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INTRODUCTION 

From the point. of \'iC\\ ut t.l1t! rial io11d! 1:cur1umy, '-'.l''t[>l1i 1 .. 

1,, i.l veI'Y important. I'dW 111<1Lt·1·iitl t'i11tlir1g tLSt..' i11 lll<tny l>1-;t11c'l1•.''' 

of humdn activities. Pl:11plt: l'L't'u_0,r1izl:d 1t ii tun~>, Lim •. : ".I'."· 

Tilt: impo1·tanC't! of ):';I'<.tphile 11.t'.-, _\!,l'll\\ll r·;;pid'.y ir1 rnudv1·11 I 1111.,:., 

si11ce the quickly devc~"pi:"" i11du~-;t1·y 1·t:q11i1"'d s11ch .i 111.1tc1·i.a 1 

ve1·y ur',gt:nL~y. Nowad;1ys \!.1-.qil1it" 1s lJ[. l'l\ dcnul.t:d <t:ci .t s 1_1·;1•1:•!,i,· 

nun-metallic !'aw mate1·idL. l11!"i1·111cdi1n1 cuncer·ni11,u; its 111i11i1n>, 

is often conside1•ed as cul\!'id .. 111 i<..t! and !'1n· this 1·1~<1:-illfl 11"' 

accurate and 1·eliable daL<t db<J't' i 1 s ar1111t<1! p1·ud11c 1 i"r1 c;t1111lli 

bt: obtained. The impor·t;111c'<: .,,- ,'!,l'i1Pl1i!t· d111·i11'._>, ttw '"i1,1 .. 1111,.•!·<11·:-, 

el'<• has .v;1·own cspcci;t!l\ d11« I" 1,,,. !';1c~ th:it 1 !1is fl 1dt .. 1·i.i' 

sc1·v1;s in <tlumic fH)\\'Ct-· pl ;,r,: 11 1 s k1HJ\\!1 t l1c1t 'lie C.i!,,~1!:111it 1 •,:1 

ui' ~1·aph i Le t'or btti l di 11,~·; 

a pp _'ox i ma t c l y to 1 '..! • 2 

ilf l it 1 <Jill j L' 

! ·l . ~ I t >! 1 ~:) 

s i n c e t h ~; a pp l i c a I j_ ( ) I I ' ' I d ! () rll i l . t • 1 I I . l . .' '..\' ! " l . I Ii I: i I I d I I :--. I ! . I " : 

and civi 1 p11r·pos(~S set•ms '"ha· .111 11r1!y \\d\ '"ti t'r·<Hll Ilic 1·11<'1'\'\ 

sh11r·tay;e i.11 m;1ny cuuntr·i;·:, 111 !11: 111 .. 11· t'1rt111·v, it. 1:, 11l>vi,i11:-, 

that the aL:tribute "str·iltt.,\•:i,·" i:, !1•it cxc.1.,•y;<:1·;il"d i11 c:.,;1· ,i1· 

g1· 1phi te. 

The possibility of' g,·;iplii:,. c::q1u1·t C'<>11t,.il>11tc.; tu t\11: 

sound development of each ~;tiltr· 1.:cu11u111y. !'!11~ U!'i!ll!i-~·z1·chu:-;l1J

val<.ia Joint Pr·og1·amme .isSUl:" !1is pub! ic;it i,>:1 \\hi cit 1J11,1_1,!1L 

to give Lhe reader Lile b<Jsic ir11'u1·mut i.011 ;il>uut tilt: ptiy~;ic1J-clll'-

mical proper·ties of .~r·aplti t '" ul>iiut t s flLI t Uf'il I l'l'SUll l'C't_::-,' 

mining, refining and appLic;it i()l1 in LIH· 1111>~;! 

ot' industry and in civi 1 Ii l't~ ;ii <ili 
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I. GRAPHITE PROPERTIES 

1. Chemical Properties 

From the physicu-chemic<tl pujnt. uf" vi·~~'-'. g1·<1phi!c· 1:; •>tw 

01· the allol1'opic mudific<il.il>11t~ u1· c<il'l>un. 

in Lt cubic cpystal systt~m \\lwr·1:tts _0.1·<1ph i. t •: 

!Ji ~uno r. ct c 1 · y :") ~ .. 1 '. ! '. / t . , 

i11 dll l1c·X<t.:J,•.>r1:1i •ii:<'. 

Buth Lht~se llHH!iYicutiuns di t· 1·1:1· ,·ss .. nt i<t! !y !.·1·u111 c·.il·lt utll1·1· 

with resp1~ct to their· physic .. 1! ;ind chemiL'i.i! f'l'"f1<:1·t it.:,.;. !l1•.' 

discovery of the crystal slr·u,·tttr·L· u!· g1·;iphit1· ln·lun):!> (J 1 1,.. 

g1·e.it mer·its of Debye and ::i<.:h .. 1'!'1:1· 1d1u <tpf; 1 it:d tllct:· <l\.t1 

1·oentgenographic method l«ir· '!1,· SlJ 1 •1t iur1 1i!· 1 t1is di!'f'i,·1t'' 

pt'ul>Jem. The ~t·<.tphitt: cr'ys 1 ;1' '.;1r r ;c,: !:-; ,.,i,,;\·.'rt 111 '·i:.',111·1· 

[n this hexa.~unal g1·uphi!1: !<1tti1'<:, ""c!1 c;ir·!J,11• ,1•"111111:. •.i11· 

valence electr·ons. Thr·c·c u•· !11·!!1 1··;r·111 ('l;\'<1'"r1' li•>r1d.-, 1-.i '!1 

nei:shbout·ing atoms. Th..: l'<i11r·!l1 L· 1 •:~·· '"ir1 i~; l;.i11r,d rn11t.:f1 rr1"1"' 

loo~cly. The layers ar·L~ t"<J1·rr1,·d !>\· !11·:-:<t\>,11t1;i' r·ir1<:,s !1t:'.d '1i•.'.•''l1··1 

by van dcr· Wa<tl s for·ct!S .. \d,io1l't_'r11 ili"rw; 1r1 <iriy !;1y1:t' ;i,.,_. 

clu:-;er· Ui;1n the spacinv, h1· 1 """·r1 l;iy1·r·,.;. :-111ch <1'u111i,: l"()11!·; .. _'.•1r·.1' :,,., 

r' (~ ~; l I l t s i n a n ex t I • (: ml~ ; l r I i ~;I J t I 'I ) r ) .\' ! I I i ,.; ii ! I i ~; II I I " ' r) \' ~-) I ii ) ~; t . I I I I I . l \ 

<.:.fT,:c:t.s the pr·opPrties ()t· <i! :-':r;iphi I" t't1t·111:-;. hir· .. :-;;ir11p!1·, 

tht·t·m<:.tl and elect1·jcd! l'<.H1d11C'1 ivity <ti'•.· t.i.'...'.11 •!! !lw di1·1;1 '!·!!1 

par·, t 1 J e l t. o the p l an es l" u t • m 1 "I I i .\' c c.u · !J () n ;i r ' ) 111 ~; • '!'Ii,. i r 1 v ,_. r · :-, , · 

eff'ect is obsc~rved in casl' 1>!. Lh<:1·1;i;1! cxp.insiun. Ci1·<1phil_t: 

consists lar.<J;ely o(' 01·de1·cd .V:t«1phi tic st.r 1wl 11r'1: but i 1 1t<1~ lw .. 11 

found that in many ,graphi t.c:-; d:-; n1t1ch <is 15 p1_·1· c1:11t iii· tltill 1 ,_.,. 

i s I 'e p res en t e d by d j s u I • d l'. I 'l! d f . l) I 'rw-; l) J" c il I ·I )t ) 11 • T I 1 i s f" d l' L d L'. pl' II " ,., 

especially on the qualit.y uf' r·<tw m;tlcr·i;1ls <111d d!su 1111 1111: 

maxi.mum temperature of lw<tl i 11.v; c.!111· i n.v; l'itl>r· i c<t ti ur1. Wt: I I unl..-1·1 d 

and disordered fo1·ms of c<t1·bt>r1 at'L! extr·vnlt: c;.1s1·s ;111d ht:! \\'l'•:r1 

thPrn there is t.he whole cont ir11111111 ut" V<tr•io11s c1·ysl.;1l I i111· 

sizes and de,gr·ees of n1·de1·. 

Some olhur particles - di.oms, ions !JI' molt:culc» - c:i1r1 

pt:IH:trat.e between the laycr·s i 111 o the .u;r·aph it t: I at Ii ce. 11 

r·epr·esents cer•tain analc·.i;y 1vitl1 hyclr·id1·:·;, nitr·idr·s .i11d c<t!'l,idc~; 

or some metals. 
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For example, if gPaphite is br•ought in contact \v.i th 

gas(:ous fluorine at the tempe1·atu1•es j n the r·ange 20 - ] tJU 0
l·, 

a p1·ocess is initiated the 1·1~sul ! u~- \\'hich is the erne1·g•:11cc 

of b I .::ck powc er of compos i. ti .:in l' F 
4 

These C•)111p,Ht11d0:1 

are stable ~nough not tu enter· intu 1·eact ion with di !rtlt~d in ids 
l> 

and lyes. On ht.•ating abuve ! 1 l() l' l hey deL:ump•>Se. The a: u111 i l 

conl'igu1•alion of C F dues th>L di 1·t",:·1· t uu 111t1ch 1'1·,1111 ll1<1' "t 
4 

graphite. Tht~ only subsL.rnt.i:t! d; !TL•1·t::·11,::e cunsist:::; in u-,,. 1· .. , .• 

that the corresponding ca1·bu11 ;.ilums i1~ nL·i~hl101u·ing L1yc1·-; :it": 

situated on line perpcndicul<11· tu tl1use laye1·s ~111d lha 1 ht:l\\1'1·11 

individual layers there are i.:tums ot" J'Luor·irH::. '.'lt:VL•r·l!H~l<:ss, 

the fluorine atoms are imbcded <t!'.\<tys in t\\U llL:i_11;hbuu1·in'S 

laycr·s, so that we must. p1·cs1tp!h.>:;1;, th<1t t!ic-r·c: is ricit 1!!•·1·1· 

mer::lianical imbeding her".: but r·;1U1c1· a !'!H~ 1 !l!c;1' p1··x·t:Ss 

of layers increases in this (';1:-;l· 
,, 

I •l S. S .\. 

wit.ti r1uol'ine. E. _g., its 1.:'.1·1·fr·ic<1l cund1tl''ivit_\' is tli1.·r1 Uri~\ 

one per cenl u I' the or·igin;il '>r IP • r 11 I.fie !. ,; fll f Jt' I' ii ~ ll I· c l. i J l 1.\.1,' • 

u 
.'.,!,r·aph i I' 1_• i I ( ! j !y \\ i t' l l I u l' i 11 l: 420 - c~60 C • te re<1ct s ! h t u 1 ·<>I ·111 

the 11on-stechiometr] c compu1111d~~ 1·r·•J111 t'F t ,, 1·1·. TIH:s1: l'<>lllf>"1111d:, 
(), 7 

ar·e also sufficiently sL.1blt~. Tltl:.)' <fq riuL 1·e;1c! e\ell \•ii.th :-,11 .. ,n:,•. 

acjds and lyes. The wide cu111p1i~_;i t iur1 r·angL· ut' Llit:sc• c1H11p1Jtt11d,; 

:i. s .i 11 the correspondence \\ i 'h t. he cuur'se of char1.v;e:i i 11 t l 1c i r· 

properties. While CF
0 7 

is it 1·1.::d cornpuu11d, l'F is q1Jil.t-..' cu].,111·!1·ss , 
having practically no e1ecLr·ic<1l cond11cliir1cl'.. Fi·e('. clcct1·u11s ilr· .. , 

obviously needed for the f'or·111;1tiun ut' tile c· - F cuvale11t hu11d 

" in this case. The distance l'clwe1:11 layers r·eaches 8.17 ,\ \\·i!l1 

the CF compound, On heat i n.v; ;tl 
(I 

lcmpe1·atu1·.: ahuve 5111J l', 

the comprJund ·CF decomposes i r- I u "c:ur1vcn t i on;i I" f' I uor· ides of' 

gruphi te, such c.ts CF
4

, c
2

F
6

, 1~t c. 

Graphite can also absor·h oxygc'n at CL·1•t<Ji11 cun<liL.ions. 

The produ.cts of this reaction dl'c cal !t~d ,v;r·;1phiLc oxides. 

They can be prepared from gr·;qih i t (! by nu.· ans u f' lht: "f'l'1.:c I 



-, 
j 

of strong oxidizer·s, such as K~I U,, Kl'.10
3

, or the mixt.lu'e 
11 -r . 

of H2 So4 and HN03 • These r·eactLdns a1·e c1!so accump<tnied by 

changes in colour. Black ~1·aph i t e becomes gr·adua ! ly lJr·u\~ 11, 

green, yellow and in the end .:.:unve1·Ls into the c0Jou1•lvss 

compound with low elect1·ic cundt1t.:Livity. These ~~t'<tphiLe 

oxides can absorb molecules uJ" w<1te1· and somt.:c• ur·_<San.i c 

compounds (acetone, alcohols} <111d i.ncr·e<1se 111,~i.1· vulLu11e 

during this process. 

Diff'erent compounds h<tVt: bt:t·n p1·ep<tt't.•cl by the 1·e<1ct r u11 

of <tlkali metals \l!i th graph it'-~ in l'l:cent yt:.:ar·s. The p1·ucl1i-: t.s 

of' r·ea~tions of' FeC1
3 

with .1~1·;ip!1i t.e li;n·e l><~en studied 

comprehensively. 

As the 1·esu.l t of Lht•st· r T<tc· 1 i 011:-;, i t h<t~j bet:n 1·1·c,1_1.~11 i ,,-: 1:d 

th<.1t the chang~s in crystal ~-;t1·uctt.11·e di!Tt:r· in ir1divid11<tl 

layv1·s in graphite crystal !<t 1 .. t ic1; is ulJs.:r•ved, sornctirt11:~j 

the shift of the laye1·s L..tk1:s p ! ilC:L' accump<tn i c·d •~Vt:Cl by th,: it' 

defu1•mation. 

In general, graphite is ~:hL'1r1ical ly Vt·r·y st;d>!<~'. lh::;id,· 

its int erst i l ial comp0l1nds lllL'ril. i •>rn.·d <.tbOVt!, gi·;,ph it c: l"u1·111o:; 

compounds with molten metals. Irr this w;1y difTt·r·enL C<t1·hid,;s 

can be prepared. Consider·ablt: pr·;1ctical imfH>1·t-.1ncc have 

WC, TiC, CaC 2 , SiC and U.:{ 1d1ich or c:our·s•' ar·e fJl'l'l'ill't:d ldl',\!/:ly 

by some other types of r·eac t. ions. ti r<tph i t e can l>t' bu r·n L in 

the oxy-hydrogen flame and t. he l't,11•rn<1 L .i. un u f' .v;asr:ClllS l '.I)., a11d 

ash lakes place. The quan t. i Ly oJ' ash can r·1!ach 2U p1· 1· cc·n t 11· t 

here according to the gr-aph it. c fHl!' it y. 
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2. Physical Properties 

All kinds of natural g1·aphi le u1·e of black or dal'l< y,i·ey 

coluur and have an opaque cha1·ac l er because they do nu l 

t1·ansmit light beams even in thin layc1·s. The density 1i1· 

gra1 >hi te is j n the range 2. l 7 - ~. 30. I. l possesses a llll: t <i' ' i ,_ . 

. l!;!Dss. It is not hard, ils li<it·d11ess amounts itsuetlly lu 0.5 -

accor·ding to Mohs. CleaV<-t~,_. is L-.x'-·el lent i.n the but.tum plillll: 

di1·,-ction. Graphite sho\~·s liolll g<iod •_:1ecl.1·i.cal ilnd t.ht..•rm<tl 

conductivity. Its purity h;is pusitive effect- Dn lht..~se pr·ufH.:1·t1,-:i. 

Electrical conductivity 01' p111·e ~1·<1phitv is ~.5 limes l1i~J.!t<;1· 

lhar1 that of mercury. TlH:1·111;1! conductivity t'V<..1C!iL:S 11c<1r·1y 

the same value as platim1111. r!1c rnL'.!Lin.~ puinL is in the 1·.111.·,~<· 

3 8"15 - 3890°C under- lhe pr·c~;su r·•.·s f'1·um 11. ! t •> ~ll'<t. 

Gr·a1,hile t'a\\· materials ;i1·t: clilssi f'i1:d 111;iinty <it..C<,r·dir1_1'. 

to ~he size of particles. , .. , .. ,,11 this pi,int ·d· vic1, ~.!yapl1ilL· 

is divided usuall.y inLo Lllr·•_:t'. ~1·<,11ps <1:-'i l'<il lci1..:s: 

J/ co<:H'Se flakt.! · gr·aphi Le 

2/ t'ine f1akc gr-aphite 

3/ wnorphous gr•aph i Le 

The most appreciated <1r'e the r·a1v 111<1Lt:1·i;1ls ut' mac1·ucr·~

s::.alline flake graphite. Tiley c;1n be uLi I izt~cl •.~ven in c<1~;1~ u!' ;1 

low carbon content /5 - 6~~ wt. of' l:/. l<c.iw mdter·i;ds co11t,iir1i11.\~ 

finer graphite flakes show ci f' ten cc111s i de1-.1b le: ca!'IHJn c<in t e11 t 

/e.~. 60 - 70% wt./ Amor'phuus natu1·al y;r·<tpltiles hav1: thvi1· 

cat·bon content even higher· /c·.y;. 7U - 80'}~ wt. 01· m<>r-1;/. 
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3. Artificial Graphite 

The industrial consumpl iun uf g1·aphi te h.is gru\vtt \·ii th 

cono;iderable rapidity al1·eady in L9Lh centu1·y. Fut• this 

1·e<1,..;on, attempts were made t11 111.11111L_1c:lu1·1~ Lili::; maltTi<tl 

synthetically. lt \vas Dt'~;p1·,·r/. \d1u 111<111<ty;c·d 1_.1 pt't'.p<tr'l' 

artificial ,grarhite fi1·st lll1' t Iii s di sc:•l\'1·1·y 1•em<1 i r11•d 1u1-

noticed by the industrL . .tl 1·i1·1· 1 es in Uiuse limes. J11lkpvr•(l1·11 1 
i:; 

on this discovery, the prep;11·<tt.ion u!' ar•t.it"lci;il .11,1·aphi 1 1: 

was rediscovered later by !\c!H~s1ir1. 

uti' ized the reaction 

s i() ., + 2 c + 5 3 9 Id "' :-.; i l . " ~ l I ) 

"' 
whi1·1l was accomplished in <-t11 1·'r·1· 1 1·i1·:1! 1·1·Si'.>!.d11c1• r·111·11.tl1·. 

Du1·ing the exp1~l'imental \\t>t·k, ;111 \\' i l '.-i , . , JI I! 11 [ , 

Sil: appea1·s as the main p1·1Hl11ct <>t· t!io· 1·1·;u·r iu11 un\.\· i11 v1·1·'"''' 

l•..!mpc·1·alt11"~ 1·;1nge. On exc1.:r·oli11.\•; tl1i~; !f'lllp1·1·:tl111·1· 1·;111_,,,,., 

co;i1·se flake ,g1•aphite ca11Jt· .111" tl1r, c•xist,,11,·,._ l . .tf,•1· t.!1is 

di.scover·y was used fo1• tlw i11d11st 1·i;il p1·<Hlt11.·ti1111 ,i1· <tl'I it'iLiii! 

graphite. For this pu!'pose, <1. sp1•ciul elt:r·l 1·ic f'111·n;iet: ~1i1S 

buiJt in which higher t.empt:r·;i!ut·l~S Cuttld be 1·e;1ched. rl1is 

hi.l,'.li temperature furn;_1ce w;1s t'i I led l>y tlw mixt 111•c 1>t· q11;i1·t z 

sand and coke and heated up Io 3 UtJC/\·. Tilt~ 1·c;1c t. i un t <tk!':-; 

pl<:1ce here in several phases. i\t Lile bt:.'J,i 1111i11.u., Si 1: is ii I o-io 

for·rued but it decomposes i11to co;ir·se f"lal<(! ,v;r·<1pltilt·. Silicittm 

which is present in the reactiun mixlttlT has 1·;tlhe1' lht~ 1·olc 

of catalyst here. Despite Litt• l'ac L that. g1·e;1 t qu;tnl i Li <·s 1Jt' 

gr;1phi te have been produced i 11 Lili s way, t lw 111ec:l1;m i srn ul" 

reuL·tions is not compl<:Lcly !<111)\Vll so J'ar·. 
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Almost any organic m<.ttPr·ials that leave a hi.\];h cc.u·buri 

residue after heating can be used as r•aw mater·ials in _gr·aphi t e 

manu.facture. Because 0f thl:i1· j1i1·1ue11ce un mic1·usl1·uct111•t.' <111•' 

hence on properties, car~t·u1 sL·!ecl..ion ur I'd\~ m;ite1·i;1!s 1~-; 

required to achieve the dt•si I't:d p1·u1H·1·t ics. i\ 111<1,jt>1· su11r·,·,· iii 

r<.H\ mate1•ials fol' the 111<.u1uL1ct111•t·: of' ;.11·t.it'icial ~1·•1pl1i.lt· !O-:; 

petroleum coke, a ref.iner·y hy-p1·•Hlt1t·L 1·,.,,111 cr-.1ckin.1~ 1J!. L·1·11dc 

oil. Petro1eurn cokes are 1·t:lut ivL~-~y c!H·<tp ;111d 1.i::;u;i! ly 1·1··~·-· 

from impuritjes so that. they dt'e s1tit;1b!t· t'ur· this fllll'pu:~c • 

APtificial graphites exhibiL f'r·t·quently ~l'L~itl t;l' fJlll' j ~ .\" 

than the natur·<:u ones conL1i11ing 98 - ~l~.5 \\L. u!' Cd1·l>•ni. 

fur·nacc gr·<lphite also beJu11t•>>.<.11·i::-;in0, dur·in.1!, c<1st i1·t111 n1,_.1' •11· 

Tog t: t he r w i t h s 1 a g , i t a pp t' " 1 · s ' i 11 t It t• s •. 1 1 · ! ·; 1t_ L'. , J t' 1 I 1 t: m,: ~ :__ . 

Th(·f'e are methods enabl in.~·; '· lw :;1:p<11·<1t iu1, ,,t· .1~1·;iphi 1,. 1·1'<)!11 

Lill' slag by means of fLol.;1l.iu11. !11 cu111p<11·i:;u11 1·;i'li 11;it11r"1 

Besides, thi~ ,graphite ar·i::--;l·s, 1·.,,. t';\.ilfllfJI<., d111·irig tl1v 

man:1facture oJ' CaCl,1 <ind o!' :1!1u11ir1i11111 !'1·1,111c1·y1Jr1 tit 

by means of electrolysis. 

There is one process ir1 lh1; indust r·i;1! pt·act ict• 1d1ict1 11'"' 

cer·t.ain relation to the milrn1l'i1cl11r·c uf' <t1·Lit'ici;1l g1·<1pl1il1: 

according to Acheson. IL is su cal led g1·aphit iz;1fjlill ~vl1icl1 

substantially improves Lhe qua 1 i l y of' t'L'. J'1·uc t. o r·y ca t'IH>r1<1ceu11 s 

products made mostly fr-om pet r·ul curn cukl! <HHI cud l -L11· pi Lclt 

as it binder, changing the c1·y:..;L1l sLt'lH_'L111·e ut' ;u11ur·ph•.1.1s t.ypc~; 

of graphite. This process consists in l1eat.in.v; Lhe p1·od1tc:l.s 
() 

at the temperature about 2 5ll() C in Lhe r·c!d11cin.~ i.1L111u~..;pJ1e1·e. 

This heating is usually C<H't'ied ouL in clecL1·ic t'l~sisl<111ce 

ful'naces and the consumption 01· clcct1·ic cnc1·~y arnuunL~; lu 

3 000 - 5 000 kWh/ton. 
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II. GEULOGY OF GRAPHITE DEPvSLT~ 

As mcnt ioned above, n.it 111·:1 ! g1·<1phi t e l1<ts l\nJ 111.i i Ii 

t'u 1 'lllS: 

a/ macruc1·yst<-11line ,'t~.g. !.l .. k1·s, pl'-tlvs, t'ibt·<:S/ 

b/ mic1·ocrystalline /"amu1·phu11:--", r·epr·es,~ntcd by c11111pdl' I 

subst :.rt<'<~ t'ui·mcd by srn<d 

subm i c r·usL·up i c :size.: . 

There a1·e severaJ tl1e1i1·i vs cu11C(!l'rti ng lhe 1·ur·IJl:1! 1<111 •JI. 

gr.tphite in nature. SonH? t.:X[Jer·l:'> d1·c· C<Jr1v111r_·cd '!1<1 1 1 111· "1·1:•.111 

oJ' natu1·al graphite is tH'.'J,<t11ic unL'., Lhc u•1t,_.1·-,; ltuld ht: ''f>pu:>l L: 

Vi<:w. In general, il can IH: s:iid th<tl !'iv•· t'cJJ~,.win~~ lyp .. :-, 11' 

gr·:1phile deposits are t'uund <ti! 1iv1:1· tl1v 1·o1Jt·ld: 

a/ ~~~~~!~~-!~-~~~!~-~~~-~~~~~~~~~~-~~~~~ 

Gr a r h i t e in t: h i s l y p 1 • ' , '· d l' p, 1 s i t. :-; 1 , • i r 1 ' I 1 ·~ I·, J 1·111 , >1 ! · ! "!" .. 

and is pPobabLy of ino1·gani1: tJL1l11t"1:. '.-:i11ch dt:pusi o> c:tr1 tw !"111111! 

in hasc:.tl.1.s or· met.eot•iLes ;i11d !t.1Vi: 11.i 1111fl•J1·1<111,·t, 1-.,,. 1ni11i11:.'.· 

b/ ~~e~~!~~-!~-e~s~~~!~~~ 

Graphite is also in ttH· 1·u1·11• ul' t'L1kes ut· t·ddiaL Lt.\.'..\!;t'v.1.~.il.1::-, 

her·e and ils origin is pr·uh:tl>ly ir1u1'.\1;i.lt1ic,.1::; wel I. These d1·p.,:,i 1 :, 

C:ll'e placed USllaL ly in L!H: b(Jdi t:S (),. i l'l't'.,\.~111 dt' ShdfH:S i.tlld t:Xi sl 

for· example in South Wales <1t1d Ouebec /l'.i1t1<tLlit/. 

c/ ~~8~~~~~~-~~e~~!!~-~~~~~~~~~~~~~-~~e~~~~~/ 

Graph:i tes in these depos i Ls dl'<o in I.he f'ur·m ut' 1· Likes <1tli.I 

Lheir genesis was probably ,is t'ul lows: 1·ucks wi Lil hi,v;h 1«tl'l><>l1 

or perhaps calcite cont:(~nt. 1tr1dcr•w('.t1I the conliicl. m1:Ld111or·pl1i~;m. 
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liraphite is found rrequently i.n Vl:ins illlhL•dt:d in igneOllS 

rocks. These deposits exhibit nv<u·ly always ,.1 consider·1.11>J,: 

quality (e.g. in Ceylon ur· E:1:.;! :-iil1L1·i;1i. 

ThL'Y contain usual !y r·1:i1 ... ,, v:r·<1plli t1:s ul" t!ie or·g<tr1il· 

uri:.~in and impPegnale t'1·t.·1p1<·111 !y U,llL·issi:·s ()t' di ITt::tTr11. ;-;or·•·,. 

They came into existence hy Ill• . .ins ut' t·t·gi<>n:1! l'tt:t;imur·p'ii ;-;1n •;!' 

rocks having the high ca1·b1ir1 c'<ll1't~lll. Thi: c!,1~:-;ic·:il t.\f><·,...; "! . 

such deposits are i r~ suu lf 1\\'co; ! ,. r ·n l_' Zt:chus ! l>V<1k i ct, B<tv: 1 t ·id 

and Madagascar. 

e/ ~e!~~~~~~~e~!~-~~~-~~~~~~~-~~~~~~~~ 

They include onJy ;_u111ir·nhu•t~; 1_1,r·itpl1itt: irnl11odt'd ir1 c.tl,·ilL·:; 

and slc.ttes. The shapes of' t!t·p"';ir:; dl't· m,;:;t!y 11·1·,.,0,11!:11· .i!1d 

int.he f'u1·m of seams. TIH~ u1·i•. 1.i11 ()!. :.;11,·h d1•Jlf1:-ii 1:; i::; uli\ i"•l',IY 

01·g:1nic ont-:. They wer·e pr·uh;d1 1 y l\_11·m1·d hy t.h1· 1ttr·l:i1tt!Jt·pl1i,...;!11 "1· 

coal seams and calcites ut• s 1 ;1lt·s. 

To summarize, graphitl~ i,; 1·,)11t1d <·i •fi,·1· i11 i.1>:11votts 1·1H·k,; 

01· in metamor·phous s I.ates. '!'lit· .•.•.r·;ipli it t· dt·!J<l,; i 1 s c<irt h<1v,· 

arbitrar·y shapes, irregular· tll·:-;! :-;, lc:nt il'1t!<1t' h1ldie~, :j..:'1111,;, 

Ve iris. !Jut there might be sum1~ i 11.<J;t'(~di t•11t s i r1 Lhe \\<.ts! l.' r·ock::i 

causing difficulties du1·ing t.l1l' g1·apl1i Lt~ pr•t•p<tr·atiun. '1'11c 

worsL impur·ities ar·c 1·ep1·escnt.vd by mic<t, clilor·i I e and py1·1 It·. 

Espf~cially mien. due to i Ls phys i cu-chemi ("ii l pt'UfH'.T'I: i t'.S c'dll l>l' 

separated .from graph i Le only w i I h fH:l·11 l i a1· di t't' ic11 l it•:-,. 

The content of graphite in its r·uw lllilL1.!1·i<1!~.; Vdt'ie~; l'1·um 

3 - 5% to 95 - 98% wt.. Whilst r·id1 ,v;r·aphilt•s dt'e usu;ill.v 1·01ltld 

.in thin veins, the deposits of' low .v;t'<1philt'. ctinLt•nt at'(! ot"ft·11 

very large. 

In the economic feasi bi Ii I y studies concet·ni ng l.th! 

possibilities of mining graphit.e in par·Licu!ar place, al 

impol'tant factors must be taken inLo conside1•at.ion: cl imdlc, 

Lran:;port, labour, cat·bun curt! t·rd, l.'Xl.,·1il ()1· U1c dcpo~.;i t .. rid 
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lhl' compositiun of WLtsle 1·uc·k. 

2. Deposit Pt>ospecti.n.g 

Must deposits have bcv11 di:-;cu\'CJ'l'U by l'!litr1cL·, t:.:s. 
by the e1•usiun e1Tecl DI. 1·i1.1·1·:j dLtt·in.is l'!uuds ur· 011 L'11t t t111c, 

du\. n L ht.: l 1 • e e::; • The de p u::; : :~ 'J I' .\.~ 1 · <1 p I 1 1 , • • , 1 " • i 1 " · c I' 1, ~ 1 1 t ! y 1. •: , · \" 

i rTegular with 1•espec l L•' 

ev<.iluat-ion. Better way 01· j' 

tl'('!1Ches ar:id pits. It can b1: said that t f1L~ ,\!,l'il[lh.i 1,. dl·Jll>'o! 1 

pruspectin:J; is a ver·y clit'!'it·t1I 

f>O!:os i bi l j Ly 01· er·1•ur. Ht~Cl'IJ': .',' 

e.lt·ctPic fields ar·ising :in 'lw 1·uck:->. 11· , ..... !.; 1:-.; :-.·11·r·i,·i .. 11 1 !\· 

wet, dit'fer·cnt elect:1·ocla~r11ic<11 p1·uct~1.,;:.; <11·1• 1111d1~1· 11"•Y· '!ti•· 

by Lhe change:.; oJ' t~ ! ec: L t'1Jt'! 1<·111 i "'-' ! .. I 
! d. ;-, • I I I (. • l ;, \: u!· 

g1·<1phi t.e, such phenom<~nil L:<111 I,,. I '. 11.' I '< !, 

H :-,11 furrned liy wcatht~r·i 11g "!' fl'> 1·i t •.·:; 2 4 . 

puo,:;ibiJjty of Lhe appl.icul iti11 •>I ll1is 111t·l!1•11!. Tl1• .. · 1·v:,11!l:; .,f 

such rneasur·erncnLs must be c!11·1·kt:•I by 11t•!<111:; u1· t"!:t:;1-;iv<1! 111(,t!1•HI~. 
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III. MINING 

Different kinds of gI'ctphi Lt..: lh~pusits requiPe the 

appropriate choice of mining methud. Beside that the way 

of mining is dependent on the 1·equ; 1·em1~n ls of l lie p1•cp.t1·a Li un 

plant. There are two subs t ari Li al I y di f' f'e r·en t me Uwds u f" 

mining: surface mining and d1~1~p 111ir1ing. 

1. Surface Mining 

When graph i t e 1 en t i cul a 1 · de pus i t , s e ii rn u r · v e .i r 1 1 s r w" r · 

the surface, surface mining is utilized. Ln I; i .V.l11·e ') "-. 
cr·oss-section of Zettlitz rnirw (i\11st.r·ia) is shown. The dt:pu~;i 

in Zettli tz is about 1 km ! u11\~ arid s•>ffl1~ :.!~ rn lh i ck and is 

imbeded in the gently di pp i r1.v; s ! ufw 1tnd1~1· I he Lh in uve r· 1 ~· i rig 

shet::t formed by weathered r·ol: ks. Tht..~ mini n.I!; is accomp: i sh1~d 

in several working faces kn:!r1.v; Liie llt.:iS-1,lll uf' ;~5 m. Tlw 1·<1,:es 

are broken by pneumatic picl\s 111· s1>111ctim..:s l>y exp!usivt~ 

blasting, Hand sorting arid :;; i '/. i r1.•.', u1· l>r·"kcr1 .v,r·<ipli i le I'd\\' 

material takes place un the ~~puL. Th1:r1 tlw mat1~1·ial is 

transported to further tr-1~at111cnt. (jr·aplliLe 1'1um Zt.:lf I itz is 

alsu used in t.he blast fu1•nt.te.:c::; j n::;LL~ad ul' coke j n casl: oJ' 

the basic iron ore melting. 

2. Deep Mining 

When we cannot manage Lo hoist .~raphi Le by means or surot·ace 

mining, deep mining must he applied. AccupcJing to local 

conditions, different me thous o I.' deep mining <cH'e chosen. Twu 

typical examples taken fr•orn Czechos luvald a ar•e shown in Fi gut•es 
• 

3 and 4. Pneumatic picks and exp I os .i ves ar•e used he re !'or 

exploitation. Broken material j s sorted by manual wol'I< and 
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transported by cars. Waste rock is either maintained in the 

exploited space or is transported to the dump on the 

surface. 

The main obstacle \villi l'espect lo Lhe intensificatiun 

of the production in case uf deep minin,l'; is the necessary 

so1·ting of broken material c.rnd ut'Len the small size uf Lhe 

deposit. 
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IV. GHAPllITE PREPARATION 

1. CL1ssical Methods of Graph i Lv !'1·~:parati on 

The preparation of gr·aphile 1s a \,et·y c~rn1r,lex ~n·oce:::;s 

·and it must be emphasizt.d t.l1<tl I.he 111ethu1.b ~uiLtble fut· Liu.: 

pr•eparation of the Paw mate1·i:tl t'1·u111 ce1·L<1i1~ d1:.:posit cannu•• 

be always succes.:;!ully used iri ull.et' cases. 

The simplest sorting ,. 
u. r he \\as LP car1 be chu:::;en un ! y in 

case of the materials 1vi th a hi.~h gi·<tphit.L, cunt:ent and L!<1si ly 

remcvable waste. To tell lhe Lr·11Lh, s11ch dep,i:=;i t:::; pr·uli.tlJ!y 

do not exist in our times it! a!!. Tt1l~t·ef'c_ir·l.:, i I. 1:::; r1t:C',~:-;~,itt'.\' 

to apply the more complex lll1'.!t1()ds l'ur· Liii:=; p111·p(•~.,c. lt. j:-., 

very important not to darnma.11,t~ t lie .\£1'<-tf•hi 1.t~ t'L<1k1~::; dur·in.v. 

the preparation. 

The most delicate <:1spect.s li!' the pr·t~f>ill'il'. ion pl'uC:l~::::is ill'<.: 

cr·u:=;hing an<l especially .~1·indi11g uf' Llit! gr·drit1itic l'<-t\\' m<.tlt:r•i;il 

For crushing the hammer c1·11:.,l1cr·s <n' ct•1·Li1ir1 kinds ut' impact. 

pulverizers ape successf'u I J y ttst~d. Su1111; p1'1HJ1tcc1·s u~;t~ ill su 

ordinary jaw cr'ushers ro1· 1111~d i um (>t' cu;11·0,e CT'ttsh i 11.~ l11ll t 111:1·1: 

are o!ten some operational dil't'icul~ies in Lhis case. 

For !ine grinding, a c;11·<::d'ul application of pan ur· ball 

mills is usually suitable. Nu\o:adays, ball mi I ls ar·t~ fH'el'1~r-r·(~d 

to other types of mills fop lids purpose. Bal mi !ls have a 

good ef'fi ci ency and can be he t Lt' r· app l i ed in con Li nuuus 

manufacturing processes but the q11a1 i ty uf ,gl'i.ndin,g is nul. 

in average as high as in case uf' pan mi.11 s. There is a dangt~1· 

that the material will be gr·uund too much which is tht..:n Uw 

substantial obstacle during f'lotal:ion proct:!ss. Fo1• this 

reason, it is necessary to contr·ul the hull chargt:! oper·ating 

ball speed, etc. In general, it: is advisable Lo.experiment. wit.h 

respect to the way of crushing or- grinding ot' p<lrlic1.lla1· raw 

materials. 
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Graphite pulp from the pan or ball mill is then washed. 

Washing of graphite pulp is carried out in the system of wasl1ing 

throughs where-the fine sand sell.ling occu1·s. Graphite seLtlir1v; 

takes place then in the sed i rnenta ti on Li:tnks. Coarse par· ti(' I c~> 

settle first, of course, then come f:! ne 1· ones. Settled g r·<1ph i t 1:: 

is tlewatered in the pr·ess Li L te1·s a11d lh<:n dt'ied in app1·up1·i;.it 1: 

dt•i ~PS, 

There are also small por'lions of pyPite in some sur·ts of 

washed graphite. Pyrite mu::;l be r·emoved on the vibr·dLory !:ab~t~s 

introduced before the own washing. 

2. Flutation 

The most frequently used method t'or· tl1e g1·;1rhi t': pr·cpdt'dl.iun 

is flotation. The first patent. concer·ning the t'Lot.at:ion fH'(JC1:ss 

was granted just for the c<t•>1: ()t· gr·aphi_I.,: in 1877. thi:,, pr·(Jl'1:dt11·1: 

is really suitable for g1·aphi'l: 1H·epa1·atiur1 but only 1:1 Lhl: 

initial stages of the whulc Pl'lJ('<;SS. rt is cl.:pt'tldt:l1L (J(l Ilic 

manifold of factors like llH' cr·y~;Lal si;--v, t1:xtu1·L., admixt111·1:s, 

e Le. 

Nowadays, only in Ceylun lher·e js a possibiliLy Lo t!Xploit 

the deposits directly and wi tho11l fur·Lhe1· pr·eparation. /\11 

other graphites with a carbon cunLent over 90% wt. have been 

prepared by means of special LT'eatrnenls, rn<.dnJy by fJolaL_icJn, 

We can say that it is especia!Jy flotation which enables us 

to make full use of the rnoT'e inl'er·ior· deposi Ls of graphi U!, 

The content of the pa tent gr·an Led by Uessel br·o the ros was 

as follows: to graphite suspended l'l water•, some su i LabJ e 

organic compounds, carbonates and <>...:ids should be addt!d dur·ing 

heating. The addition of 1 kg ot' chalk per JOO kg of gruphJLe 

was recommended. The effec L uf' uc ids on car-bona tes CC.luses Uw 

evolution of gaseous C0
2 

Which t'e!:;;Ul t 5 j n forming the rr u ta L j on 

foam. As organic compounds th'~ por-tion ut' which v1as maximally 
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10% wt. in the suspension, uifTerent animi::il i::ind vegelablc 

fats, aetheric oils, kerosene, gasoline, paraf"fin, wax~s. 

ozocerite, etc. have been us~tl. 

Graphite belongs to the• nur1-pu Lt!' 111e1tl:1· i a I!:; sttch a::; 

sulphur· or carbon. Such subs t itrlCl!S shu\\' t yp L cal cov..1 ! t::n L bund 

in !heir ctlu111i.c structur·e. This nun-pol~u·ity Pesults jn their· 

hydr·ophoby or water-Pepelling. Flotaliun of such rnater·idl::> t<ikL::::i 

place easily ar~d of'ten only fDandng a.v;er,ts (wjtl\Uut cu!L1~clurh~) 

are necessar-y for its accomp!jshment. Such pr·ope1·ty of matt.:r·i~1ls 

is called natur>al hydrophuby. Whilst wa!:;Lt: r·ock is hydr·uphyl ic, 

i.e. water receptive, the .v:r·z1phit.t~ p<1rticlt:s .:11·c· nut wt~!.tithl1:. 

Just: this fact determines tl1v p<issi!Jility of tht: <1pp~ic.·<1t iurt 

of t'lotation technique tu tl1c t'L'f'inuncnt ut' .v;r·<tphitL:. 

Organic paraffinic oils <tdd<:d Lu Lh·~ gr·;1r1h it e suspt:ris i un.~ 

ar>e absorbed by graph, te itnd i r 1c r ·t:i.tSt: i ts n<1 t 11 r·a I hyd !'()phuby. 

They are ca l l e d co 1 l e c tu r · s • S i r h c g 1 · c.1 p I 1 i t e i s d Ii y ct 1 ·opt 1 u I> i c 

material, the vert.i ca 1 compun(•n t (it· s11 r·f';1< c !.l.'ns.i 1ir1 <tC ts l1e1·t.: 

against the gravity vector·s uf' thi· i11dLvidu<1l .v:r·<.tphite pa1·liL:!vs. 

In lhis way Lhe paf'Licles Ci.ill ht• lif'lcd lli the !':illl'f"<1c.:1: ut' liquid. 

In case of hydrophylic minct'i1 I , the cl't'ec t ul' ::;ur·Ltce Lens i un i:::; 

quite reverse. On the olher h<1rHI, tile foaming agcnLs decr·e<.lst~:" 

the surface tension of" walt.~r· ;1:1d must be, Lhe1·ct'o1·t:, so~uble in 

water to a certain extent. They cr·eale r·el alively stab] e f"o<tlll 

on the surface of the pulp and suppor·t the ahsurpLion of gascu11s 

phase by the individual par·Licl<.:s Cc:H1~in.v; at the same ti.me 

decrease of their unit weight. The t'oam1ng agents ar·e mostly 

represented by heteropolar- substances the molecules of which 

comprise both hydrophobic and hydrophy Ii c gr"oups. Nuw<.HJays 

pine-oil, synthetic terpenylalcohoJ and xylenoL are lar,¥.t·l.y 

used for this purpose. The po I <tr' groups in Lhe foi:lm:in,g agents 

have a strong affinity to mo! ecul es of H.,o. On the ottwr hand, ... 
non-polar groups in these agen t.s <Jre or i en Led to gaseous fJhase, 
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i.e. to the centres of air· bubbles. In this way the air 

bubbles are protected against fusion. 

Electric repulsion for·ces inhibit the development ut· 

big bubbles which are harmi"ul lo the whole flotation pr·ucess 

and contribute to the stcibility or roam. 

b/ ~~~~!~~~!-~~e~~!~-~£-~~~-~~~!~!~~~-~~~~~~9~~~ 

Fiotation of the flake graphites is mostly easy. Its 

sensitivity to the changes of important technological parameters 

is negligible. Practically the only £'actor which has ney:<-tt. i Vt· 

influence on the course of flotation in this case is the c!i<•ll.l'.<~ 

of the raw material composition especia!ly that ut lhe \\<tol.<: 

rock or of clay minerals. '!'his L1c Loi' appear·s very ufLen t n 

pr·actice and results in ueLe•·iuratiun uJ' the cuncent1·ale 

quality and in increase of car·hon cunlent in Lhe fH'UCe:_;s 

waste. 

According to earlier notions, fluL1tion of' micr·ocr·ystal inc 

graphites (or so calleo amo1•plwus ,v;rapliites) is impossi.ble. 

It must be conceded tha. t considt·Pab le prugr·vss has been r·t:dcht~d 

in this respect. At present, spt!ci.~t! f'ir·ms t"Julate t!Vf:n 1.h1·s,; 

graphites in a quite salist'<lclu1·y manrtt.!l'. 

A decisive role in flutu!.ion plays the size and shape u. 

graphite crystals. The main requirement here is Lo maintain the 

original size of the flakes during .v;rin<ling. Only weL gr-in<lin,g 

is used for the disintc,grat ion of the graphi Le raw mater·ia Is. 

By this wet grinding the djsintegraLion of flakes is attained 

and at the same time the waste rock is separated from .~r·aphi le. 

The preparation of graphitt' by means of the flotation is c<u·r·ic·d 

out in several stages. One st.age consists in grinding ope1•alio11 

and subsequent flotation. When I.he raw material passes through 

several stages, we can receive concentr-ates with carbon 

content reaching 94% wt. 
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In general, the prepa1·a t ion of graphite is unusually a 

difficult and complex process. Graphites \Iii th a carbon con tent 

over 94% wt. must be prepar·t-·d by nv~ans or chemical rei'ining. 

Several flotation syslems su.i l:able for lhe p1·ep.t1·atiu11 "t· 

gr<iphi te are shown in Fi g111·L- 6. These sys t. ems have more s •.a.';_-',c..::::o. 

Tht; systems in Figure 6 a/, c/, d/ have 4 stages, F igur·e 6 h/ 

shl)WS three-stage system. T!1csc..:: ar·e m<..tny types oi' fl ,ital i un 

systems for graphite pre pa Pat ion. The 1.•;as Les i·rom t:he i_ nc.Li vi duct l 

stages are for example mixed t ugt~ t.her or rt.: turned to fH'c~v i ous 

stages, etc. 

Ex.istCr-l·ce of the variety uf differ·ent: tt!chnul•>.l.!;ic<tl 

solutions in case of graphite p1·epar·<..tl ion i:::; dett•1·111incd u1· 

at least conditioned by UH: 1111111u1sc var·jecy ul' L11,; gr·;ipl1i •.t.! 

raw materials with respect. tu U1L·i 1· curnpus[t iur1 <1r1d lt·xt111·1·. 

Frt:!quently it is necessary i11 11r·actice tu pr·1~p<11·c.! gr·ctphite 

from the deposit including hull1 the flake and itlllur·plwu;;; .v,r·;ipliitL·. 

Such cases are most difficult Lo solve. 

Despite the fact that flake ,graphilt: can be 1•el<tLivt:ly 

easily flotated, amorphous .v:1·<1phi l.e:::;, 1;r1 Uit: uLher· h<t11d, 1·eq11 i r·,, 

less case during grinding since the <lamct"I' tu c1·y:::;Ltls i:::; tllJL 

so dangerous here. It is !.lien advisi..ih'.le Lu attain Lile 

di si ntegrat ion of crystals <ts qui ck ly as pu:ss i bl e for t~Xi..lmp 1 t-~ 

in one-stage system or maxi mi..I L l y in l\vo s t:ages. 

The industrial flo La Li un pr·ocesses a1·e accompJ. i shl~d in 

many types of flotation cells or in hydrocyclones. The detailt:d 

description of these equipments car. be found in special 

publications. 

Flotation cone en tra Les mus L be dew a L e1·ed. For Lhi s pu r·posc 

the filter presses are commonly used in Czechoslovakia. ln 

other countries, vacuum fi lte1·s 01' centri t'ugal separ•alor·s ar•t: 
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preferred. Fi 1 ter presses ar·e sui table especially f'or the 

dewatering of amorphous graphites. On the other hand, vacuum 

filters and centrifugal sep;_•ra tors are commonly used for 

dewatering of flake graphites. 

Graphite contains some 3U% wt. of \•'aler after- filtering 

and, therefore, it must be dt·:u!ll. In earljep times an upen .:iii· 

drying has been frequently usl:d. This way of dr'ying is r·<t~.h,:t· 

time consuming, little ef"f'icient and dependent on Wtlatne1· • 

At present time, rotary drum k i 1 ns are usua ! ly applied for' 

drying. They are equipped by inclil'ect heating and as fuLl 

either coal or oil is used hPr·e. Als1. spray drying without 

filter presses has been successfu 1. ly int r·uduced in nt<tny cast..!S. 

After drying the sizing of gr·aphi le accor·di11.<S Lu tlw diml~nsiu11 

of flakes must be accompJ ishc-d. This siziny; contribu.tt..:S to 

further purification and o!' cn1_11·sl~ L·nables 11s Lo st:.·pat·at.e Ull~ 

individual fractions of graphi '-~e \\°i th 1•esp1•cL to it:::; pr·iJct icd t 

application and pr•ice as we! t. The bigy;et' <1ncl cle<rne1· thl: 

graphite flakes, the greater· Lhei!' ca1·bun l'untent: nnd uls<> 

their price. The sizing of ,v;1·aph i Le is Cilr·r·j t:d out by Li\U 

different processes - on sieves 01· in t.l1t~ <1ir· l'l.uw. ln the 

fi PS t process di fferen I lypvs o t' si f' Let ·s ar·e 1·1·equen t. t y ust::d. 

Aj t' sizers introduced into the prepctt'at ion of .l:!,l'~tphi Le laLt:t· 

are reliable but more expensive. 
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V. REFINEMENT OF GRAPHITE CONCENTBATES UY MEANS OF CHEMICAL METHODS 

Graphites with the ca1•bon con tent over· 94% wt. must be 

prepared chemically. Chemical methods of 1·efinement find \vi de 

use if high purity of graph i t e is r-equ i 1·t.:d and at Lhe !:;dnte t i me~ 

natural raw materials rep1·eser1t the point of depart:ur·e j n 

manufacturing process. From lhe histor•ical point of vie\\', 

methods of chemical ref" i nernen t u f gr•etph i te a1·i:: older· U1an 

those of' flotation. In the Limes when manuL1ctt1r·e of synthetic 

graphite \vas unknown and fLotaLiun undt:>veloped, cl1ernicul r·e! i11ir1.1~ 

methods represented the only way to meet the sophisticitled 

requirements of the conternpo1·ar·y pr·oduct:r·s. NowaLl<tys, cl1t~m i L'i1 I 

ref'inement methods regain Lht~i r· pusi ti on amon~ gr·aphit_1,_• 

manufacturers especially 11." 1. o t hi: t'ac t. t h<1 L p111·e g1·<1f'h it 1..• ! ,; 

the necessary mean for tht: ,tl.umi.c enePgy JH>\\er· pLunt.s arid t'ur· 

certain branches of the clit>111ic<t1 i 11d1ts L r·y. 

Schlaeffel method consists i11 !PC1cliing gt·<tphite l>y Ill:! 

and NaOH, subsequent melLi.n.'.!: 1•:iU1 sullit t11d w<tsltin.I.!, by hitr·111 

water. Winkler recommended to l11·:1L f~r1i_:ly g1·uu11d .v;1•<1phi le \\'it t1 

calcinated soda and sulph111· L11 Uie cuver(!d c1·11cibles as Llm.I.!; <ts 

sulphur burns.After cooling, Ll1t· sjnt(!r·ed s11l>~;ILJ11cl! is bui J,!d 

with water and then de can Led. The r·es i due is L eLtched by u i I 11 t ,.d 

HCJ which disholves all i!'on pr·esenl in Lhi s r•esi<lue undt:r• 

evolving the gaseous H
2
s. Firwly dispe1·sc:d gr·uphite sclLles 

down a:fter some time and sma I I poPti ons of' quartz can be 

eventually removed by NaOH at hi y;h LemperaL11r't!. 

An interesting chemical r·ef inernen t of gr·aphi le was \vorked 

out by Luzi. According to him, .~r>arhi Le moistened by concentrated 

HN03 is heated. HN0
3 

pene t rn Les in the cour·se of heal. i ng be tween 

the graphite molecules and causes its expansion. AL LiH· same 

time, particles of mineral impt1l'iLies a1·e r·eleases as the 

distance o:f graphite molecu I es increases. lir•aphi Le pPepar·ed in 

this way is very plastic and sui Li.lhle for· f)l'essin.g. 
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In 1899 Douglfl.s brothers pr·oposed, for example, refinemenL 

of graphite by means of HF. Never·theless, the refining by NaOll 

and HCl essentially acco1·di1tg tu Schlaei"fel met:hod is mostly 

us~d in industrial practice. 

1. Chemical Refining of Gr·ap 11ite in lndustr·i<tl Pr<:u·tice 

Decomposition of possible impurities caused by NaUH can 

be expressed by the followin.~ equalions: 

Na.,S10.~ + 11'.,o 
~ ' 

SiO., + 2 Na OH 
.... 

') N<1/ 1\ I U.,1 I t I: () 
'- ., 

.... ~ 
Al

2
0

3 
+ 2 Na OH 

P205 + 6 Na OH = 2 Na l,ll . 3 . -l J II" u 

Ti l) 
2 

+ 2 Na OH Na
2

TiU
3 

+ II., u 

::: ') '.'id. VO l + 3 "2u "- J . V205 + 6 Na OH 

Fe/till i ' ' 3 Fe 
t3 

3 OH + 

equations: 

t3 HCl 
+ 

Fe + 3 = r 1· I t :j II • t~' 3 

MnO + 2 HCl = MnCo., 
.... 

+ 1120 

CaO + 2 HCl = Cat:l.) 
'-

+ H/> 

MgO + 2 HCl - MgC l ., + H
2
o 

.... 

If in addition HF is 11,.;e<l in the leaching process, 

the following reactions can take place: 

4 HF ::: + 

2. metal compound + HCl = metal chloride 

3. metal compound + HCl .:;; fl uorchlot·ide comp.lex 
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On studyir.g the reaction mechanism, scientists have come Lo 

the conclusion that the reactions proceed primarily according 

to eq. 1 and 2. All ash ma.Lters should be transfer·1·ed into the 

solution, Si02 should evaporate as SiF_
1

• Alkaline reactions at'<-! 

accomplished by melting. ACt:<-!l' cooling the melt must be c1·usht:d 

and leached by water. Fillral i.un of these all«.tl ine products 

p1·oceeds without great du· Yi cult~ i t~s. A f' le 1· the ada i. L j ons o C 

HCl, the voluminous gel or s i.U2 . n 1120 is l'u1'11led as follO\\':::i 

+ 2 HCl • n II f J ., 
'-

.Many different compounds f'1·orn the su !.ut ion can l>e <..tdsur·bt:d 

on this gel and its filt:ratiCJn i::-; not: edsy. ~e1·iuus dit'l"ic11!ti«s 

are al so caused by melting \\' i l !l su ! id :'>Jai-Jtf, c<.1 r·r· i (•d 011 !. ii! 

higher tempePatuPes (the op!.i111u111 t.ernper·atitr·e is appr·oximdLt:·ly 

at 320°C). In this way the pr·oduct wi Lli m<tximum cL1dHH1 cont:L~nt 
96 - 98% wt. cc:n be mu.nufac Lu r·ed. 

FuPther method possibly ~;11it<tble J'ur· the i.11dusL1•ial 

application is so ca1led aH>il!ine culci.nafi(Jn. [!is l1;1sed 

on the fact that the solubility ut.' SiO.> ir1 !'ldUll is dt'[H·11dt!nt 
'-

on the crystal modification ot' SiO.). I1isso!vi11g of q11ar·Lz 
.... 

in the diluted NaOH proceeds sluwl.\ v..ht~r·t~ils L1·idymitt: is 

dissolved easily. In pPactice Lhis methocl is carried out 

in the following way: Graphite r·aw material is heated up to 
0 

300 - 400 C, put into hot NaOll solution, bujled t'ot' some t.irne 

and after filtration leached in t!Cl. This method has nul been 

fully worked out yet in detail but the r-esults Peached in 

pilot plant tests sho\ that at cerLaJn condi tj ons lhc p1·uducl.s 

having 99% wt. of carbon can be manuf'actur>ed in such manner'. 
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VI. APPLICATION OF GRAPHITE 

1. Ref'ractories 

Due to its excel lenL f't .. .!!'1·cic tur•ines:s, lher·mal cunduc L<.1nc<: <tnd 

resistance to thermal sh•Jck, g1·aphite is suitable f'ur· Lhe 

m<:u1ufacture of crucibles fur· teducing smelting. C1·uciblL·s 

fr•om graphite were used in me ta l lurgy al r•eady sever-al hundreds 

years ago. The reducing p1•operty of gpaphi le is also udvantd.'J;<ouus 

during melting of metals since it slo\\'S dO\\'f! the for·m<ttiun ot' 

oxides and slag. Graphite c1·ucibles are made either ,,iL11 c!~.y 

bond or with organic bonds. U1·gan i c bonus ar·e used must Jy in c;1s1~ 

of amorphous graphites. The pi·oducLs conLtining these micr·u-

c rystal 1 i ne .~Paphi tes a re l'r ·<.·qu1:n L J y gt 'i.tph i Li Lt~c! 1. s1:r~ .! • 3 .1 

a.fler th~ normal ceramic f;:1lll'jcatiu11. ln l!1i.s way, t.l11:i1· qtti1!i 1_y 

can be substantially improvt:d. Tu tell the tr·ut.h, L1111u1·p~1,):ts 

graphites ar·e not suitab~e !'or• Lhe manufacLu1·e uf crucib'.es. 

Pressing of such materials yi1~lds m;1ny pr·oblerns (cr't:!~liur1 ut' 

rnicrocracks, unsatisfactur·y 1·es11 L l irig der.s i ty J. r-.1u1·c(;\'e1·, t !11oy 

are not stable enough at hi:sh temper·at.ur·es loosin.1~ mt:cluinic~1l 

str·ength and increasing put'•>s i. t.y. l3u1·n i n.1~ u!' anH..J1·pho1ts .v,1·<1ph it <.:s 

at higher temperatures takes place much lll•Jr·e easit~J· Lh<Hl lh<tl ul' 

flake graphite. 

On the other hand, the co<:u·se flake graphites are vel'y 

attractive for the manufacture of cr•ucibles. They ure mixed l\iLl1 

refractory clays which have good bi ndi. ng proper·ly ctnd do nol 

contain Fe
2
o

3 
and CaO. Magnesite is also frequently used i.11 

the bond here. The very impor-tant stage of the ceramic 

fabrication is pugging the humid body. Welting of gr·aµhi te 

flakes is very di!ficul t because of its hydr·ophoby. Kneading 

machines used for this puqwse must be really efficient. 
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After kneading, t~te body must ma tu re for some weeks before 

forming. Careful drying takes place then at 60°C and firing 

continues at the tempe1•c.. tur·es of !:}00°C in the reducing 

atmosphere. 

The softening of graplii t.e c 1·uci bl e begins usual Ly at 

2ouo0 c. The crucible of good quality shuu!d withstand 6U melt::; 

in average. There are also some technologies for the r·egene1·<1tiu1, 

of graphite from worn-out cr~cibles . 

Graphite can be used for mould dpcss in~ arid s 1 mi lat· 

pui--poses in metallurgical rlants. The endur·<rnce of' bL1sl t'ur·nac•:o-, 

is sometimes improved when in the bot tum ur· hear·th l.l1l: .V,r'<qd1i ! t· 

bricks instead of firecl<1y br·icks ar·.: i:.tppl ied. Tiie l;1yer· l><, 1.\·.•Ttl 

graphite bricks and me ta l he: a 1· th cas:i ng is al su 1·1 l 1 ed by 

graphite ramn1ed lining. 

2. St:r-ucture Ceramics 

In the p.lants where expl(>sives or <~xpl•>SiVe cliemica1s <u·e 

manufactured, there is a ditngcr· consi!::;lirig in the possibility 

of explosion due to the discharge of static electricity. In 

order to prevent from gather.in.v; of elec.:Lric cha1'ges, floor

tiles having necessary electr·.ic conductance are utilized fur

making the floors, pavements, elf'.. These special Liles ar·t~ 

manufactured f"rom graphite, clays and grog by means of' ce!'amic 

fabrication processes. F'il'in.v; niust be car•p{ed out in sag.v;ar·s 

filled with coke powder lo pr-event Liles from oxidation. 

Gr·aphi te present in the body must f(>1•rn the interconnec Led mat r· ix 

which enables the conductance of el ec: L ri c cu1·ren ts lhr-ou~hou t 

the tile. 
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3. Electrical Engineering 

Electrical conductance toge th er with considerable chem i l'd l 

resistance make graphite attr·active :for the use in eJect1•ic<tl 

engineering. For example, el eel.rodes for di ffer·ent types ul" 

el1.~ctric furnaces, heating tc'Lt:·ments for· elect.1·ic r·esisL;111ce 

fur'naces, anodes for elect1·ulyL.e1·s, bar-s i'or al'C welding, 

electrodes for galvanic cells, ca1·bon bt·uslH_'.S fo1· c.lecL1·ic 

molops, etc. are made :from gr·aphite of high pu.1·iLy. Elect1·odes 

IOI' arc furnaces and heating elements ror elecL1•ic r·esistance 

fucnaces are also made :from amu1·phous gr·dphi tes. VL!l'Y hi,i.!;li 

pur·ity must show graphite!.:; t\n• Lhe rnanufactur·e of' elt·clt•utlcs 

used in spetrographs. For• Lhe steel-rnakin'.._; a1·c f'1_n·naces, 

electrodes with diamete1• j n the r·angc l JU - 500 mm ar•t; 

manufactured. Their specific conswnpt.ion is in <-tbuut 9 l~g 

of' graphite per 1 ton of' sLee!. 

4. Lubricants 

Graphite represents U1c'. impo1•ta11t p<tt·t o[' muny lub1·ic<1nl ~; 

us C! d in near l y a 11 branch t~ s o 1 • L he i n du s t 1 · y . I ! 1110 l e c 1 t l ; 1 r · 

str-ucture determines softness, gr·easy J'eeJ, high abracbhi Lity. 

Lubricants must form thin viscotts t'ilm between lhe f'r-icUon 

planes. 

Viscosity o:f liquid l.ubricar1ls decf'eases with l'hdng 

temperature, Due to this f'act, the loadjng of' fpict:ion parts 

should have to be substanU ally decroea~ed at higher• temper·aLLH't~s, 

It is advantageous in this respect to utilize lubricants wi t_h 

the solid phase content (e.g. gr-aphite or M'os
2

). For Lhis 

purpose chemically refined colloidal graphite is usually applied. 
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Colloidal ver·y finely .~wound gt·dµhi. te pe11etl'<:1tes during 

run into the surface pores of lubricated part, forming smooth 

resistant film. This film cannot be easily torn off and 

moreover it conducts away the heat which contributes to 

the better cooling of e.g. lub1·icated bearing. Gr•aphi te 

lubricants are mostly either· rnixtur·es of pul'e flake gParh i t.t:: 

with grease or oil suspensio11s of colloidal graphite or• 

water suspension of col I oilldl gr'itplli Le • 

5. Manufacture of Pencils 

Modern way of' the manuLwttH'e of penc.its has its u1·i.1!,ir1 

in the discoveries by HaPdmuth und Conte in 17~HJ. ::iincl: 

that time black leads have I.wen p1•1)ducl~d !'1·0111 Lhe mi xt ur·e ut' 

gPHphites and washed clays. W1~L .v,1·i11ding ut· Lhest• c1>111r)li111·r1ts 

is carriod out in so calted czech mills. ll<ttiu gr·uphit·l:/clay 

determines the hardness uf pcnci l, I· irlt'.ly gr·u1md ndxlur·e 

must be dewatered, dried, kr1t•ad1:d and ca1·1d'ttl ly hornc>~l~ni /l'{L 

Thl·n it comes f'opming, Llr·y i ng of' .. :umpac ls and in tile 111d 

firing in a reducing atmosphc~r·t:, 

6. Nuclear Physics 

Graphite serves in the nuclear t'eac l or•s as muder·<t lor·, 

reflector or shielding layer. It retards and reflects 

neutrons in the reactor and protects Lhe envjponmenl against 

the effect of radiation. Dur.ing emission ot' neutr·ons fr·om 

U 235, U233 or Pu 239 nuclei, these parti c I es ar-e scattered 

in all directions. Graphi Le is suitable f'op the 1•etarcL1L ion 

and reflection of neutrons because of its molecular' str·uctur·e. 

The retardation effect is important not only with re5pecL Lo 

radiation but also f'or the smooth coupse of the fissiu11 chain 

reaction. During fission of U 235 nuclei certain neutruns move 
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with substantially greater· vetucity than "ordinar·y" ones. 

These "fast neutrons" cannot be used for the f i. ssi on put·poses. 

Gr<tphi te retards them so thct t their velocity is decredsL'J. 

to the degree which is app1·ox i mill ely equa t lo the ve I uc i t y 

of thermal motion of' the 111ult:ct1les. The t'.1ssiun ct1<tin 1·t:c1ct i"n 

can be thus controlled in Lh.i.s r11anner. Ot:het'\\·ise I.hi.;:, r·•_:<tct j.,,, 

would proceed with extri101·clin;11·y t'•.tpicliLy and the L"Xp~osi"n «:--i 

in the atomic bomb would occu1· in a shur· l ti me. 

As a moderator graphite is of course not <.-.s good as he<tvy 

water but the substantially ltH\'t..·1· pr'oduction cust:s elimi11<1l1: 

this disadvantage. Graphite cunst1·uclion el:.:rnenls for tht· 

nuclear reactors must show neat· !y lUO ~l pur·j ty and i L is 

necessary to manufactul'e llh:m \\'it.h ext1·<.1u1·U.i11ary precision. 

Forming of these products l<-tkes p Lice at the pressures of Juu '.\ll'.i. 

Especially the presence or bt>r'Ull, calcium, titanittm, V<.inadiur11 

and elements of rare ea1·ths is l1<tr·rnt'ul. 

Radioactive radiation sttf>fHJl'Ls the g1·01\ Lh of g1·aph it t~ 

cr·ystals /Wigner·s effect/, \diit.:h llliglit be ddn:se1·ot1::0 1'1i1· Lile 

run of the nuclear r•eacto1· in the 1-.hoLl!. l·ur· this r·cdS•Jr·,, 

alJ gr·aphite parts of the J'Cdclur· must. IH.: cunst;ir1tly s11pe1·vi~>t'<l. 

Beside this, graphite has r·1Hu1d applicaliun in many uLhl!r· 

industrial sectors as for- exwnple in colour·ing of glass, in 

special coatin,gs,pigments, fiJlc!'s, elc. 
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VII. FINAL NOTE 

It can be said that lhe1·e is renewed inter·esl in gl'aphi te 

in our times. It is especially due to its application ir1 

nu.:-;lear techniques and as an excel lent r·cfr<-:ctur·y 111ate1·i :1!. t !1ilt 

graphite has gained wor•ld wide aLt:r·acLiveness. It is tr·ue U1<t1 

many products can bP. made fr·om a1·lit'icial for·rns of g1·aphiLe 

buL nntural flake graphite ll<is sLill llk1inLair1ed iLs i111pu1·td11t 

position among the family ot· v;r·aphite t'Ll\\' mater·i.aJs. Un!y 

coarse flakes lend the graphi lt~ ~uod rnoul ding prorer·t:y <.11Hl 

outstanding thermal endu r·anl' e. 

Moreover, graphitizat.iur1 ur· ;u11ur·ptiuus ~sr·<rpllit~·s is a 

ve r·y expensive process. \l<tny u t' t he u ! d tkpos i ls hav~ h1 ,1,11 

gr•<idually exhausted. The c!<tssic<.1! SOlll'CCS ur 11altt!'i11 :<-tr'il!Jt1i,., 

in Austria, German Federal !lcp•t!>I ic, \IL:x.ico, '\.1;1d<1.<J;:iscd1', 1:1·ylu11, 

No1·way, USSR, China will not be pr·•>hably capable Lo s;-1ti~;t'y 

the growing demand in the rlt:<H' futllt·e. For· this r·ei!'.:j011 L11e ::st·L11·c!1 

1'01· new deposjts or nalu!'al .l'.r"<tnl1ite sho11!d be urie of p1·im;11·y 

economic inter-es ts of each c111t11t. 1·y. 
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