Pribulovi A, Mihok U, Micelowva M (Eofice)

The research of the production and processing of metal
subjects on the slovak settlement of Sliné Horné Zeme.

ndedieval metallurgy played a dominant role in the development of the
jerritory of Slovakia, of which the Central Slovak region was an impogtant
Liute. These medieval metnllurzy traditons contributed 1o the existence of
pany moderm metaliurgical complixes 1pday, namely in the fields of non —
ferrous metals in Banska &yiqynica and iron metallurzy i Horny Hron.

Archasological evidence strongly suggests that a sertlement existed in
{entral Slovakia, during the early Middle Ages. Along with medicval
metallurgy practices, archaeometallurgical evidence would also suggesta much
ider mesallurgy production in the Iocality of Sitno — iTja

These resulis Were ghiained by examining iron objects from the Hlawie
<efilement, which occurred it the middle Slovak fold, in the locality of Sliat —
Hornd Leme,

The settlement was in the registercd 10w of Sliat, side — Rybire. The
Jetilement was sub-divided mie o cections based on the discovery of pot-
lery anefects. The first section dates back to between the Tth and Bth century.
while the other section dates hack to berween the Sth and the first half of the
Gth century, Systematic archacological examination of seiiement arietacts
cuarted in 1979, Besides the discovery of potiery fragments and
archaeozoological clay coloured bones, which was 2 result of being mixed
with sludge and coal, iron objects and a large nurpber of slag pieces were alsi
discovered, This can be directly linked to the production and the working of
i, which included pin:;esufi.'run ore (Macelovi, 1982, p.l.l'.f-'ll'ii;h-lﬁnelmt
1954, p.320-344)

It i speculated that yarious objects diseovered by Archacological researci,
were sed in the domestic enviranment, while others for economic uses like
manefacturing. Because of the discovery of only heterogencois material mear
hese ebjects was found, it was not possible to accurately determine their UsE.
Further findings would suggest that the settlement originated from a hack-
araund of agriculiure and craftsmanship.

Archaeological nescarch wionld indicate that the nUMETOLS gmownt of skags
and the few picces of iron that were found, suagested that the manufacturing
and production of iron ook place on the setthement. However no trace of
productivity could he found, nor could the discovery of any technological
implements of SrUCTUres be found, i.e funaces for senelting purposes, or the
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smithy pl
l}'FI'IEEI Eﬁ;ﬂr IF,'IHE: seftiement with numerous source of irom o
(Mihok, Prib ¥ M _':“E Ages, bur also for the previ
i I| ulov, Frohilichova, Macelovd, in press) ous Roman, e
E,E'.rit!ul:.l:e ':fdrﬂllh;; ua!}‘sh of samples, From .[h-.-. research i
Wﬂtfudﬁ:lma“,-r MR in U.'IE' settlement of Sliaé — Hormné 7, o
i ore production once took place, It was possib l::m;
production I:-T'irun":rur t#:ﬂ was employed in the Smithy work :5!1: 3
O it t i :.: his was done with the provision of 13 nh'elj: “r’
characteristjcs Em':'r.'-'-l All ohjects excavated, showed fjects G
and therefore it is concluded that 1 ne milit
[urposes, at they were ysed for econa)
The M : .
were fmmdeii: I::? phic analysis, following the stady of struer
ik e ], T L, p"'ﬂl'll:!.ﬁ:s information sbout the method ﬂruref;, '
& metal samplo from the ondition for Mesallographic analysis, is :h];r.m::-I
ils place of origin, whi abject. It i also very impraEnt o mklt B,
a-“ L ! E.Jﬂ, “Il‘h '.m“ldc"mrﬂ.ctmw th 5 { # Hmple r LT
s W't.'ll'l.g ﬂ.Etfinnsl € entire ﬂh:lﬁ'l.‘-l and evieniual
The sumple is taken by cuti

have iregular shapes, the next 5 8. Hecause these samples are very tiny a

solidifvine resi  step is circumfusion of the . .
an m:?alli;ﬁ.ﬁ The sumple is prepared for analysis by mﬂﬁﬁ “":D a5 K
wils viewed undm_p:p:r mn;l by polishing with & dismond paste lE:‘hlhn: o

metallgraphi ; / sle, sirfice
rnus_lﬂ_i;d I[mu-rnnlzl,anrl:ic: i lus ions wﬂi;wfﬁx Cracks. fissures, pos
& it \ :
have 'lakm:s:::Z mﬁ:,—,mh can indicate where smithy pressure weldin

jects from PT'ﬂmhhmgrr 3};”5 o Iwrf'm'“m“ inclhesions exist in the ;g W::E.

p.73-96; Mitiok, | cal and medieval localities (Buchwald, Wi il
1. Inclusions Arsrdm' Roth, 1998, p.475-477). 4. Wivel, 1998,5

Sk of lunace slag. Furnace ;
ration i sl

nated cgnapttzl pmdm‘ft_rm"" the iron ipﬂnf wﬁ[nw; ﬂ:;f“f by Prepa.
2. Senithy u};cah: silicate matrix with wilstite dendrites ity j&s In;_:ll! elimi-
ettt farmi ”:I:}ts. By heating the semi-product or DbjEEL,Wm:T them.
taver could be inghit;'m; iy [ht. Base of the ferrous oxide. Recause th mgrﬂ

the heated surface u::l" &:y smithy operations, the scales were n:m::T:Ii e

product of this rescti object, by adding Si0), from silica sand H‘mm

surface very easily, ]:: T:":?:;u:fsllim: that could be I'Er'|||:|1,|¢|j. from bﬂ};

forming the so-called smithy inclus;!i-::m silicate, embedded info the

3, Scales, Mot ]
all scales were removed by reacting with silica oxide. Those
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it trewted came into the metal by the next smithy process.

After the ohservation and documentation of cracks and inchasions. the
petal praphic surface was archied by 2% nital. This albowed one to visualtize
fe metal structures, which were observed inder o metallogrophic optical
imicroseope. It is therefore possible to talk about smithy welding, carburisation,
hardening, rempering and normaiizatien of semi-products and objects and
s shout the intensity of the hamimering.

Results of metallographic analysis, The pictures document the results
oF the metaliographic anatysis. On cach picture there is B sketch of the analysed
ihject and a cross section of the sarvphe, Sometimes the photograph bias been
enlarged, 1o show the entire surface of the sample.

Oihjectn. i - fragment of a currency bar. Metallographic anukvsis of ohject
15 in fig. 1. The sample is cross-section taken from the middle of the object.
Oy some small inclusions of the furnace slag were foumd on the non-gtehed
metallographic surface. After etching, only & non-carburized fierritic or mild
carburized fertitic-pearfitic Strugiure Was fours] on the entire swrface. |t can
be elearly seen from the phatograph, which was enhonced amd depicts the
entire surface. It is visible from the phmn-_n.mph. that half of the surface hd a

coarse grained structure, The remuining surface had a milder oriined fesrite
ar ferritic-pearline structure, with one ares inving a deformed grain (fig.1, S

From the results of the metallografic analysis, ome can determine from
the logical properties of the currency bar, that it was made by smithy hammer-
ing from the iron sponge {yield of iron smeling in a small reduction turnece}
without any further treatment Carburization of this semi-product wiss dome in
a smithy workshop before 1t was uzed,

Ohieet n.2 - fragment of knific with edge part. Metallogriphic analyses of
object n. 2 is in fig.2, The sample is a cross-section {rom the middle of the
object. Smithy inclusions were found along with the remnants of scales on the
non-ctched surface. After etching. it was yisible from the surface of the samiple
that the surface consisted of three spetions, A non-carburized strugture wits
found on part of the surface. On the section, which is marked by a deep diashed
line, & carburized pearlile SLMUCILIE Wik found. Also & welded cutting-edge,
which was prepared from the deeply carburized iron, wis foumd, The ferritic
structire is visible from (fig 2. 1), transformation of fervitic to pearlite strscturs
on fig.2, 2 and carburized tip is on fig2, 3. The ferritic structure has a mild
grain only on the rim, opposite to where the Hp coarse grain was: Between the
ferritic and pearfitic strudture, & boundary 15 evident, indicating thal twio seni-
products with difterent carhon contents were welded together. The segreqated
cementite necdles in the pearlite structure pives evidence about the deeply

carburised bip,
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From the metallographic analysis, one can see that the welding of
semi-products was used in the production of the axhject (o was non carburiz
the other, carburized). A very hard carburized knife-edge was welded w the
place where the carburized semi-product meets the border. The describing
technology that was used in the production of the knife wis excellent. Non.
carburized, course-grained iron material was used in the body of the knifk,
giving it sufficiem durability, while 2 hard carburized iron was used in
knife-edge. Welding of the knife-edge from deeply carburized iron made thiis.

Objest n.3 - round fragment with thom, The metallographic analysis o

abject n.3 isin fig.3. The sample is a cross-section from the thicker part of the
fragment. The smithy inclusions, which were ordered into bands by weldi
were observed on the non-eiching surface. Afier elching, a mmse-glﬂlﬁ
non-carburised ferritic struciure was discovered on the lirger part of the surface,
In the place marked by  dashed line, the deeply carburized pearlitic structurg
wits ohserved. Between it and the ferritic CORTSE-Ein structure, was 4 mild
grained pearlitic—ferritic and ferntic—peariitic structure, crossing studdenty into
4 coarse-grained ferritic structure, The distribution of structures js shown on
the enhanced pacture, detail (fg.3, 1),

The sudden change of grain structuse supgests that two semi-products
weere used, in the production of the object. The carburization of the fine-grained
pant could have been made before the welding of the semi- product. Bur we
canned exclude the fact that carburisation took place after hammenng. Because
there is evidence at our disposal, describing the function of this ohject, it iz
not possible 1o determine the serviceability and suitbility of the type aof
production technology used,

Object n.4 — fragment of a nail. The melillographic analysis of
Fragment of nail is in fig.4, The sample is a cross-section taken from the

pointed end of a fragment. Smaller crushed silicate smithy inclusions on
the metallographic surface before etching, were found, A frer eiching, there
was very homogenous fine-grained pearliic—ferritic structure, with a very
low rate of pearlite on the entire surfice. A high homogeneity of structure
is clearly visible from the pholograph, which was taken by a small
enhancement and which covers the entire surface of the cut. A more detail
view of the structure is in fig.4, 1. The globularization of ferrite is possible
Lo observe from a bigger enhancement ifig.4, 2); which shows treatment
hy annealing.
The metallographic analysis shows the exact mode that ok place for the
production of mails. The iron material was very mild but equally carburized
and was also welded equally. Non-carburized or very mild carburized iron
material was very suitable for the prodduction of neils. The demanding
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preparstion of matersal required for the production of nails was above the
mluﬁq Et:ﬁidﬁnmd fragment. The metallographic analysis D_l'uhj“:-“‘r;ri
i fi j::'ﬂw sample wis taken from a cmﬁs-q:l;m'mlt'mm the middle idl.m

:a:mlsﬂ .-Thn: small distributed smithy 3.;'_Iime 1m!unm1:5$;ulmwiﬁc EE

ihw: entire surfoce, After :tnhing.ﬂﬁnu—g'mnﬂldlnun-m:h;lc s

ot entire surface was observed. IUis clearly visible f:m : ].::Im i I,ﬂmm
represents the entire surface of the cut by o amall enhoncerment. :

e mm::;gﬁlﬂth: metallographic analysis, one can sec mmﬂﬁ?hgu::_

; 1'r';m:-.:um::l from tough non-carburized iron material. I_'lmuse the kl_ndh-:
::T?iigt is not specified, it is not possible to deteﬂl-nin: which type of suitable

. i i its production. ]
uun-g;?lﬁ ﬁﬂﬂﬁkﬁﬁgﬁgimt], The metallographic m}yﬂa:

W a hm-:f:"rs 1'I|1. fig.6. The sample is a cross section 1ahr:|j Ih:@ the lfﬁ;;n o
LI'raqtrn.-:nL By ohserving the metallographic surfiace, 4 h1gh5mta:mﬂl e
furnace slag and smithy inclusions were ohserved mdn. lh:-wﬁw ko

.qures of pon-carburized iron material were observed on r., -

::L"nl-'n The coarse-grained structure was found on one partu:l‘thr: 5:; ?::-];.;
i vilsiEi: in fig.6, 1. In the middle of the surﬁu.e. ﬂm_mrseagm_:;m o
wi twinning was found, which is indicated in fig. &, I'. i e
ﬁl;ﬂcﬁn, which consisted of mild and coarse grains, was found on

ini fig6, 3. .

mm;:;?ﬁ ﬁ;ﬁ:ﬁ: ::r::l:lriu:.rgphic analysis, one can see thiast mei:llfjti
was produced from non-carburized ferritic iron, af least in L'rr& part, wh fn::n:L

hF-Eﬂd of the fragment. The use of non-carburized m.i!ll-l.’:-l'tﬂﬂ was nof

.I;tutt :1: canmnol say that no carburized material was usrnl in the ;Jdmbi:t, mb:cmﬁﬂdm
there was missing the tip on the smml-:d_ fragment, ghmhlcm '-'idl;.::t i
and eventually annealed.  This altu-naw-ul:- r:xp!m?ﬁtmn g]T:ﬂ:t i
oceurrence of twinning of the ferritic grains, which cou i arwmugh

by the sudden change of temperature, aficr the qimrch_ ing. ey

~carburized iron material for the body uf:heqm-:mniegm e,

. glﬁm n.7 - hlade of a knife. Metallographic an_ml:,-mn of the b

fig.7. The sample was taken from a cross-sestron of !lu: h!:::ﬁ?;hm

used for analysis was wr_-.rum*n}dedandt!w razlnr_:ﬁdt;f;ng umlhmﬁng

hmmmﬂ:ﬂnme;ﬁmhﬂwm “h@zzidhc:. A small s:nhanuo.jmenl

D hies which with one another, depicts the etched specimen.

?:;;wmllsi'm:]::l;;:ﬁthc nofi-carburized ferritic and mihi?jl‘lhw;:nﬁz:td

pearlitic—fermitic structures were observed on the larger part of the X
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This could only be seen on the right hand side of the metallographic surface,
were the blade is tied up and more carburized pearlitic—ferritic structures m;
found. Om the left side of the surface, on the back of the knife, the coarse:
grained flhrrin-: structure was observed (fg.7, 1) On a large part of the surface,
the pearlitic—ferritic struciure, where the middie m:u_m-sl.--gr.ujr:u:.ﬂ.lmsﬂﬁ|'u,1;n|a"im'5E
ah:n!me {fig.7, 2). On the right hand part of the surface, fine-grained ptarirm-
gqi::::uv:mnmres are joined on the carburized pearlitic—ferritic structure (fig, 7,
_ From the resuilts of the metallographic analysis, one can :
of production employed for the manufachere ni‘rnﬂm kniffie, wﬁtswﬁ: mﬂﬂ::;::-
back and in the body of the knife, non-carburized tough iren nmh.:r-ial WHS
used. In part of the edge, a carburized and harder malerial was found, If i
::::pli.rmﬂu.m which was absent on the fragment, that deeply carburized
ial was used, the remnants o i i rbamisuti
gty ts of which indicated deep ¢ ot on the
Ohject n_.S = rim. The metallographic analysis of the rim is on fig.B
a_"l Eross section sample was taken of the rim. Only some small mit;q:
inclusions were observed on the non-etched surfiace, Afler etching, only
curhun_zmi forritic structures with relatively fine graing were found on
the -_:;_nw: surface of the cut. On detail fig &, |, specific formations of the
fernitic structure are visible. These formations were studied on a different
sumple and they will be explained later, The most suitable material for
the rim_v-u.; both a soft and & tough iron based material,

_ﬂ_bjtﬂ[ n.9 — nail with the head. The metallographic analysis of sample
rL':'-'_ 15 in fig.9. The sample is a cross-section of a nail bolt, Only some small
smithy inclusions were found on the non-etched metallographic surfiace, The
whole surfuce of the sample is visible on the figure by a small rnhmme:nt A
very hmwmmﬂmm pearlitic-fermtic structure was found, ".ﬂ‘l'tll.'h
is visthle on tig.9, | and by larger enhancement on the fig.9, 2. 1t iz ahachilely
the mmmw that was found on the nail, sample n.4. The nail with the
exceplion of a slight carburization was treated in the same mode, so that it
was annealed and cavsed the globularisation of ferritic structure. On the basis
EI:;H mmllngra;:hil.‘l analysis, we can say that the production technology
- uu;:i:m-_-,- demanding and over-standard for an ohject of mass consumpion,

Ohject n. 10 - the half of horseshoe, The metallogcophic analvsi
sample n.10 is in the fg. 10. The sample is a urms-:-:'::i;f taken f:ﬁ:lsu;}:
end gl‘lh-.-, fragment of a horseshoe. On the metatlographic surface before
ctching had taken place, some smithy inclusions, but essentially more
remnants of scales and smithy wastes were found. The condition of the
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metallographic surface afier etching is recorded n three photographs,
which were taken by small enlargement, covering the entire surface of
the cut. A very interested distnbution of structures 1s niticeable in rthe
photograghs. The structure shows that the object contains layers of iron
with various properties. The formation of this structure is by Piaskowks
1955, p.157-167, 169-178, 265-271) due to the diffusion of phosphorns
i high phosphorus irons on the border of the ferritic grains, which
(ollowed carburisation. That structure is depicted on figures 10, 1 amd L,
7 The mechanism in question is supported by the presence of iron
Aliesphates in ferritic grains, which is clearly visible in the both figures.
Metallographic analysis shows that the horseshos was not mude from Loo
iisch carburized iron material. The material was suitable for the production
ol harseshoes. In another anatvsis of horseshoes from the medieval era, it was
fiscoversd that in many cases, only non-carburized iron was used fosr the
production of horseshoes,
Oibject n. 11 —square punch. Metatiographic analysis of a square punch
i in fig.11. The sample is o cross-section, not from the peak, but from the
apposite end of the square punch. Only small quantities of smithy
inclusions were found on the non-ciched metallographic surface. The
mietallographic surface after etching is in the photograph, which was taken
by & small enhancer. The photograph covers the entire surface of the cut.
From the photograph it is clear that object consisted of two semi-products.
One of them contamed course-grained fermiic non-carburized struciure,
while the other, middle carburized fine-grained pearlitic—ferritic structures.
The carburized semi-product covered the larger surface of the object, The
houndary between both structures and also between the twa semi-products
is in fig.11, 1. The boundary was very clear and was flunged by smithy
inclusions,

The use of middle carburized semi-products in the top part of squure
punch shows that blacksmiths paid great attention o the production of this
type of object. The use of deeply carburization i the portion of the tip cannot
b excluded.

Ohject n.12 ~ the head of a nail. Metallographic analysis of object
i 12 i in fig. 12, The sample is a cross-section of the head of a nail. Higher
rates of smithy and furnace mclusions were found on the non-etched
metallographic specimen, After etching, only the ferritic structure with
middle sire grains were observed in the enlire croms-section, This strwclure
was covered by stick formations, which were in the bands, in somie places.

The compositien of structures by small enhancements is in fig.12, 1 and
19 7 and in detail in fig.12, 3. Because of the presence of stick formations
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and the unknown identity and anafogy of the authors, the samples were
analysed by an energy dispersion eleciron microscopy. This was done on

the premise that there would be plenty of phosphorus. The analysis did
not eonfirm a high content of phosphorus, or the presence of any other

elements. [t was deduced that the formations are remnants of arteficls
after etching had taken place.
The use of non-carhurized material for the head of nail was suitable and

standard for the production of these objects during the middie Ages, This
result does not correspand with the mode of production of the two nails, which

were described earlier, but in thas case it was neither analogy of shapes,
Object n, 03 = key, Matallographic analysis ofobject n, 13 is in fig. 13,
The sample is a cross-section taken from the end of the Key. On the non-
etched metallograpbne specimen, only some amithy inclusions were
observed, After etching, divided sections with two different steuctures,

were found, In this sample it is clear that the use of two iron products in

the production of the key was used. [t was probably the welding of two
irom sticks for the production of the key, The boundary-line of these two
structures is clearly visible in fig 13, 1, which was taken by a small
enhancement. The hammering of two semi-products is indicated by the
presence of a rim on the boundary-line. Both structures had a middle size
grain. They were pearlitic-ferritic that also had a different content of
pearlite. This in turm indicated that they had a different content of carbon
in the ircm. The detail of the structure of these low carburized semi-
products is indicated in fig 13, 2.

[he use of iron material with the middle content higher in carbon for key
production is regarded as suitable. From the metallographic anatysis, it was
nied peessible o determine i the more carburized semi-product lead wp o the
end of the key arm or was the use of the harder iton material for the more
exposed parl of key deliberate?

Discussion of analyses results. All analysed objects had economic
characleristics. A lot of them were not dedicated o the conditions with
extremely high mechanical strain. mithy workers dedicated to the
production of objects for military use used the high hard production
technotogies, Non-carburized iron, which was prepared from the extraction
of a small mefting reduction furnace, was used very often for ohjects of
economic use and like construction material, just without the next step in
modification. This material was used for some objects in the analysed set
and its use was validated, Like in the example of the rim, where soft and
tough iron had been used, the different material could decrease the
properties of this object.
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In the cases where it was necessary to freat whale -:lh_jem or i'? prarts,
ihe smithy workers treated the iron semiproducty or finished object. In
this wiw -.d[ was increased the hardness of the surface of l:rum:I] by use l_he:
e carburized semiproduct. 1t iz necessary pomt out production of ﬁﬂ"-‘[r
where very homoganous carburized iron maﬂuriu! was used. The uf‘-:d?
this technology was not very standard, hikewise L_ht use of :md r.;:i
carburized material for the production of the horseshoe i5 0ol very 5Landab .
ino. 1t i true that in the Middle Ages the horseshoes were produced :|
welding of two layers, [t was not found the wse :}l‘qu:nct? ing ufr:arhu;:}:_
paris of abjects although the character of aulah.ra-:ud ohjects neede Ii
jechnulozy, Seme marks point out the use of quenching by the treatmen
" th;}:p;::;ctﬁn of knives documents the high erafismanship of 5n1|:h_3.-
workers and their knowledge of used material. The restits of mm'll-ngraphhlt
anilysis of ohjects from the Slavie seftlement Sliat !-!n:rrne. Zenve shows llm;
cxcellent level of craft in the settlement. By mm]:.-gml of #ets from anot
setibemments the objects with unsuitable properties, which were maalu:lc by nu:
right technology, were foumid very often. All ohjects anabvzed in this researc
i ili aperties )
e Sﬂu:::zﬁ:;;nt:.plrﬁaemngical finds, which were found on finding
place Slia¢ - Homé Zeme rpoint out 1o agricultural and craftsmen
: tement,
Lhm:f:hl;r:ﬂ-.:;::f::‘:d iron ohjects and pieces of slags, wh.iuh ware c?nnm_:lml
with produsction and processing af iron on the settlernent. The m‘lgli:..-sm u':';Ln:;
objects shows the high crafismanship of smithy workers and l_heu ko ngds
of used material, what is visible in the wsed technology. which correspu
will indentson of the use of objects.
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Fig.5. Metallographic analysis of pointed fragment.
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Fig.6. Metallographic analysis L e
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Fig.9. Metallographic analysis of nail with the head.

Fig. 10. Metallographic amalysis of the half of horseshios.
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Pl
Fig-12. Metallographic: snalysis of the besd of a nail. !
.'
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Fig.13. Metallographic analysis of key.
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