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A functional speciation and mobility of Pb and Cdflinash from co-combustion of coal and
biomass (50 % coal : 50% mixture of sunflower gglleood chips and straw briquette) were determined
by sequential extraction and FAAS methods. Frastmfnmetals: soluble in water and exchangeable,
soluble in acid (pH 5), oxide, pseudosulfide arglcdee were characterized. Total contents of metals
in ash amount 2.2 (Pb) and 0.3 (Cd) mg-kdhe mobile fractions of metals possible to leaghin
environmental conditions amount 27 % (Pb) and 6(C#) of them total content in ash.

Key words:industrial ash from co-combustion of coal and bissndead, cadmium, sequential
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The perspective of exhaustion the natural resountdsssil fuels character (coals,
peat, petroleum, natural gas) as well as damagedupe in environment through using
them cause, that the alternative to fossil fuelicvlare the renewable sources of energy is
researching. In Poland for the most promising sewt renewable energy became the
biomass. Biomass can be combustion directly, ortli@r sake of minimum content of
mineral part and the sulphur (properly to 1 % arid @) it can enrich the coal, which has
considerably worse parameters with point of viewhef environmental protection [1].

Considerable quantities of solid waste which ang dkhes arise during co-
combustion of coal with biomass. It is new grouptlee industrial waste at unstable
composition and properties, difficult to forecantladlependent on the kind and the amount
of added biomass. Heavy and toxic metals amongr®tRé, Cd, Ni, Zn, Hg and Cr
contained in ashes during the transport, dispasahg or processing can be released and
penetrate to the environment Physicochemical ptigseand chemical composition of
ashes from co-combustion are directly connected widividual properties of combusted
component of blend and conditions of combustioronirthis reason ashes from co-
combustion differ from coal ashes with proprietiasd composition. However main
differences concern the composition of ash andmsequence his application [2].

The production of waste in Poland reaches 111.1 Mdnannually, in amongst
which the waste from thermal processes (ashes)tittdas0.323 min Mg [3]. Much
quantities of disposal and directly use of ashesstitnte the potential source of mobile
metals. An evaluation of contents of heavy metalashes coming from co-combustion of
coal and biomass and their chemical factions captbimigration is subject to a special
control.

The ability of metal to the migration from ash toaters and the soil in
environmental conditions is determined as mobilapd the quantitative evaluation of
migration state the degree of mobility of metalveFisteps Tessier's method is the
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sequential extraction procedure which giving theleviange about fractions of metal in
environmental samples [4], this method was modif@dnvestigation metals in industrial
ashes [5]. Functional speciation and mobility oféidl Cd in fly ash from co-combustion of
coal and biomass (50 % coal : 50 % mixture of suvel pellets, wood chips and straw
briquette) were determined by sequential extracioth FAAS methods. Fractions of metals:
soluble in water and exchangeable, soluble in gufitl5), oxide, pseudosulfide and residue
were characterized. Results of analyses of the idaérmactions of metals were verified
with the total content of metals in ash.

The fly ash from co-combustion of coal and biom@gsmposition: 50 % coal and
50 % mixture of sunflower pellets, wood chips atrdw briquette) from the power station
“Stalowa Wola S.A.” (Poland) was investigated. Hanples were collected according to
norm BN-81/0623-01. Researches were carried o {haeallel samples. The sample of fly
ash which was used in experiments was first brotmlair-dried condition (in laboratory
the ash was air-dried at ambient temperature far tweeks), then ground to a grain
diameter ofp,s,< 0.25 mm.

Fractionation of samples was conducted by 5 stegsi@r's sequential extraction in
conditions optimized for the Cr extraction from a§h, 5]. Parallel an one-stage
mineralization of ash was carried out for deterrditiee “close to total” content of Pb and
Cd [6]. Conditions of investigation were shown iable 1.

Concentrations of Pb and Cd in eluates after etitracand mineralization were
determined by FAAS methody, = 217.0 nm (Pb) A = 228.8 nm (Cd). Results were
corrected for the blank tests and converting intiryamass of ash. An atomic absorption
spectrometer PERKIN ELMER, model 3100 and analiitigaure reagents were used in
investigation. For obtained analytical resuhis=(3) the confidence interval was calculated
from thet-distribution = 95 %).

Table 1
Conditions of the sequential extraction
Fraction Extractant
Soluble in water and _
F1 exchangeable (0.5 M) MgCh, pH 7,T=25C
F2 Soluble in acid CH;COOH/ CHCOONa, pH 7T = 25°C
F3 Oxide (0,04 M) NH,OHIHCI w (25 %) CHCOOH, pH 1.8,T = 96°C
i a) (30 %) HO,, pH 2,T=85°C
F4 Pseudosuliide b) (3.2 M) CHCOONH, w (20 %) HNQ, T = 25°C
F5 Residue HCIO,: HNO; (1:2), pH << 1T =90 C
Mineralization HCIO,: HNO; (1:2), pH << 1T =90°C

Total content and “close to total” content of Pbdad. Total contents of Pb and
Cd in ash were determined as the sum of metal nbmteindividual stage of chemical
fractions. Total contents of Pb and Cd for ash fromacombustion coal and biomass
amount 2.2+ 0.11 mgkg™ (Pb) and 0.3 0.02 mgkg™ (Cd) (Table 2).

Content “close to total” (metal release to solutwithout his forms content mainly
in silicates) was determined by one step miner@dinaof ash by extractant NH{MHCIO,.
Content “close to total” of Pb and Cd for ash fromacombustion coal and biomass amount
1.9+ 0.10 mgkg™ (Pb) and 0.2 0.01 mgkg™ (Cd) (Table 2). Quantity of release metal Pb
and Cd as contents “close to total” are companaftitetheir total contents in investigated ash.
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Table 2
Contents of Pb and Cd in ash from co-combustioroaf and biomass
FRACTION ash from co-combustion of coal and biomass
Pb, [mgkg] | Cd, [mgkg7]
F1 d. |l d. I
F2 0.6+ 0.03 0.2+ 0.01
F3 0.2+ 0.01 d. I
F4 d. |l d. I
F5 1.4+0.07 0.1+ 0.01
5
> 22+0.11 0.3+ 0.02
i=1
Mineralization 1.9+0.10 0.2+ 0.01

d. |. — detection limit

Obtained results shown on considerably higher condé Pb than the Cd in ash
from co-combustion coal with biomass.

Functional speciation of Pb and C@hemical fractions of Pb and Cd in ash by 5
step sequential extraction were determined. THeviahg orders of Pb and Cd in studied
fractions were found:; (i) Pb: residue (1.4 ®ug") < soluble in acid (0.6 nikg™) < oxide
(0.2 mgRkg™) << soluble in water and exchangeable, pseudasulfi.l.); (i) Cd: soluble in
acid (0.2 m@g™) < residue (0.1 mBg™) < < soluble in water and exchangeable, oxide,
pseudosulfide (d. I.).

Obtained results shown on considerably higher eomEPb in soluble in acid, oxide
and residue fractions of ash in relation to contéid in appropriate chemical fractions.

Mobility of metalsThe mobile fractions (soluble in water and exchaige, soluble
in acid) of Pb and Cd in investigated ash and thigility to migration were determined (see
Figure). The mobile fractions of metals possibldeaching in environmental conditions
amount 27 % (Pb) and 6.7 % (Cd) of them total cainiteash.

Pb o Cd o

Fa
. 0%

Fa4 0%
0%

The percentage contents of Pb and Cd in individaatibns of industrial ash from co-
combustion of coal (50 %) and biomasses (50 %pe¥yf the faction: F1 — soluble in water
and exchangeable, F2 — soluble in acid (pH 5), &8ide, F4 — pseudosulfide, F5 — residue
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So, the next conclusions can be made:
Total contents of Pb and Cd for ash from co-combuostoal (50 %) and biomass
(50 %) amount 2.2 0.11 mgkg™ (Pb) and 0.3t 0.02 mgkg™ (Cd) while contents
“close to total” of Pb and Cd for ash from co-corsiien coal and biomass amount
1.9+ 0.10 mgkg™ (Pb) and 0.2 0.01 mgkg™ (Cd) (Table 2).
Chemical fractions of Pb and Cd in ash by 5 stequestial extraction were
determined. The following orders of Pb and Cd irdi&d fractions were found; (i) Pb:
residue (1.4 miig™) < soluble in acid (0.6 nigg™) < oxide (0.2 mi&g™) << soluble
in water and exchangeable, pseudosulfide (d.i).)c@: soluble in acid (0.2 niigg™) <
residue (0.1 m§ig™) < < soluble in water and exchangeable, oxide gssulfide (d. 1.).
The mobile fractions of metals possible to leachimgnvironmental conditions amount
27 % (Pb) and 6.7 % (Cd) of them total contentim a
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®YHKIIOHAJILHI BUJIO3MIHM Pb I Cd Y TPOMHUCJIOBINI 3011 BIJ
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. KanemGkennu, Y. XMeIstK

Kewyscokuii mexnonoziynuil yHisepcumem,
eyn. Iloscmanyie Bapwasu, 6, 35-953Kewys, [lonvwya,
e-mail: kalembic@prz.edu.pl

OyHKIIOHABHI BHIO3MIHH 1 MOOUIPHICTH CBUHIIO Ta KaaMilO0 y 3071 BiJ CYMiCHOTO

cnanmroBanHs Byriwis i Giomacu (50 % Byrimis : 50 % cymiuni COHSIIHHMKY, TPICOK Ta COJIOMH Y

OpHKeTax) JOCHIIKEHO METOJaMH MociizoBHoro suiaydeHHs Ta AAC. CxapakTepu3oBaHO Taki
(bpakiii, o MiCTHIM METallK: PO3YMHHA Y BOAI, po3unHHa y kucioti (pH 5), okcua, ncesnocysbdin
Ta 3AJIMIIOK. 3aranbHHil BMicT MeTaniB y 301i cranosus 2,2 (Pb)ra 0,3 (Cd)mrxr . Pyxmusi ¢paxuii
MeTaiB, 3[aTHI 10 BHJIYrOBYBaHHS B yMOBax aoBkiusi, — 27 % (Pb)a 6,7 % (Cd)sin ixasoro
CYMapHOTO BMICTY B 30J11.

Kniouosi cnosa: mpoMuciioBa 301a BiJf CyMICHOTO CHAIOBAaHHS BYTi/UIA Ta 6ioMacH, CBUHEIb,
KaaMili, TOCTiJOBHE BIIy4eHHs, (DYHKIIOHAIbHI BUIOYTBOPEHHS, MOOLIBHICTB.
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®YHKIIAOHAJBHBIE BUJIOW3MEHEHMS Pb U Cd B TPOMBIIIJIEHHOM
30JIE OT COBMECTHOI'O CKUT'AHUA YI'JIA U BUOMACCBI
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DyHKIHOHAIBHBIC BUJIOM3MEHEHHSI 1 MOOMIBHOCTD CBHHIIA M KaIMHs B 30JIC OT COBMECTHOT'O
oxuranus yris u 6uomaccst (50 % yris : 50 %cmecH mocoHyXa, WICHOK U COJIOMBI B OpHKeTax)
HCCIIEJOBAHO METOJaMK TocnenoBareiabHoro uspiedeHus M AAC. OxapakTepu30BaHO TakKue
(bpakuuyn, copepkaliie METaUIbl: pacTBOpHMas B Boje, pacTBopumas B kuciore (pH 5), oxcuz,
nceBaoCyIb(H 1 ocTaTok. OBIIee CoAepKAHNe METaILIOB B 3071¢ pasHo 2,2 (Pb)u 0,3 (Cd)mrxr ™
IMoxBrxHBIE QPAKIUKM METAJUIOB, CIIOCOOHBIC K BBIIIEIAYMBAHHMIO B YCIOBUSX OKPYXKAIOLICH Cpelbl,

cocraBisitor 27 % (Pb) 6,7 % (Cd)ot ux cyMMapHOTo cojiepKaHus B 30J1€.

Kniouesvie cnosa. NpOMBIINUICHHAad 30J1a OT COBMCECTHOI'O CXKUTaHUA YIJIL U 6I/IOMaCCbI,
CBHHCII, KaIIMPIﬁ, nocJaea0BaTCIIbHOC U3BJICUCHUC, q)yHKHI/IOHa.IIbHLIe BHUJIOU3MCHCHUA, MOOMJIBHOCTD.
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