeroeszes in Iyirazarton gas produciion s-od i rdrages 2op-
Surption wers 2lzg chserved wito irgoresazing tenpersturs.  Withs- exporimeniol error,
=2 tomzositfon of the Rvdrocarbon gu%28 roduced wes the zams gpd wea indeperdssnt of
tengerature; tiils cormesition oo respanded Lo ayprexissizly 30 meraant CHe, 25 per-
DEMT QnDE, P9 persoos Cqng, i5 porcent “gH-, 8wl 5 ocerosnt eq It is i-terestirs
o nove Thet conl -en e almeoszi, complcteiy SdgieTiel (88 poreEsil wmder pomditioms
wiers the princira’ Wrdregenstion croduct is ssnalt, wary Jittls ges o eil beinz

Tprmad,

L ostudy of the reaylts ohtei-2d "pom tre hrdrogeretlon of A%y Brocalon coal ui
v Zydrogen pressure of 2,500 pounds per sguare inok aed Lga®, Lan¥, o 4502 ¢, (tin
celalyst) reweals tha* bpe 2igaefecticn of nge_ crovesds rerid y ‘n the aczotoe of
vehicle, cvan et 400% 0,; et zh's tenpereture apout 1 hour is suificient Lo produce
ligusrasbion gvesher tian A3 percent. The hydrosenstion of £Ezna’t, Fowevor, iz very
slow st LO09 2, At 4307 . the sephell product is Ypedrogenazed ot an Appreciehie
mate, und =t M3a° 0, the arnptalt hydrogeustbion procesds alrogst az rapidly ma doseg tre
liguefaction o coal, 4 wer{wble sorleci-time witl for the hyirogenation of cosl is
shown iz flgure 2b,

There has been » good deal of speculstion as to Ths function of = vepizls iz Lhe
coal-nydrodens—ian Lrocess, Oze o the mask poriilar theorlesz hea bae- She Gugaestior
what & wehieclie, zuck as wetralir, funetionz by supplyins hydrazan <o tie zoel asd
that, the Migh-pressarc Iydrpoen present in uhe syzlken sorvss to regcnsrete tha tecra-
1ix. A study o toe results ogtalezd fram the sbove exzeriments, &t we=ll @s Ffrom
vhose sutocianve experirerts89/ in whoch Bruzeton coal was hypirsge-sted Ir the CT2sEN0E

£8/ Felipelz, W. G, Eubm, . Mo, Friedman, &,, and S-crch, 3. =., 6
Einstlzs of Cosl Tydragenetbics: Svreaw of Min=s Fapt., of ITnwess
1559, 9 pp.

83/ orchin, Mi1ltew, Goldbsch, G. L., Wolek, Margares, avd Sterch, I. H., ogel Aydro-
genetian: Tne Effect of Varietions iv the Coml-to-Vehiclc Batls: Furseu of
Mizes Rept. of Investigstions ahog, 1%y, 10 o1,

ez g the
lzetiors LT4s,
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o of telraii=, lergely sunstanclate <hg reaction mechanism described sarlier, Tre
Exper_ments zging tetralin fndleate that the extent =ed rate aof 1igueTestion of

c paal 15 not grestly dsiendent o the velicle Tuncticcing o5 s hydrogen doncr 4o
. the ccal zubsiancoe and thas L?e zlow ater ‘o the pracess 1 oot 2ikely fo b2 the
pegeneratior 2f =yer a4 vericle, In the prLrimezzs usizg 8 lagvy-sil vebklcle,

+he progress of the ligzefactioz ls alTzet una=fested by the prezence of the
nepvy oil, but the rele sz walsh sephsll i3 converted to lighter croducts Is
:7erf tcs slower in the trese-se of this vehicle. This bebavior will ke very
¢ imparbuars fn deserminng the relstive merits of the zenvertizssal Liguid-phase

* pgai-hydrogenstion process acd one involving dry  nodl.

EEﬂIDFaJﬂtlﬂ_ of JoaZ in tre Abserac o Salvents

Sorman practices In the higb-poesire Eydrogenatioas of fcel uvsing liguid-

T phass rerlcle fBergius-L.3. prncesﬁ} tave besr- thorouzely studicd. Meny festureas
“of this process indicste <hui potential sdveniegnz mBey te reallzed by olfecting

" g reschtlon hetwesn goel and mydrcgen in tie abssroze of such solvenls. Iz this
[% mempar, the sjuipnent reguired 1o sondition Temvy-oll let-down Tor use s pset-
¥ ing or inleclfon oll wish tae coal Tesd could be olirinsted, Fesctign zheoe u=ed
o by the ol poriien of ithe coal-oil teed mixture could he used for t-s reaction of
- additional cosl, and the remavsl of wnrescted cosl #8 a dry material, inslbead of
L4 a mfxture Wit oll, would rwterially desreszo <he zepital ymd mai:jena:ce cozl of
the wylrogecetlon plant.  In additien, work iz bauch attgclawes faz Irdiceted thai;
the meavy oll srerciess a dolenerdows sifegel on the reaction.

; Terch-seale zypdrogemation ol uccatalyzsd Wyowing bitvminovs soa® In =n agiteted
77 or Tluidized bedEY f resulted in a- £l Field of 20 o 27 percent 2nd hyidi-ozarbeon cas
; Fleld of 22 to 27 rercent of “ho Doistore- grd &sh-Tres cosl u% hydrofen wrecsires
©ooF 250 4o 1,000 pousda por square dneh and texperatunts of son® to 600° @, Hydso-
‘genation of sosl usivg = fluiiieed cpa® t2d thus offers a posaible meanz ol dry coal
procesaing al rn]ptiwply low prozasres. Dradusts of the fluidized bed —pdrcgenasion
9 oare 0il, hydracarbon gescz, and s onar residue sidilenle [or use Airaetly es frel or

-\.I"
wid Tor geoificacion to rredues syolhoslz gss.

Tilut-Fle=t Gperauians

A P-montd asibries af tssis studying f the gesulactore of hsavy foel oll oy high-
Trosgure ayfrogezebion of Sruzstom wwd Bocx duri_da Bltumingue cealz was comzleted
in tie experimenicl “ilguid-shese pllet plsn.Gl/ While ons adm of <his zerlss of
tosta wes the orofuciion of fuck oll meelirg the reguirecenis of the Zurker C ox
4,3 7M. -0 grede, w aulficlently widc renge of primary veriablss was Invesidgetad so
thet a cgmpwﬁhe1sive trocesa varlsble atudly could bs zeda.  Ingluded wers Lhz effects
of contect tome, reactlon tempersturs, =md coneertration of the cosl-oil fe=d pﬁsLe
o oeradcot fleUu_JyJ oEyEen conters, rostdual azrihalt, slfwr condens, enl o nomilse
1il1g5le soluble oil contont fTar bhoss Sosls aslpg Stannoes 5ulfide sod molzedeavm
irdgxife ms cauelysts. A typical Tlow oot of the pilov zleat weod In these studle:s
iz shown n figare £5. Resuiis of the pllst-piant sperasione Fieloed, in addllom to
the ubore nrocess vesiiahle study, tomtative roleticnships beiwesn the ssvsral prlipars
tarighles aad hydrogen sbsoratios, solutle ail yield, awd 3ZgRt hyirgcerboqn-gus Soo-
mat;gn, ez well us an cpproximate cprrelation of JhEbJ purenciers with prodesz
Flzsocoeity.

07 C%ark, E. L., Felipesa, ¥. 3., o-oron, =. H., RELI1ET, G., =0l Scorcicer, 2.,
Fyarogemulior of Tosl iz s Fluwldized Bed: Ind, Z=g. Chen., vol. L2, May 1933,
Tp. BE1l-265,

Tlliztt, . A., Kendiner, E. J., Tallsnierger, B, Ho, Eifegrns, B, W,, znd
SGrorch, H. H.. _&d“JFEZﬁtlU: g2 Bituminous Soal In Txperimental Flgw Flent -
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gen ard oxygen oloms heve lower pertitfo- coefficients Shan fre correspchding carbo-

Folic structures, Toesa e focts sermit azzlicutice of the spurte-sirrent distritnu-
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py phserving t-e chapgs of Shs force exerted ©F a magnetle TZeld on o ssmple that
iplergoss o caemical and sinuitanscus ferrcmagmetiz chunge, This canticugus physi-
4l aralysis maz heem found ta ke eapecially useful in The cose wisrs 8 weak DmeEg-
petis & _b.n+p~1.3.3 g canverted to & sirong ferrcragmetic one -.\_.31|f|.-=-r the carerinectsl
Fondi wiom=], 1o _hj_: metoos wez Invelusble in coordinasing the widely ccettoroed
faka for the vorious iren caroides, @8 rceparted oF wany investigolors who carries
s their studifes wioug differsnt lines. y Two af the rropertles Shbuines in <his
Lapmer, the Curie Eda-‘—t and the spect’lc pnegcetizetion, cex be dewermined fror The
srromagnesic curve, a LWypisal exempls of whioh is stown o 1.151._& &%, The spe-
ifie mes—etizasizn 1- s characteriguic gropor=y of a Jerramagnztvisc phess, woiczh
«,}ﬂ_ecrEBEEE witr increasinzg temperatire acd disapneere at & TenperaTure chuareoferistic
F towt prase.  Tois tempersture 1s eallisd the "lrazeilios fsmpsrative=" or "Curie
Pi:'ir—t-" Far prectical purposes, tke Duriz point is wsualiy defired ae the polrs of
$nflection of & specific megetization-terperatire 1::101: Ttuz, tke Qurie poink
521'1"&:*7 for guslitetive ifentificetiqn, while knowledgs of Lie specifie magnetizetian
Fekes guantliiative esbinates possibls. Quantltative _heter'vinat’un st he oude gl
high ficzd stre—gtis where the ferrowsgnetis theses are owgmetizally ssturated,
Hign fiels slromptss are alse desirsble for following reacstizons at constant tempera-
nre sz & function of time, Beslides the usuel kipetic Infarmatisn, auch studios can
.%reu-:;n] nades of vhase transition {eooSinvous or discontinucus] whick m=7 not be
scoesathle by soy pther nes—g, wod the 2thsd is suitekle for fD'_'Lowin.g Te-
rtions In the solid atase (whsre no uhar_ges In gapr pressurs coour] sontinwously and
wlthent izftersuctlion,

In a_ptl;;"ing thiz arelyhice: prosedure to Lhe gludy of Lzie iscthermal decomposi-
ficn of coheli carbide, the zste of descrposlilen of cgbalt carbife wes nzasuved by
fhe change of oagnetlc forow o¥perlenced by w Geconposing sempls Tetwsem 2007 snd

G027 0. in A soashast meetetic Field of conEtent f=ElliL gradient, T neasuroed val-
were then converted to percoent sobalt carbile wWith 1ie following two assmpbions:
1} The initiel msgnetiration of the sszple was dis to fres cobelt, snd (2) the Jorce
W29 dlrectly mruportional Lo the axowunt of wcbalt presouft.  The cesalls showed thut,
in the range from sbout G0 o 25 zercent cobelt cartize, tke decompesiZics-tine
urves were lizear, and henoe the recactfon wae of azpsreZ. zer? ordesr In thet range.

Fediced vosalt-thoris-kieselgicr catelysts crodived ‘rorsssicg amounts of fres
taThon snd Avcresslrg smounts of cokelt carbide on carmeriratics '«‘i‘hl‘: rarben morcxidn
t Sroreusing tempsratures Iz tre runse 2L37 to 298° C.22) At tx = hlgh tomneratares,
the maxfwmm anousmi of cerbille s forz:d witihin the first S Zours of carburlzation.
oo carbon bends ta meke the eatalyst insccessgibls Lo furiler coarblde forgsliom,
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