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AbstracE. This study exauinee at several reaction te'peratures
rEliñEractions between pot.""i.--rr"pour and graptritiiauie ana
non-graphicizable carbons'¡¡ i th a wide range of-opi ical texrures
and heat treacment cenperatures, under vacuuor, nit.rogen and
carbon dioxide- Although rhe fornation of inte¡caraiior, 

"o*po-unds-r¡ i th graphit ic carbon is establ ished, the mchanisn of carbon
cominulion by potassium vapour is not unáerstood. Degradation
of carbonof soarlest optical texture occurs preferéntiirly prob-
ably ae a result of nixed staging of intercaiates creatini non_
unifo¡¡ streaaes leading to racró-crack foruatioo ana aegiaaation.

Introduction

This study Ís concerned ¡¡ith currenc undergte-
nding of the uechanisns of interaction/iotercalacim
of pota3siln uith graphicic, graphitizable aod non-
graphitizable carbons. There is indugtri¿l relevan-
ce in Cerms of interactions of alkali necal vapour
r¿ith úetal lurgical cokes in the blast furnace and
with carbon ¿nodes and cathodes enployed in alumin-
íum production, these in!eractiong cauaing signif i-
canr degradation or cominution of the carbon
arce fac t .

The fornation of intercalation rcompounder lrith
single crystal graphice and their characteri¡ation
is well-establ iehed (1, 2). There exigta s scerr€-
red l i terature describing interacEions of Dotassium
r¡ith the graphitizable (but non-graphiric) and non-
graphitizable carbons. This literature h¿s been
crit ical ly asgessed and reviered (3).

Potassiun fo¡ms intercalation r,co@oundsr, with
graghitic carbon¡ et -300oC under vecuuo or nitrogen
associated nith characterigttc colour changes of [he
severel stages. Poteeeiu¡¡ caa intercalate sith
graphitizable carbons of HTI >1OOOoC under vacuuu/
nitrogen a! reaction teqeratures <5OOoC. E¡tetrtg
of intercalation increase with increasing llTI of the
carbon. No intercalatee foru r i th graphit izable
carbong of Hft 800oC. uixed staging is claracteri-
stic of gr8phitizable carbon¡ of HTT lsOOoC. A
carbon dioxide acnosphere prohibits the forn¿tion of
intercalates belor¡ -1100 K (4). Schlogl and Boehn
(5) coment on lhe instabi l i ty of grapñite interca-
lagion compounds. Potassiun intercalatea ¡rith noo-
graphitic carbons have been proposed. Bovever, the
evidence is not conclucive. Adsorption effects,
r¿i¡hin any microporosity of these carbons, cauaiug
swelling and fragroentation of carbon cannot be ruied
out (6). Overal l ,  l i t t le of the avai lable l i telatu-
re ip.direc,:ly cooparable. The heterogeneity of
coalb/pitchcr;:lnd their dif f erent rreainenrs provide
a-r¡ ide.r i i r iet¡f  of graphicizable carbons. There is
I iEt le infornation describing the variat ions of

gtabi l isie¡ of intercalateg ¡¡ i th renperature in the
presence of potassiuo vapour ae distinct froE stabi-
licy under vacuur or under an inert gas. The scabi-
l i ty of potassiuo incorporation ( incercalat ion?) ac
elevated reqerarures (-800-I200'C) in graphicizable,
non-graphicic carbons appears co be higher than
stabi l i t ies of incorporation by graphir ic carbont:
Hawk ins  

9 t . .1 :  
(7 )  s tud ied  che reacEion  o f  po tass iu r

vapour rrlEh nttrogen or carbon uronoxide, with petro-
Ieuu ¿nd netal lurgical cokes, anlhraci.ce carbons
and graphites ar reaction temperatures 572-1200oC.
In terns of carbon cominution, this was mosE severe
at the lorer reaccion temperatures, Ehe graphit ic
carbons exhibiting meximun ¡esisiance to con¡rinution.
Lu e! et.(8) reporCed that extenEs of t intercalat i-
onr of potassium into Betel lurgicat cokes decreased
with increased size of optical texture, i .e. a meas-
ure of anisotropy or graphit izabi l i ty of-¡he cokgs.
Reaction of pocassiuu, under nitrogen at 300-600oC,
led to comioution of the coke. Cokes of sn¿ll
opticel te:. ture ( ieotropic according to Lu et el.
(8)) e¡hibíted nore fissuring than ihe grapñiEi?abb
coüponents of the cokes. The assessuent of che
literature (3) sugge¡cg char for the graphitizable
carbone, poEassi.um probably enters into the cerbon
structure via the electron trangfer reaction assoc-
iated uith graphite. llovever, bec¿use these carbqu
ere ir*rerently leas gtructured than graphite, the
identi f icat ion of staging of specif ic intercalat ion
coqounde (if intercalation exists as euch) cannot
be found. The presence of porosity ¡rithin the non-
graphit izable carbons faci l i tates interactions of
surfacee with potassiun which may
enter into the less crystal l ine structure of such
carbbns, -so,producing swell ing. Such s¡¡el l ingl exp-
ansion sithin the coupler optical rexrure of cokei
moy produce the ínternal stressea and cominuCion bf
such coke pieees.

The objectives of this study are to examine extenta
of degradation/cminution by potassium vapour a!
dif ferent reaction Eerperatures of graphit izable
g11b9ns sith a range of size of optical rexrure, and
nr'r Eo relace these paramelers and to escablish a



nechanisn for the Process of cominution.

Macer ia ls U¡ed.  Pive ¡eta l lurgical-cokes,  as obta-
ñaAG¡T-rr tsoo, 2ooo, 2400, 2800"c were prepared
toge¡her vith a nuclear grade noderator^Sraphite
(HTT -3000"C), a needle-coke (HTt -1200-C) an iso-
tropic coal char (NCB cR 9Ol), (Hrr 1100oc) end a
natural flake graphite.

Erperinental. These nateriale r¡ere reacted at 570oC
i; glO"C in sealed Eubes, nith potaesiuo under
vacuum and nitrogen-oxygen mixtures. The cokeg and
graphites were reacled with potassiuu vapour (from
the necal) aE 800"C in an autoclave under nicrogen.
Siai lar ly, the oetal lurgical cokes r¡ere reected ¡¡ i th
potassium vapour fro¡ Koü at 910-C. Also, lhe et-
allurgical cokeg sere reected uith potasair¡m vapour
genereted frm ¡ he¡ted uirture of potaasir.ro carbo-
o¡ce ¡¡d c¡rbo blacl, at 910"C, both in an atooa-
pherc of oitrogco r¡d of carbon dio¡ide. The ret-
ellurgicrl coLc¡ gcre ¡1go heated with liguid pot-
¡¡¡i¡r ¡t 70"C.

ffa c*ar ¡ftcr rcection ¡rere uonitored for
püt¡ic¡f atpclr&c, opcical texture was assessed by
ecic¡l ricroecog¡r, cbe ettetrts of cominucion lrere
r¡irorcd by rcaing electron nicroscopy (SEl.l) and
EilI i¡dicrtcd c¡tcocs of diffusion of potassium
i¡to tb cota rcruccnrca. l{icrortreogth measure-
at¡ iodic¡tcd ba cot¿ ¡tn¡cture! úy have been
n¡tcocd follrirg i¡teractio/intercal¡tion sirh
tbe pot¡rsiu¡ vrpour. Tbe n¡Leaing of coke stru-
cture occurrcd vl¡ the fo¡lration of cracks within
the cole aa !ee[ in Pigurer 1-3 for cokes fron a
seoi-anthracite, a coLing and cal,iag coal respecti-
vely after rcaction vith potaasiuo vrpour at 910-C.

Conclusions. 1. After reaction ¡r i th potassium fron
E@'tfcokeg from the higher rank coals (204,301a)
r¡ere coneistently less degraded than those from the
lower rank coals (401, 502). The optioal Eextures
nogt resistanc co degradation rrere the aingle conp-
onent structures, f lorraniaorropy and isotropic.
The mrlti-cornponenc meaic textures were least resi-
stant. 2. I leaC treatnent of netal lurgical cokes
increased their resistance by poiasaium vapour at
800oC under nitrogen. 3. Studieg of the reactign of
net¡ l lurgícal cok!¡ uith potassiu¡ vepour at 70o,
570-, 800" and 910-C indicated that degradation
occurred at all these leuperature8. lt¿xim¡o degra-
dation occurred et 400-C for one systeü. 4. Degra-
dation only occurred vith reaction carried out under
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nitrogen or vacuunt. lhe presertce of cerbon dioxide
prevented interactions. 5. The graphites and
needle-cokes formd iotercalates wt¡en the reectíon
telnperature sas 800oC under nitrogen. No reaction
could be deteeted ¡¡ i th the isocropic coal  sh¿¡.
ó. Degradation of coke is thought to be due to nixed
staging of intercalates rrith resultan! non-uniforu
concentrations of potassiun and high stresses lead-
ing to nacro-crack formarion and degradation.

References

ü.E. l , f isenheiner and H. Zabel, Phys. Rev. 8.,
27  (1983)  1443.

R. Nishitani,  Y. Uno and l l .  Suematsu, Phys. Rev.
R . ,  !  ( 1 9 8 3 )  6 s 7 2 .

t.  Uarsh, N. l lurdie, I .A.S. Edr¡ards and
ll .P. Boehm, Unpublished r¡ork (1985).

Y.K. Rao, A. Adjorlolo and J.H. Haber.oan, Carbon
n (1982) 2O7.
R. Schlogl and II .P. Boehm, Carbon 22 (1984) 341;
35r .
D. Berger, B. .Carcon, A.Metrot and A. Herold,
Cheuiatry and Physics of Carbon, Marcel Dekker
N . Y .  1 2  ( r 9 7 s )  r .

R.J. Ha¡¡kins, L. l , fonte and J.J. Waters, Iron-
naking and Steel.r¡aking I (1974) 151.

ll.K. Lu, G. Sanaan and M. Uribe, Ironnaking
Proc. AIl . lE, g (1981) 57.

Figure 2. SEU Caking coal plus K. ,  1 5  u m .

ri iuYe-' f ." iru Semi-anthracite coke plus K. ,  2 uo, Figure 3.  SEM Coking coal  Plus K. ,  4  u n .




