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The nrchaenn{etnllurgieai analysis of the slags
from extincted blast furnace plants
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i cl:.'l:l'e alternately compressed by cams (Tylecote, 1992, 96, 07
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shiine e alf e of sulphur, P05 and Fe oxids, The Caf) content crew
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75 %, §j0 and | - 5 % Polds. The slags — waste product of the first firging of
hioom contains usaally 50 - 60 s Fel, ahout 20 % S0, and up to 0.8 %o Pk,
Ihe smithy slag is the result of the reaction of the scales with the silica sand,
ash of the charcnal and the rests of the slag in the iron. The Fe,, / FeQ raties 15
= 2 the .0, content is generally up o I % The microstructure of the smithy
<l 5 usually inhomogeneous with the “blocks™ of wistite (remmants of the
scale). The picces of the iron, senerally in the form of the corrosion products,
particles of the non-reacted silica sand and the “cell” struciure [ =trnsky
Bek 1999, 5261 ; Strinsky - Mazad - Uistohal, 1992, s 40; Stransky - Rek -
Srépan - Merta, 1995, 5 | 96: Siransky, 1997, 5.205; Strinsky - Rek - Winkler,
poui), 5.303; Ustohal - Mazac - Srpdnsky. 1989, 5520 Mihok - La Salvia -
Roth, 1998, s.4T5)

The development of the blast fumace smelting in Slovakia was hin-
dered the first of all by wars. The Turks pecupied, except for Slovakia, EEER
all territory of the Hungatian kingdom between 1526 and 16835, Slovakia
hecame the scene.of defensive wars during the period, which, with repeated
rehellicns aginst the Habsburg dynasty resulted in devastation and in de-
cline. The conservatism of the won smelting plants owners, unstable flow in
tocal water-courses and (nct, that local iron ores were more appropwiate for
bloomeries, were other lindraces for the blast furnace smelting.

The first blast furnace in Slovakia was built in Lubictovd in 1692 (1595
i Bohemia and 1674 in Poland). The hlast furnaces in Dob3indg, Revica,
Rejdova and Poniky were blowed-in in ihe first half of the L&th century,
There were 5 binst fumaces and 124 bloomeries in 1776 in Stovakia The cast

ivan smelted in blast furnaces exceeded the iron. smelted in bleomeries about
1 &30, The first coke fuelled blast fumace was hlowed-in in Likier in 1585
(Sarudvova, 1989, 5,130, 165 Pleiner, 984, 5,92, 104; Kadwan, Y63,
s 104, TEED

Mhere were 59 iron smefting plants prixhiecing fron by blast fumaces i
Stavakia. The preliminary investigation with surface collection of the slag
gpecimens was put o practice in Smidany, Zemplinske Hamre, Remetske
Harre. Osrhlie, Cervenany, Javorina, Kofice - Myslava, Gelnica and Jasov
wp o now (i [k

A1 first the pieces of slag were macroscopicaly described. The samples
were taken from the slag pieces with the help ol diamond saw curting. e
pineralogic surface wis prepared by standurd wity by dry grinding and pel-
ishinz by diamond, meisted with petrolenm. The presence of sulphide inclhu-
sions wis evaluated by Baumann test. The optic microscope NEOPHOT 32
was used for the microscopic analysis. The samples assigned for wet chemi-
cal analysis were pulverised m the vibram mill, The presence of the secand-
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ary and the trace elements were evalnted by semiquantitative spciral
55, Finally, the melting temperature, evaluated by high-temperature mi

scope Leilz- Wetzlar without protecting atmosphere and X-ray structural analys
§i5 were determined.

The chemical composition and melting temperiture of analvsed slags iy
i tabl. | and presence of secondary and trace elements in tabl, 2.

Smikany. In the period from 1803 to 1886 an iron smielting plant with'
blast fumaces, finery hearts and hammers, estabished by count Cadky, worked
in the village Smuzany (local part Mata) near Spisskd Nova Ves. There were
smelted iron ares, mined in Spis, the first of all from Gretlo Only slag picces
can be found in the place of this extincted plant in present (Sarudyovi, 1989,
5. 88),

PTOA: The charcoal-grey piece of slag with Blowholes, the dirmensions
108hx 100 x $0 mm. The polished surface is porous, grey o green with sulfidic
mclusions. The microstructure consists of glassy crystals of wollastonite, di-
opside and fassaite with blowholes and globular inclusions of iron {fig.2).

PTOB: The grey picce of slag with blowholes, the dimensions 100 x 100

x 50 mm. The polished surface is rusty — brown, The slag is practicaly without
sulfidic inclusions, The contents of sulphur is 0,07 %, it was (01 - 3 % in
Enplish slags, dated to the 1 7th — 19th centuries { Tylecote, 1992, p 1267 and
0,12 ~ 3 % in present — day blast furmace slags (Manme, 1956, €144 The
MECTostructure consists of grey glassy matrix with lighter strip — shaped par-
ticles of busmanite and Mng gCay 25i04, globular particles of iron and
blowhales can also be found (fig,3).

Conclusions: The chemical composition {the high contents of Bi0),, the
contents of Ca0 and MgO), higher than natural, show their deliberate addition
and comtents of phosphorus) are charasteristic for blast furnace alags (Stransky
—Rek, 1999, 5.261). A part of the analyzed slag containted sulphur as a result
of mineral fuel used in the reduction process. Although according literary
soalrces mineral fuel was used in Spis since the end of the 19th century, this
fact proves its occasional use in the course of the 19th century (Sarudyova,
1989, 5 42).

Gelnica. The samples were found on the bank of the Hnilec river v the
locality of extinced iron plant Matilda Huta (between 1810 - | BE0} consisted
of hlast furnace, finery hearths, hammer and rolling mill {Sarudyeva, 1989,
s.HEL

T91: The black — grey kidney — shaped piece of slag, the dimensions 50
x 30 x 50-mm. The polished surface is black. The microstucture consists of

fayalite, iron caleium olivine and ferrous glass with globular particles of fron
[fig.4}

252

o B
Conclusions: The source of the sulphur -.:nu'l_n:l bl: ?}jm |,I-|“ the :':;I::.r 1:.,-,
fie hurden. because mincral fuel was nol gsed in Spid in the I;r.;i gt e
::.I-;is.qenn_-.- :;f ironworks in Matilda Huta. The content of r;ﬂs :hclreﬁ!ning
cludes blast furnace slag. The low phaosphorus :;nltm:lhz:;mndm wiblsey
slag. The low basicity excludes cm'fv:fnpnr;g:m;!z.m i Y.
i hesmical compositon o , .
I;h.r: Etnfti:l:h?:l:% produced by Slovak fumaces. Because this lfrf:slnr
:'L:ﬂi::.was not used in Matilda Huta in_ﬂw p::rind L}fl it’s ex?m:d::ei;‘ Ge]nia.:i
? b by-product of Slovak fismaces, which r:_mylenn:y |5_mr:nhnn_ R
EZTwam the 15th and the 19Hh centuries without the nformations
|':'¢3|i5-’-1mﬁﬂﬂ- i 5 estublished by count Sataray
ké Hamre, fron smelting plant was ¢ : .
i ﬁm:nd of the 15th century, The plant consists ol I::I.'ast_ I'uma:::m ;Tf::::,;
::u;i hammers in 1828, The nails workshop was cstajhhshnd E.,-,‘Ham. g
ing th k-in-trade dated to 1867 the plant mnslsm_i of _ e i
e cqﬁmm nails workshop, three hammers, rolling mill and Eud m“:ﬁ
?;:n::-:l:. The I:rlas1 furnace extincted at the end of the [0th century, rolling
: ' vh, 1989, 5.75), _ o
" ngfﬁffng'a'nr]:::rc}- - pasiel green or biue piece of slag, the d.lrr_ﬁﬂﬁm-mz"ﬁ;;;;
50 x 30 r-n.m. The polished surface 15 porous, pastel green wi m; smﬂﬂ
inclusions. The microstructure is alassy with the ﬂﬂmt&smpiﬁ:ﬁ b
of diopside and globular imclusions of jron up to | mm wi u%raﬁﬂcm &
Conclustons: Analysed slag i3 typical waste product of ©
f'-ﬂ'l'li';-“m Jozef Rholl established iron smelting plant wit?u the h;m ﬁu:-na-cc
about 3 h.rnl from Snina (in the centre of pr:sefu -h:ay :rllsl?g; i;nglnl.nske“ké
i imed in the ea
{ n 1815 The smelted ore was mi S i
:l?:;ﬂ{:lz;nuuw, Banské, Hermanovee) or in local source. 1 hu. mi:. T—.fm; ir“
cules (today situated in courtyard of mmﬂmnsn in é&:mh “:: g
840, The hinst fumace was blown — out in |873 {Sarudyoy :
= aveky, 1976, 5.51% : . :
i-II:.ﬁ-n-lFi:IlmS1 -E"‘I'?m:hglass; grey — Teen piece of slag, the dimensions 30 x SIJIE:: jig
1 . - I
mm. The polished surface 15 povous, llg'h.'l green of hlm-Tn _'.;-::-ZL;L;: g
il'lE-I.i..E-l-IJI'IE. The microstucture is glassy with g_luhular_ nelusi e qumr_
the rest of the charcoal was found in the specimen. The pmm:,mt anui_-,.‘.si__q.
wnﬁn.smnih:. fayalite, magnetite andd hematite by X-ray struc
; determined. y _ -
Was dz.iuncmsh;n& Analysed slag 15 l:'_-:'p;r.;-]nl waf;“-[l:ngh;i:;l ;;::I:tm? D ks
i it as ex :
furnace. The slag with low meing poimn _
the result of the fact, that used iron ores were writhout sulfur
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Osrblie — Tri Vody. The company of bowrgenis from Banska B
established blast furnace plant in Csrblie, local part Tri Vody in 1795,
irom was refined in Bujakove, Prihradny family had been the owner of th
plant since 1850s. The iron ares, mined in Dobging, Bacich and Cubietayt
were smelted there, The blagt fumesce extincted in 1873 (Sarudvova, 19 0
£ 168 i

T BB: The roundish pastel blue pebbies of the slag were found in the
ereek near the blast furnace, The polished surface s mildly porous, wrguoi
colured or pastel grey-hlue without sulfidic inclusions. The friCrostuciure
homogeneous, glassy with globular inclusion of the iron (ip to 10 wm).

Conclusions: Analysed slag js typical waste product of charcoal blast.

furnace;
Jasov, The abbey in Jasov establishad iron smelting plant “Jin Baptista”
with blast fumace, finery hearths and relling mill in £ 79, The plant extincted
about 1910 (Sarudvova, 1989, 5123
T 92: The rusty - black picce of porous slag (dimensions 50 x 50 % 1K) :
min} was found on the bank of the Bodva river in the lecality of extinced iron
piant. The polished surface is black, porous with presence of sulfidic inc liy-
sions, Microstructure consists of mhomogeneous globular wiistite, the rest is
silicate matrix composed of fiyalite and iron calcium olivine and ferrous glass
{fig.6).

Conclusions: The analyscd slag is probably the wast material of roflinge
or smithy slag, because the microstruciure, contents of phosporus and iron
exclude blast fumace or refining shags

Kofice — Myslava. The iron smelting plant in Kogice,
established by company of bourgeois from Kodice (1852
the blast furnace, cupola fumace and michinery worksh
5 1(K),

P 157: The light brown piecc of porous slag {dimensions 100 % 80 x 100

mi) with pieces of charcoal was found in the Iocality of extinced iron plant.
The polished surface is brown without of sulfidic inclusions. Microstructure
consists of inhomogeneous globular wistite, the rest is silicate matriy ¢om-
posel of fayalite and iron calcium ofivine and ferrous glass,
Conclusions: The compaosition and microstructure of shag is eypical for

the waste product of iron smelting proces in the small shaft furnice, blown by
hand - powered bellows, which could be siuated (without literary sources) in
this locality before the iron smelting plant was estabilished, The slag from
spoibed smelting in the blast furnace or cupola farnace s improbable,
Sirk — Cervefany. The blast furmace of Hrlicko — tapolesdnska com-
piny was blown — in in Sirk, local part Cervedtany in 1871 It smeled fron

local part Myslava
- 1867} consisted of
op (Sarudyovd, 1989,
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tincted
r= mined in Feleanik, Sirk, Ritkos and T;:Elmiq?m blasl furnace ex
LIRS
v, 1989, 5134, Frak. LR -
: I'j't'll? I;:fﬂTnhT;:ﬂy hiack slag can he Foyuned arround rmnnmmc:wimﬂs:umdii
: F|:]11.|1c:-. e, The polished surface is darkbrown, cmth s
IILTHicms. ﬁ:: microsticiure 5 homogeneaus, glagsy wath g
INEILL: '

| ol i i blast
e né;:z;;:iufﬁ.iaiysad slag is typical wasie product of charcoa

iron
I“Fm%u _ Javorina. The noble family Horvath-Paloosay es’.a:;:lﬁ:]:n: ae
ks i ined in Smizany, Ki ocal s
!“H“ Fum;;“n:;m::;ummﬂme I:nd rolling oill w:rﬂ_"'hmh -:I::Imxgutﬁhr:
:EE:EEW The part of irom, mﬁmd;;?: came from biast fucmac
{mear SWFF_EDE:I {ﬁmﬂdﬁz ﬂ;lgu;' — black slag. pieces up to Lﬂ ::mls
: Hif ihe -pﬂl'ts;mi surface is vellow 2 green - m:&::rﬁ:;ﬂinm
B — yellow — rusty. Sulfidic inelusion were l:le i
glﬁg?'lj:hgﬁcmsrm:tm is glassy with dull needles and iron ?::hnrmal -
o Eﬂ lusions: Analysed slag is typical wsltf: product o ol
Eunw:n:-‘.m'lihe source of the sulphur BU.Idl]'d I;:Papgrh:tuﬂ;thl ;I;:ﬁzaa:?:;' el
: i | fuel was not used an o
d'?_f_‘: ﬁ::;: xlr:'::rim. The high content of Wl was ;:;';]?ﬂbi}' the resu
‘:l:. Ix!ll:rlzl':zi't-l: addivion as o flux ( Tylecote, 1992, p. 96, !

Tabl, 1: Composition of analysed iron slags.
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Tabl, 2: Presence of secondary and trace elemenis in the analysed slags,
Loty | i-100% Oo1-1% G001 O 01

F151 | emplacdks | Febig 5aTh MuInAl Co Tl
Hiree:
Tad |Remetcke |Fe Za 5i o Mg Al'Eb Co Pb | CoCu bz
Hines Tiin ¥
oA | Smifany Falin Cn & kg Al Sh IR Qe W Tiag Cu
OB |Smifny | FebdnCa kg al 8h Qe En CoTi S0 Ag T
(T4 |Jemica | Feca Al D1 i Mn Bb Fb Mg | T
In Ag
Tag | Cahblis Faeldin Al Ca SiTibkfeV Co X Qo s
FIS5 | Jmorma Fabudp S5iTi | AICeCu W £
FIST | Eohce- Fe il CrBi Cubdz MnTi W InZn
Myslwva
T92 | Jesow FeldnCa Al CuV Mg b Ti i kg Call
Ta5 | Cevefergy |Falbdn A1 Ca SiTikigV Ca Wi Cu Ay
Genernl conclusion

1. The higher effectivity of smelting process (lower content oF iron in the
slag) was observed at blast furnaces, situated in tvpical iron-smelting
regions (Smizany, Osrblie, Cervefiany).

2. The basic fluxes (Ca0d or Mg} were, besides Zemplinske Hamre,
defiberately added into burden,

3. The higher content of MnO in the slags from Javorina and SmiZany was
probably the result of its deliberate addiion for elimination of ingligible
effect of sulphur.

4. Some slags, found in the plants with various fechinologies, onginally
considered (o be blast furnace slags, were bloomery slags { Gelnica, Kojice-
Myslava) or smithy {rolling) slag (Jusov),

The archacometallurgical analysis of the slags
from extincted blast furnace planis
Perrik 1., Mihok L.

{Summary)

The object of study were slags, found in Smikany, Zemplinske Hamre,
Remetské Hamre, Qsrhlie, Cervefiany, Javorina, Kodice — Myslava, Gelnica
and Jasov at the locality of extincted iron smelting planis, dated to the 1%hh
century. The majority of them were charcoal blast furnace slags, the bloomery
slags were found in Gelnicn and Kodice < Mystiva and smithy or rolling one
in Jasov. The higher effectivity of smelting process (lower content of iron in
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fhe +lag} was observed at hlast furnaces, situated Lo typical iren-smelting
IR
s (Smidany, Ostblic and Cervefiany b
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Fig.7 - The minoralapic surface of Slag fromm Sirk - Corviim,






