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Abstract: 

This reyiey describes the rnethods of preparation of carbon and carbon-mineral adsorbents by carbonization 
oS different organie materials. The methods of carbon preparation were subdiyided into rwo groups: preparation 
of sorbents on a large industrial scale, and for laboratory (chromatographic aud adsorption) purposes. It also 
demonstrates the specific properties of soma carbon adsorbents as wet! as the possibilities oi" tbeir utilization for 
the purposes of enyironmental protection (sorption of organie pollutants from water wastes) aud for aua[ytical 
purposes espeeially for gas (OC) and Iiquid (HPLC) chromatography. 

This articie also shows some possibilities (e.g. consumed catatysts, sorbents used in food aud paper industries, 
from remoyal of oi! Srom waste waters, etc.) oS preparing different, mainly carbon-mineral adsorbents. 

Keywords: carbon adsorbents, carbon-mineral adsorbents, application oS carbon adsorbents. 

Introduction 

Last year Saw a rapid increase in the degree of 
cnyironmental contamination. This relates cither to 
soil and water or to air. At present we arc in the course 
of establishing type and permissible concentration of 
harmful substances introduced to the enyironment in 
the form of combustible gases, wastes, exhaust, etc. 
Such questions as the remoyal of formed contamina-
tion or toxic pollutants released to the atmosphere or 
riyers and other aquifers raises significantly lower in-
terest. This means that the total amount of polłutants 
reteased to the enyironment remains unchanged. Spe-
ciał attention must be paid to łimiting the amount of 
połłutants released to the enyironment such as remoyal 
or eyen recoyery of chemicał compounds from wastes 
or gases before their release to the atmosphere or 
wastewater. This relates mainly to water used in tech-
nologicał processes. It says at present that some meth-
ods of rccoyery of some chemicat compounds arc un-
economical because the cxpenses of thcir recoyery 
excccds production costs. Howeyer, this does not take 
into account the fact that wastes arc rełeased to aqui-
fers from which they deriye water for consumption. 

This łcads to significant increase of the costs of 
water conditioning or eyen makes impossibłe thc puri-
fication of such water. This is connected dircctły with 
additionał costs, nameły an increase in mcdical costs 
duc to an increase in morbidity. Moreoyer, norms 
rcłated to watcr quałity do not rigorousty define the 
content of diffcrent organic substances (c.g. petrołeum 
products, phenołs, aromatic and połyaromatic com-
pounds) in water used for municipat purposcs. This is 
connected with some łimitation of monitoring these 
compounds in water duc to łack of the appropriate 
apparatus. 

One of thc most effcctiye mcthods of purification of 
water and waste consists of thc sorption of organie 
połłutants and hcayy mctałs on actiyc carbons. Prom 
an economicał yicwpoint it scems that the simpłcst way 
to łower costs ofwastc purification or watcr condition-
ing may consist of repłacing cxpensiyc actiye carbons 
(the cost of filung one fiłter is ca $ 100,000). Carbosiłs 
or similar carbon-minerał adsorbents fułfił alł the 
aboye requiremcnts and may be utilized for thesc pur-
poses. Such adsorbcnts haye some specific propcrty, 
i.e. they combine thc elements of połar morganie sor-
bents (such as SiO,, Al,03, etc.) and those ofnori-polar 
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carbons and in this connection they show an ability to 
thc sorption of different organic substances as wcil as 
of cations and morganie substances. Moreoyer, the 
carbon and minera! cornponcnts of such adsorbents 
arc permancntly connected by adhesion - chemisorp-
tion bonds and oing to these adsorbents show good 
mechanical properties, arc more hard than typical ac-
tiye carbons and the carbon component is buRt in 
pcrmancntly in mineral matrices, thcreforc difficult to 
mechanically remoye from sorbent surface. 

Preparation of Carbon and Carbon-Mineral 
Adsorbents and Their Utilization in Practice 

Carbosils arc intercsting matcrials because of thcir 
industrial applications. Thc possibilities of utilizing 
actiye carbons arc limited because thcy adsorb mainly 
hydrophobic substances (hydrocarbons and thcir non-
polar deriyatiyes) and morcoyer, they arc charac-
terized by poor mechanical properties and combusti-
bility. In contrast, complex adsorbcnts posscss complcx 
sorption properties, arc mcchanically stable and arc 
characterized by a highcr ignition temperaturc. 

One of thc first attempts to prepare a complcx 
carbon mineral adsorbent was made by Shiloy and 
Dubinin [1], who saturated birch shayings with 
glasswater treated with saturated ZnC12solution 
heated to obtain a gel, then carburing its organie com-
ponents at an eleyated temperature. Thcy stated that 
sorbents prepared in this way show bctter adsorption 
ability in comparison to indiyidual adsorbcnts, assum-
ing the additiyc properties of complcx adsorbcnts. 

Differcnt mcthods of prcparation of carbon-silica 
adsorbcnts by incorporation of carbon or carbon black 
particles arc dcscribcd in a monograph of Ncimark, et 
al. [2]. 

Another paper [3] describcs the methods of prepa-
ration of carbon-silica adsorbcnts consisting in disso-
lution of saceharose in hydrochloride acid and thcn 
mixing this solution with silica acid solution. After 
coagulation of the zol and its transformation to gcl thc 
!attcr was heated in conditions permitting carboniza-
tion of the sugar. 

Complex adsorbents werc prepared by means of 
similar techniques in which such matcrials as pcat, 
filtration papcr or fincly diyidcd carbon werc used as 
starting matcrials [4-6]. By means of thcsc mcthods it 
can obtain the complcx adsorbcnts containing any 
among carbon and usua!ly characterizcd by bcttcr ad-
sorption propcrtics than each indiyidual coniponent 
separateły. 

It has also obtamned thc adsorbcnts being the mix-
tures of hydrophilic alumina geJ and hydrophobic car-
bon. Such adsorbcnts may be obtaincd by impregna-
tion of trcc shayings with aluminum salts following 
carbonization at high temperatures. Another version 
of this method consists of introducing fincly diyidcd 

carbon to alumina gcl suspcnsion. To a yigorously 
mixcd solution of aluminum salt, finely diyidcd carbon 
is added and then such mixture is heated with continu-
ous stirring and ammonia solution is added. This leads 
to precipitation of aluminum hydroxide, which adsorbs 
diyided carbon particies. Thc formed precipitate is 
filtrated, diyided and washed in order to remoyc salt 
and hydroxide residues and finally dchydrated, which 
!cads to solid adsorbent. 

Yermolenko, ct al. [8] prepared so-called titanium 
carbons by saturation of charcoals with titanium tetra-
chloridc followcd by hydrolysis with steam and cacina-
tion at an elcyatcd temperature. Complex carbon-min-
eral adsorbents wcrc obtaincd also by pyrolysis, or 
chcmical bonding of organie substances to the surfacc 
of mincral sorbent (SiO2, A1203, etc.) in the ncxt stage 
of this process these substanccs undcrwcnt carboniza-
tion. Such a mcthod of preparing complex carbon-min-
era! adsorbcnts is widely deseribed in !iterature. Thc 
propcrtics of such sorbents depend largely on thc 
chemical nature of the matrix, its porous structurc, and 
the nature of carbonizcd substanccs as wcll as on the 
conditions of the process. Thcrcforc, this mcthod cre-
atcs thc possibilitics of prcparation of carbon adsor-
bcnts of yery differentiated surfacc propcrties. The 
sclection of thc type of carbonizcd substancc as wcll as 
the modc of rcalization of pyrolysis process depend on 
thc dcstination of complcx adsorbent. If the fina! prod-
uct is destincd to technical applications, e.g. as a cata-
lyst, plastic filler or the bed for purification of gases and 
liquids (wherc ycry largc amounts of adsorbent arc 
nceded), then the starting materials must be chcap and 
casily ayailable and the tcchnological process must be 
performed in rc!atiycly simple conditions and not yery 
strenuous for thc cnyironment. In the case of more 
subtic destination (e.g. for chromatography, isolation 
and conccntration of trace amounts of thc compounds) 
whcrc smali amounts of adsorbents of strictly defincd 
surface properties arc uscd (the aboyc elements arc 
less significant), but in this case there appears the 
problem of reproducibility of prcparcd sorbents, their 
cncrgetical homogeneity and appropriatc chemical 
and physical structurc of carbon deposits. For the 
aboyc reasons significantly two diffcrcnt areas of 
preparation of complcx adsorbents must be distin-
guished, i.e. for technieal (mainly for purification of 
watcr) and for analytical purposcs prcparation ofcom-
plex adsorbcnts on technical scale. This problem is 
so!ycd in two ways. First, in utilization of mincral 
adsorbcnts (or catalysts) consumed in diffcrcnt proc-
esscs of purification during which diffcrcnt substanccs 
of organie origin dcposited on thc surface of such 
adsorbent (or catalyst) arc able to form carbon sub-
stanccs during the thermal trcatmcnt of such matcrials. 
Food, pulp and papcr, petrochemical and othcr indus-
trics rcpresent potcntial sources of raw materials to 
production of carbon-mincral adsorbents. Thc sccond 
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method consists of the spread ot appropriate substance 
on minerał sorbent foiłowed by thermał or chemical 
carbonization. 

For exampłe, the technołogy of purifyingwines and 
juices traditionałly uses bentonite cłays. In beds of 
consumed bentonite there arc peptides, pectines, tan-
nins, dyes, sugar, organic acids, etc. The content of 
these substances attains 15-20 % w/w. After appropri-
ale thermał treatment of such consumed clay it can 
obtain the complex carbon-mineral adsorbents, which 
may be utiłized in water purification technołogy [9,101. 
Simitarly, in the food industry utiłization of cłay sar-
bents to puri" łiquid confectionery seems to be yery 
promising [11]. In a cited paper the actiyated Patygor-
skite was used for these purposes. After łong-time 
expłoitation of this sorbent there remained on its sur-
face the residues of saccharose, the product of its 
caramełization as wełi as metamine and other sub-
stances capable of carbonization. 

Another paper [12] demonstrates the possibiłities of 
utiłizing scania bentonite consumed in the process of 
purification of cane sugar sołution. This utiłization 
consists of heating bentonite at 500°C. In this way there 
was obtained the micro porous carbon-minerał adsorb-
ent characterized by the folłowing parameters: specific 
surfaceareaS = 130m7/g, totałporeyołume yp= 0.10 
cm/g, predominant pore radius R = 2 - 3 nm. 

As mentioned aboye, same by-products of the pułp 
and paper industry may be utiłized to produce carbon-
minera! adsorbents. This is connected frequentły widi 
the probłems of enyironmcntał protection. For exam-
pIc, Bi!iteysky [13] bas shown that thc utiłization of 
precipitates contained in waste-water of pułp and pa-
per industry in order to prepare of porous carbonizates 
is reasonabłe from an economicał yiewpoint. The car-
bonizates prepared in this way were characterized by 
high sorption capacity (-65% sorption per sorbent 
mass unit) at relatiyeły bw specific surface area. In the 
pułp and paper industry strongly dispersed cełłułose 
fibres pass through the wires of paper producing ma-
chines and then to waste-water fromwhich arc isołated 
by means of different chemico-cołłoidał methods in-
cłuding these in which bentonite ctays arc used. By 
thermał treatment of mechanicałty mixed cełłułose fi-
bres and bentonite it can obtain a yery effectiye mixed 
sorbent. The tack of chemicał bonds between the par-
tictes of cełłułose fibres and cłay limits the possibilities 
of obtaining granułated materiał. In this connection in 
order to obtain actiye carbonizates it recommends 
adding ca. 20% of minerał impurities (e.g. perłite) and 
chemical actiyator (e.g. ZnCł,) to solid wastes of paper 
industry before carbonization. 

There arc many papers rełating to the preparation 
ofcompłcx sorbents on the basis of actiye cłay occuring 
in great amounts in many parts of the worłd, incłuding 
Połand. Such trends appear to be yery promising be-
cause they make possibłe a complex sołution of thc 

probłem of purification and utitization of the precipi-
tates contained in wastewaters. Strielenko and 
Tarasewicz [19] haye utiłized a properly conditioned 
mass of actiye cłay being a mixture of precipitates 
originating from settłing tanks of I and II degree of 
purification of wastewaters from pułp and paper fac-
tory. Starting mixture was concentrated by introduc-
tion of 10% ferrous chloride and 20% lime milk and 
thcn dehydrated Sa that its finał hydratation degrec 
was 75 - 80%. Such materiał contaius -39% of cełłu-
łase fibre, 27% of actiye cłay and 34% of minera! 
compounds. After carbonization of this mixture for 1 
hour at 600-700°C they obtained an sorbent containing 
about 45% carbon. 

Other authors [20] haye introduced not onły actiye 
carbon to cłay materiałs but also ałumina-siłica catałyst 
ar zeołite X. Law prices of carbons as wcłł as thc fact 
that these materiałs combine the adyantages of actiye 
carbons and dispersed atuminosiłicates create possi-
bilities of their utilization as thc materials improying 
the sedimentation properties of actiye cłay, because 
their packet structurc montmoriłłonitcs seem to be 
interesting materiałs. Moreoyer, it is known that głu-
cose and saccharose show an abiłity to penetrate of 
interłayer spaces of these materiałs [21]. In these 
spaces may be tocalized also other substances. Intro-
ducing łarge organic cations to interpacket spaces [23] 
changing properties of this minerał from hydrophiłic 
to hydrophobic. Simultancously, with the exchange of 
inorganic cation to organic one thc increase of inter-
packet distances in montmoriłłonites structure takes 
płace and therefore the sorption of łarge organic mole-
cules (paraffins, aromatic hydrocarbons) becames pas-
sibłe. 

Appropriate preparation of the sorbents may secure 
eyen sełectiye sorption of hydrocarbons. Such adyan-
tages haye encouraged nurnerous authors to prepare 
carbon-minerał adsorbents using montmoriłtonites. It 
is assumed that there arc the adsorbents in which 
organic substances introduced between the packcts of 
montmoriłłonite wiłi form a specific °piłłar" after car-
bonization, Such °cotumn" adsorbents shoułd contain 
slit pores separated by carbon cłusters of different 
sizes. The data presented in references [24,25] shaw, 
hoyewer, that the cokes obtained by carbonization af 
gtucose and saccharose fiłt the interpacket spaces with 
a continuous łayer, thus ełiminating thcm from adsorp-
tion processes. 

Marc promising resutts arc presented by 
Krzyżanowski and Zyla [22], who carbonized gtycoł, 
gtycerin and polymer in the montmoriltonite bed. The 
pyrołysis was pcrformed at three temperatures, i.e. 
450,500 and 600°C. As fołłows from results that of their 
inyestigations sorption properties of cłay materiałs can 
be modified choosing an appropriate actiyating com-
pound and its pyrołysis temperature. The most profit-
able changes may be obtained whcn thc actiyating 



GierakA. 

substance can penetrate the interpacket spaces form-
ing in this way 80 called interlaminar complexes and 
when this substance decomposes readily forming a 
large number of carbonaceous products. Under the 
experimental conditions used by these authors the best 
reagent fulfilling these requirements was glycerin. 

Much carlier (1979), Loeppert eta!. made efforts to 
obtain column clays with carbon ciusters localized in 
the interpacket spaces. The concept of such adsorbent 
formation consists of the creation of the complex cat-
ions with uncharged organic ligands in the silica inter-
Iayer space followed by carbonization of the obtained 
compounds at 450-550°C. In order to trap the oils 
leaking Erom ship waste the carbonized sorbent is often 
prepared on the basis ot clay [27]. The clay is dried, 
ground and saturated with yegetable oil. The oil pene-
trates the granule interior to some depth and then the 
granules are subjected to a two-step thermal treat-
ment: at 160°C for 2 h and then at 220°C until a partly 
carbonized product is obtained. Utilization of con-
sumed sorbents and other products such as consumed 
oils constitutes a yery serious economic and ecological 
problem [28,29]. 

The significance of the problem may be illustrated 
by the fact that, e.g. in the USA, the amounts of 
consumed clays being the wastes Erom different indus-
triat processes were 50,000 tons per year (in 80"s). The 
clays consumed in the processes of contact purification 
of edibte and technical oils might be thermally treated 
and the obtained carbonized and hydrophobized ad-
sorbent could be applied as an element of protectiye 
screens in slime chambers [30] or as ion-exchangers 
[31]. The method of application of bleaching earths 
consumed in the process of purification of edible oils 
[32] to be used as carbon-mineral adsorbents, e.g. in 
the processes of adsorption of dyes and surface actiye 
agents after the appropriate thermal treatment was 
patented. 

Hydrolyzed lignins [33], petroleurn asphaltenes [34] 
or the wastes formed during agriculturat product proc-
essing [35] arc also an important group of potential raw 
materials to produce carbon-minerat adsorbents. 
There is also a great interest in application of loca! raw 
materials to produce minerat-carbon adsorbents for 
enyironmentat purification. In the region of Saint 
Cross Mountains an attempt was made to use actiyated 
basait waste and clay slate for the sorption of heayy 
metats and petroteum products from natura! waters. 

Adsorbents for Laboratory Purposes 

One of the first attempts to prepare carbon-silica 
adsorbents for chromatographic purposes is presented 
in [37-39]. On the surface of hydroxylated silica gel 
tbere were chemisorbed aliphatic and aromatic alco-
hols which were then carburized. In this way there were 
obtained the complex carbon-mineral adsorbents con-

taining a few percent of carbon bonded with the silica 
surface. Such adsorbents were called carbosils [40]. In 
the initial period of inyestigations these materials were 
tested as the packings of chromatographic columns for 
gas chromatography [40] e.g. for separation ofcompo-
nents of liquefied petroleum gas as weli as for high 
performance liquid chromatography [41-44] either in 
the norma! or in the reyersed phase system. 

Carbosil packings were also tested but without suc-
cess in the polymer separation by size exclusion chro-
matography [41]. 

Because the prepared carbosils arc characterized by 
strong adsorption ability and greatly heterogenous sur-
tace the attempt was made to modify their chroma-
tographic properties by spreading different tiquid sta-
tionary phases such as DC-550 silicon oil [45] or 
polyethylene glycol on their surface [46]. The surface 
functional groups ef carbosils originating either Erom 
the silica matrix or from the carbon deposits were 
modified by means of the reaction with silanes (hexa-
methyldisilazane - I-IMDS or trimethylchlorosilane - 

TMCS) [47]. 
The papers of Bebris et al. [48,49] and Guiochon et 

al. [50,51] propose other ways of preparation of such 
adsorbents. Benzene yapors were passed oyer the sta-
tionary layer of thermally resistant silica at 850-900°C. 
In such conditions benzene dccomposcd, forming py-
rocarbon on thc surface of inorganic matrix. Coyeragc 
density of the matrix with pyrocarbon was 1.3-6.7 
mg/m. 

In the respect of adsorption characteristics carbon-
silica adsorbent prepared in this way and containing 
about 7 mg/m of carbon is comparable to the thermatty 
graphitized carbon black while in the respect of geo-
metrical and energctical homogencity it is much 
poorer. Poor adhesion of carbon spread in this way on 
the silica surf ace matces formation of a uniform modi-
fying film impossible. The surface of such carbosils is 
in fact mosaic: its properties arc intermediate between 
those of silica gel and carbon adsorbents. Complcx 
adsorbcnts obtained by these authors werc used mainly 
as the packing of the columns for HPLC for separation 
of aromatic hydrocarbons in the reyerse phase system. 

From the studies of Rudenko et al. [52] it rcsults 
that appreciable deposition of carboneous substance 
on thc silica surface during thc pyrolysis of benzene is 
obseryed at 700°C, aud in thc conditions applied by 
Bebris et at. [48] the degree of conyersion of benzcnc 
to carbon was about 20%. The references cited in 
[52] rcpresent a rich source of thc data relating to 
the mcchanisms of formation of carbon deposits 
on the adsorbent and catalyst surface from the 
substances of differcnt chemicat nature. Thc 
method proposed by Bebris eta!. [48] was used but 
without success for hardcning mechanicatly poor 
graphitizcd carbon blacks used for HPLC pur-
poses [53,54]. 
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The intermediate processes and intermediate prod-
ucts formed during the pyrolysis of a giyen compound 
can play a yery important role in the creation of car-
bosil properties. The most important processes accom-
panying pyrolysis aro: 

a) chemisorption of the chemical compounds dc-
posited on the surface of modified silica before thcir 
pyrolysis; 

b) formation of the compounds of higher molecular 
weight as a resuit of the mutual chemical reaction 
betwoen different substances sproad physically on the 
solid surface. There is usually a mixturo of different 
compounds containing functional groups and capable 
ofpolymerization. For example, atcohois reactwith the 
silanol groups or the siloxane bridges [55] of silica 
surfaces forming surface esters. The alcohois (or sur-
faco osters) dehydrated at an eleyated temperaturo 
form olofins [56], which undergo conyersion and form 
moro complex compounds. 

Tho effect of pyrolysis of yarious atcohois on the 
propertios of the obtained carbosils was inyestigated 
[37-39, 57-68]. The reactions were performed under 
static (in autoclaye [37-39, 57-63]) and dynamic condi-
tions. The latter case mado use of a rotary reactor 
constructed especiatly for these purposes [60,69]. In 
oach caso thoro were obtained tho adsorbents contain-
ing relatiyety smali quantities of deposit carbon (a fow 
% of wlw) not socuring Uw complete coyerago of tho 
sitica surface with carbon. Thorofore, a soarch for sub-
stancos which would pormit doposition of sufficient 
amounts of carbon on the silica surfaco under the 
pyrolysis moderato conditions was mado. The roason 
was also to oscapo from strong sintoring of modified 
adsorbent skeletons. 

Tho papers [67,68] doscribo carburization ofa-phc-
nylothylalcohol and p-chlorotolueno initiaily leading 
to the formation of intormodiate products (alkoxytolu-
ono with simultaneous liberation of HCl) aud then to 
carbosil containing oyer 13% carbon. Tho products of 
aromatic alcohols pyrolysis proyide in tho same condi-
tions greater amounts of carbon doposited on the silica 
surface than aliphatic alcohois containing the same 
numbor of carbon atoms. Carbosils prepared by car-
bonization of the mixture of the sarno alcohols possess 
intermediate proportios [57,60]. 

Chemisorption of atcohols on silanol (Si-OH) and 
siloxano (Si-O-Si) may occur at bw tomperaturos 
[55]. An increase in temperaturo liborates olefins, 
which can undorgo condonsation with aromatic com-
pounds, forming coke. This takes place in the case of 
pyrolysis of atiphatic and aromatic alcohols. Alkoxy-
toluorie formed during tho procoss of pyrolysis of the 
mixture of a-phenylalcohol and p-chlorotoluone is 
bondod moro strongly with tho silica surfaco than the 
starting compononts because of highor molocular 
woight. Such a stago i.o. strong adsorption, ptays a yery 
important role in the formation of greator amounts of 

coke on tho solid catatysts and promotos good adhe-
sion of the carbon deposit to tho surfaco of tho mineral 
matrix [71]. 

An oxcolient method from the yiewpoint of tho 
reaction mechanism and the consequonces resulting 
from it is described in [72]. This papor presents car-
bonization of aconaphtone on the silica surface. Tho 
characteristic foaturo of this procoss resuits from the 
fact that eyen at a bw temperaturo (-200°C) this 
substance (as woli as aconaphtyleno) undorgoes po-
lymorization, leading to formation of a substance of 
high molecular weight. These substancos intoract 
strongly with the silica surface and arc less mobile. 
Thus, a largor amount of tho substanco remains on tho 
solid surface than in tho gas phase when tho equilib-
num stato is being ostablished. For this roason a high 
degree of conyorsion of aconaphtone to carbonoous 
substances is obtained (90%) comparod to a few or 
anywhoro from ten to twonty % in tho caso of alcohol 
pyrolysis [57, 58, 67, 68, 73] doponding on the typo of 
alcohol and on carbonization conditions. Benzone and 
hexano show significantly bowor degrees of conyorsion 
[67]. 

Anothor noteworthiy roaction inciudes docomposi-
tion of mothybeno.chloride on tho surface of the mm-
oral adsorbent: 

CH2C11=C+2HC1 (1) 

This reaction was occasionally usod by Grobb [81] 
and Zoccotitlo and Liborti to coyor tho internat sur-
facos of capiltary columns with pyrolytic carbon [82]. 
Extensiyo exporimental matorial is contained in 
Gierak"s dissertation. Readiness of carboneous sub-
stance formation in tho aboyo reaction results from the 
stoichiomotry of this roaction as woli as from a high 
energy of HOl formation. Howoyor, this does not mean 
that ali chboro-doriyatiyos of organic compounds in 
which tho ratios of hydrogen to halogen equai 1: 1 (e.g. 
in tho caso of CH,Cl2) form carbon dcposits readily. 
For example, tho attempt to decompose 1,3,5-trichlo-
robenzene C6H3Ct3 on silica gel at 900°C hayo not 
beon successfui. During the inyostigations carbon-min-
oral adsorbonts of different carbon doposit contents 
(1.0-70% w/w) and differont spocific surfaco areas 40-
400 m2/g) were obtained. The prepared carbosils were 
charactorized by yery good mechanicat properties 
(high hardness aud yery good adhosion of carbon do-
posits); thoroforo, tho attompts of their use as column 
packings for HPLC were mado. Unfortunately the 
results comparabbe to those for the standard HPLC 
packings such as RP-18 or RP-8 woro not obtained. In 
order to improye structural and surface proporties of 
tho complex adsorbonts obtained by pyrolysis of 
methyieno chloride, thoy wero subjected to different 
reactions and procossos of physico-chcmical troatmcnt 
such as: 
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- hydrogen treatment or heating at an eleyated tern-
perature in the inert gas atmosphere; 

- silanization with hexamethyldisilazane HMDS and 
trichlorosilane TMCS [47]; 

- actiyation with steam at 800-900°C [85]; 
The aboye processes of modification permitted 

changes not only in structurat parameters of carbosils 
but also their hydrophilic-hydrophobic properties. 

Using the possibility of carbosils surface and struc-
tural properties, it was attempted to apply them in 
enyironmental anaysis to isolation and concentration 
of tace amounts of organie substances from water and 
alt. For these purposes the solid phase, extraction 
(SPE) method is usually applied [85-88], which permits 
enrichment with (with a good yield) trihalomethanes 
(THM), phenols and their chloro- and nitro- deriya-
tiyes. Carbosils arc also used as the packing of adsorp-
tion columns for collecting yapors of organie sub-
stances (e.g. gasoline, organie sotyents) from air by the 
thermodesorption method [85]. 

Adsorbents of the type of graphitized carbon blacks 
were and arc stul attractiye for chromatographic and 
other anatytical purposes. Thcy arc characterized by 
well defined and homogeneous topography of adsorp-
tion centers [90]. Unfortunately, they arc also charac-
terized by poor mechanical properties (fragility), 
which significantly limits their practical use and the 
graphitization process is performed at yery high tern-
peratures (-3000°C) and in an oxygen-free or reduc-
tiye atmosphere. It is eyident that any carbon-mineral 
adsorbent will not sustain the treatment in such eon-
ditions. Howeyer, Gierak etat. [91-93] haye shown that 
comptex carbon mineral adsorbents characterized by a 
highly ordered structure of carbon deposits eyen in 
yery moderate conditions (350-700°C) can be ob-
tained. In order to prepare such sorbents the process 
of catalytical decomposition of hydrocarbons on the 
metal catalyst [94] spread on the surface of silica gel 
(e.g. decomposition of n-butane on the nickel catałyst, 
remoyed after completion of the carburization proc-
ess) is used. In this way, it can deposit eyen 90% of 
carbon characterized by the graphite-like structure. 

Mechanical properties of such structures depend on 
the mechanism of carboniżation process. Carbon dc-
posits described in [91-93] are characterized by a poor 
mechanical structure but at the same time they show 
good chromatographic properties similar to those of 
graphitized carbon blacks. Using gas chromatography 
the aqueous solutions of Iight aliphatic alcohois, ke-
tones as well as the components of liquid petroleum 
gas (light aliphatic hydrocarbons) can be effectiyely 
separated on these adsorbents. 

Deposition of pyrocarbon on the residual actiye 
centers of the supports of liquid stationary phases was 
used to decrease sorption and catalytic actiyities of 
these supports [95]. Diatomaceous support Cellite 545 
was treated preliminarily with the phenol-forrnatde-

hyde solution and then, after remoyal of the sotyent, 
the substance deposited on the surface was subjected 
to pyrolysis at 1200°C in the inert atmosphere. In this 
way the support of eleyated mechanical resistance and 
inert in the adsorption processes was obtained. 

An interesting, but rather limited, method of car-
bon-mineral adsorbents preparation has been pro-
posed by Russian researchers. The method consists of 
preparing complex sorbents by chlorination of transi-
tion metal (IV-VI groups) carbides such as TiC, HfC, 
yC, NbC, TaC, Cr3C2, Mo2C, WC, W,C CaC2, SiC, etc. 
[96-100]. The possibilities of carbon deposits prepara-
tion by decomposition of carbides in the reaction with 
metał chlorides (KCl, NaCl,CaCl1, etc.) haye also been 
demonstrated by Anerican scientists [101,102]. Carb-
on adsorbents of such types may be formed as by-prod-
ucts in so called nonferrous metal metallurgy during 
the preparation of pure transition metais from their 
carbides. Therefore, the production of these sorbents 
may also be justified by economical reasons. By ther-
mal decomposition of the carbides of the aboye-men-
tioned metals at 500-1300°C, depending on the condi-
tions of the process, the carbons of graphite-like 
structure or amorphous carbons not causing X-ray 
diffraction during the roentgen diffractometric analy-
sis can be obtained [101-105]. 

Carhon adsorbents prepared in the aboye way arc 
characterized by large pore yolume and without micro-
pores [100], which is yery profitahte in the case ef 
carbon adsorbents. Of the aboye mentioned carbides 
calcium carbide [95, 101, 102], titanium carbide [97, 
100] and silicium carbide [98] arc most extensiyely 
discussed in literature. Preparation of carbon adsor-
bents (e.g. by decomposition of titanium carbide) is 
relatiyely comptex and can be presented by the follow-
ing reaction: 

TiC+2Cl2=TiCl4+ C (2) 

The aboye reactions arc performed at 500-1300°C, 
which enabes control of the obtained carbon deposits" 
structural properties. According to the authors they 
can be used as model adsorbents for adsorption of 
impurities from air and water as well as for chroma-
tographic purposes. 

Other methods of carbon adsorbents preparation 
are hased on catalytic processes. The literature on 
carbonization of catalysts and adsorbents is yery exten-
siye and will not be discussed herc in detail. The main 
question is finding a source of new materials for prepa-
ration of carbon adsorbents and their application. The 
most important ohseryation as follows from the litera-
ture is the existence of different forms of carbon dc-
posits as well as ways of their formation and possibiti-
ties of mutual transformations of different types of 
carbon depending on the external conditions and type 
ofcatalyst and raw materiał. This suggests a possibility 



Freparation of Carbon 11 

of existence of yarious types of compiex adsorbents 
differing either in physicai or in chemical properties. 
Therefore not ali adsorbents show adyantageous mor-
phology of carbon deposits. 

The tendency to form coke on metal oxides is ob-
seryed mainly for unsaturated hydrocarbons [112]. The 
method of purification of aromatic hydrocarbons from 
unsaturated impurities is based on exceptionally high 
chemical stability of the former [113-115]. The princi-
pIc of this method is based on the fact that aromatic 
hydrocarbons isolated by extraction from reforming 
catalysts and containing some amounts of unsaturated 
impurities (to 0.35%), arc passed through the bed of 
granulated aluminosilicate adsorbents (prepared on 
the basis of appropriately actiyated natural clays). 
Unsaturated hydrocarbons potymerize on the acidic 
centers and then undergo condensation, resulting in 
coke formation, while aromatic compounds (mainly 
benzene, toWene and xylenes) remain practicalły un-
changed after perculation purification. Similarly, in the 
process of purification of aromatic hydrocarbons ob-
tained in the catatytical processes of reforming and 
hydrocracking-hydrodeacrylation the adsorbents pre-
pared from natural patygorskite montmoriltonite clays 
can operate continuousty, e.g. for 1 year [116]. During 
this period oyer 8-10% w/w coke is deposited on the 
sorbent surface, which leads to its strong deactiyation. 
Although methods of thermooxidatiye regeneration of 
such sorbents exist [118], the consumed materials arc 
usually discarded at thc waste dump, and the adsorber 
is fillled agam with a new sorbent. These examples 
indicate on the one hand, the type of the substances 
which should be selected for carbonization and, on the 
other, the source of potential carbon-minerat adsor-
bents. Taking this fact into account, the Noyosibirsk 
researchers [115] haye worked out a method ofcarbon 
adsorbents preparation consisting in carburization of 
aluminoxide surface with the products of diyinyl pyro-
lysis. It was stated [120] that the cotce deposits mainly 
in the form of particles (3 nm) on the whole accessible 
kinetic surface of Al2°3. When the total content of 
coke is 18-22%, then 25-30% totat amount of the coke 
is locatized in the macropores of l0tcm size, 15-20% in 
the pores of 25-200 nm and 45-50% w/w - in the pores 
of C 200 nm [121]. 

Much attention has been paid [121] both to the 
methods of catalytic cracking and regeneration ofcata-
lysts, especially of those containing expensiye zeolites. 
This regeneration must be carried out in such a way 
that the catalyst will not bse its actiyity during many 
technological cyctes. For this reason, short-cycle stages 
of catalyst operation arc used, including introduction 
of special impurities capable of sulphur binding, using 
ion-cxchange resins for catatyst demetanization, etc. 
This allows us to attain stabte operational parameters 
of zeolitcs-containing catalysts during many cycles. 
1-loweyer, insufficient mechanica! resistance may 

cause, in thc circulating stream of the catalyst, spills of 
its granules of a relatiyely targe cross-section. The 
effcctiye work of a technologicat deyice is possible 
when the content of spilis in thc catalyst bed does not 
exceed 1.5%. For this reason, some part ofcarbonized 
material is directed to the separator remoying the 
catalyst spills of 1.5-2.0 mm size [122], introducing the 
new catalyst in the stream at the same time. Daily 
consumption of such catalyst amounts to 400 tons in 
the USA [116]. 

In industry less expensiye semi-synthetic sorbents 
prepared from natural silicates instead of expensiye 
zeolite containing catalysts arc used especially for thc 
cracking of hydrocarbons. Owing to this more often 
ezchange of consumed catalyst becomes profitable 
[123], because the consumed catalyst may be used 
furthcr as a carbon-mineral adsorbent. 

Seyeral sources of carbonized sorbents and catatysts 
preparation haye been indicated. Consumed catatysts 
of steam reforming of hydrocarbons, hydrogenation 
and dehydrogenation of hydrocarbons [106], hydro-
genolysis [109], rnethanolization [110]. Fisher-Troopsh 
synthesis [111, 112] as well as the catalyst consumed in 
the processcs of purification of paraffins from unsatu-
rated impurities, deep adsorption drying of propytene 
and other unsaturated hydrocarbons [124] drying the 
propylene gas arc potentiat raw materiats for carbon-mi-
neral sorbents preparation. In the bast case [128] on the 
surface of aluminosilicates, bauxites and natura! zeo-
bites arc sorbed strongty heayy fractions of condensate, 
which undergo catalytic changes during thermab regen-
eration, forming a coke bayer on the surface. This 
process is especiabby yisiblc when naturat gas contains 
some impurities of unsaturated compounds. It is cvi-
dent that the proccss of carbonization may be used 
deliberately for some purposes. Thc cxarnples of such 
apphcation arc giyen in Ref. [91-93]. The compbex 
sorbents prepared in this way may become inexpcnsiye 
fitlers of the filters used for trapping different poitut-
ants of water and air, thus to prcyent them from getting 
into the enyironment and improying its state. Compbex 
adsorbcnts seem to be inexpensiye and cffectiye sor-
bents competing with expensiye and difficult to pre-
parc actiye carbons. 

Thc sorbents prepared by carbonization of diffcrcnt 
polymers constitute a distinct group of carbon adsor-
bents. The process of preparation of such adsorbents 
usualby consists of thermab pyrotysis of chosen synthetic 
resins, sometimes especiatby prepared before carboni-
zation [129-135]. The first papers on pobymers carboni-
zation describe preparation of speciab porous carbons 
(incbuding mobecular sieyes) obtained by carburization 
of polyyinylidene chborides (PVDC) [135, 136]. This 
type of adsorbents is used for separation of stable gas 
mixturcs (e.g. CO, CO,, N,, CH4, etc.), components of 
liquificd gases, and trace amounts of different organic 
substances incbuded in water. The fact that water is 
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eluted before methane and other hydrocarbons on 
such adsorbents is used herc. 

Carburization of other polymers (espccially styrene, 
yinyl and phenyl-formaldehyde deriyatiyes) leads to 
thc formation of carbon adsorbents of gtassy structure 
(glassy carbon). Such carbons arc characterized by 
cxcellcnt mechanical properties, two-dimensional or-
dering crystallographic structurc and surface proper-
ties similar to those of graphitized carbon blacks, i.e. 
thcy show the tendency for non-specific interactions 
with most polar organic substances. Morcoyer, if the 
process is carried out under controlled conditions such 
adsorbents in a form of sphcrical particies can be 
obtained [132], which is yery useful, especially for op-
timal packing of such adsorbents in chromatographic 
and adsorption columns as weil the efficiency of cffec-
tiyity of chromatographic processes. 

In order to prepare carbon adsorbents of defined 
porous structure thc authors [134-137] used the so-cal-
ed replica technique. This technique consists of 

spreading polymers on the surface of some sorbents 
(c.g. silica sorbents of appropriate porosity) followed 
by thermal carbonization of polymers and finaily re-
moyal of silica matrix by leaking with alkali or hydro-
fiuoric acid. In this way, the carbon sorbents of glassy 
structure and strongly deyeioped porous structure 
were obtained. They haye the specific surface arca and 
chromatographic properties similar to those of the 
graphitizcd carbon blacks but better mechanical prop-
erties. They were used as thc packings of OC and 
HPLC chromatographic coiumns for separation of 
phenots, methylbenzenes, polar monofunctional dc-
riyatiyes of benzenu, amino and other compounds 
(HPLC) [135, 136]. 

Another method of polymer carbonization was used 
by Zwier and Burku [138]. Instead of high temperature 
treatment they used the electrochemical reduction of 
Teflon (polytetrafiuoroethane PTFE) by means oflith-
ium amalgamatu. In this way they obtained the carbon 
adsorbents of yery strong adsorption properties and 
high specific surface area (1400 m2/g). These adsor-
bents were subjected to different chemical modifica-
tions through surface reactions with chiorosilanes or 
Orignard reagents after preyious chlorination of the 
carbon surface. This allowed to reduce significantly 
adsorption properties of thesc sorbents and then to use 
them as FJPLC packings for separation of aromatic 
substances. 

Paper [126] presents the possibiiity of sphericai 
carbon adsorbents preparation from consumed ion-ex-
change resins. This paper describes the pyrolysis of 
cation-exchange rcsins such as DOWEX, WOFA-
TITE or ZEOLITE (containing the sulfonu group) 
which resulted in the carbon sorbents of a relatiyely 10w 
specific surface area. For this reason buforu the appli-
cation these sorbent were subjected to actiyation with 
steam at 800-900°C, sometimes using the catalysts to 

control the gasification process. This procedure aliows 
to obtain the carbon sorbents of a specific surface area 
of 1200 m2/g and porc yolume 0.75 cm3/g. These sor-
bents were used for preconcentration of yarious dis-
persed organic substances from water and air by means 
of solid-phase extraction (SPE) or thermodesorption 
method (TD). 

Bxceptionai properties of carbons prepared by car-
bonization of polymers enable their appiication in 
many fields where they cannot be repiaced by any other 
adsorbents. Sentek et al. [136] haye described the 
method of carbonization of different organic polymers 
and appiication of the obtained synthetic sphericai 
carbon adsorbents for blood hemoperfusion, i.e. sorp-
tion of the toxins directly from the patient"s biood. The 
sorbents used for such purposes must satisfy many yery 
rigorous requirements, i.e. they must be bio compatible 
with blood, haye good mechanical properties (cannot 
be dusted or crumbled), good sorption properties and 
spherical shape, because of contact with biood and 
possibihties of its coagulation on the sharp edges and 
corners of sorbent grains. Spherical carbon adsorbents 
prepared by carbonization of polymers satisfy such 
requirements. 

Conciusion 

A detailed discusion of ali methods of carbon and 
similar sorbents preparation as weH as their appiica-
tion in technoiogy and laboratories constitutes an cx-
tensiye subjcct and the author of this reyiew is aware 
that many important questions related to carbon ad-
sorbents haye been omitted. An effort has been made 
to treat these questions as extcnsiyeiy as possibie and 
for this reason this articie reports significant amounts 
(tons) of carbonized cataiysts being the industrial 
wastes or smali (grams or eyen micrograms) amounts 
used in analytical laboratories and medicine, e.g. for 
blood hemoperfusion. I haye concentrated mainly on 
the carbon application in anaiyses as weli as on enyi-
ronmental protection. 

Dr Phihp L.Walker wrote earlier about the carbon 
adsorbents that carbon is truiy an oid but new mate-
rial...". I think that this sentence is a guide for inyesti-
gations of many research workers because carbon ad-
sorbents were the first ones used by peopie. New and 
new interesting properties which maku them one of 
most universal and at the same time unique adsorbents 
arc being discoyered. I think that chemistry of carbon 
always represents a current field of inyestigation, cre-
ating possibiiities for new discoyeries. 
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