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Abstract

The rescue excavations of the Virbalifinai ancient settlement have unearthed an iron production site of the middle of the first
millennium AD. Nine slag-pit type furnace bottoms with the slaggy mass in situ, pieces of iron-smelting slag, potsherds and
other finds have been excavated here. An attempt at a metallurgical interpretation of both the furnace structure and the iron
smelting process at the site is discussed in this paper. The results of a metallographic examination of crude iron clot as well
as the data from chemical analyses of the smelting slags are also presented here.

Key words: slag-pit furnace, iron smelting, crude iron, smelting slag, composition, microstructure.

Introduction

Iron-making activity in Lithuania is demonstrated by
evidence visible in archaeological investigations in
various places in the country. Archaeological excava-
tions have till now discovered the remains of about 60
iron-smelting furnaces in Lithuania. The great majority
of finds date from the second to the sixth centuries AD,
a period of relatively rapid growth in iron production
by the Baltic tribes. Fifteen of them, including the fur-
naces found in the Virbalilinai ancient settlement, are
recognized to be slag-pit type bloomeries. The main
characteristics of the slag-pit furnace remains, together
with the finder’s names, are listed in Table 1.

The slag-pit furnace was a more modern iron-smelting
device, compared with the bowl-type furnace (an open
hearth) that had been in use earlier on. An improvement

in the iron-smelting process was of great importance
in providing a society with pig iron and consequently
with iron weapons, tools and domestic implements. The
provenance of the slag-pit furnace, however, is still ob-
scure. According to Radomir Pleiner, the exactly dated
slag-pit bloomeries from Central Europe belong to La
Téne Period Culture, but their geographical distribu-
tion, reaching territories not inhabited by Celts, speaks
for their Pre-Celtic origin (Pleiner 1994).

Archaeological investigations have revealed that the
important iron-making districts in Poland also ap-
peared in the La Téne Period (Bielenin 1978). The fa-
mous iron production centres were located in the Holy
Cross Mountains. Some groupings of slag-pit furnaces
have been discovered. However, the immediate Celtic
influence in such a distant northern position, in the
Teutonic ethnic milieu, is questionable, notes Pleiner

Table 1. Slag-pit furnaces found in Lithuania

Archaeological site Date, AD  |Number of [Internal diameter |Scholar and year of site
furnaces at the slag-pit top, |investigation
revealed incm
1. Aukstadvaris hill-fort, Trakai 2m_4th ¢, 2 18-24 V.Daugudis 1960 (Daugudis
district 1960, p.9.)
2. Kerelian hill-fort, Kupiskis 2M-3 ¢, 1 ca. 35 E.Grigalavi¢iene, 1984
district (Grigalaviciené 1985, p.33ff.;
1986)
3. Kernave, Pajauta valley, Sirvintos|3-4" c. 1 28-34 A.Luchtanas 1984 (Luchtan
district 1987)
4. Kernavé, Semeniskeés settlement, |2"-39 c. 1 ca. 32 V.Usinskas and G.Karnatka 1990
Sirvintos district (Usinskas & Karnatka 1991)
5. Lazdininkai (Kalnalaukis) Before the |1 ca. 45 D.Butkus and J.Kanarskas, 2001
settlement, Kretinga district 3dc. (Butkus 2001, p.16, Fig. 31)
6. Virbalitinai ancient settlement, 45t ¢, 5 30-35 A.Zalnierius and D.Balgitinas
Kaunas district 1 ca. 55 2005 (Zalnierius 2006)
1 ca. 46
1 38-40
1 oval 26-45
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(1994). The slag-pit furnaces were spreading more
to the north, and at the beginning of the first millen-
nium AD reached the Baltic tribes. The slag-pit fur-
naces found in Lithuania are very similar to those in
the countries of Central Europe in the La Tene Period:
the Holy Cross Mountains in Poland, Podbofany in
north Bohemia, and others (Navasaitis 2003). La Téne
slag-pit furnaces were rather small: the remaining slag
blocks were of some 20 kilograms in weight (Pleiner
1994).

This paper presents a metallurgical interpretation of
the iron-smelting furnaces of the slag-pit type exca-
vated in the Virbalitinai ancient settlement. The com-
position of iron-smelting slag and the characteristics
of the small pig iron pieces found in the slag are also
discussed here.

Structure and operation of the furnace

Iron-smelting techniques in the ancient Virbalitinai set-
tlement are evident by the remains of several smelting
furnaces, metallurgical slag and structural materials
visible in the excavated site. Excavations have revealed
nine well-preserved slag-pit type furnace bottoms with
the slaggy mass in situ (Fig. 1a). An exhaustive de-
scription and pictures of the findings are presented by
Algirdas Zalnierius’ and Dainius Baléitinas’ article in
this volume. The furnaces are rather small about 30
to 40 centimetres in internal diameter with sand-clay
walls up to 20 centimetres thick at ground level. Only
two of them reach from 45 to 55 centimetres in internal
diameter, with the wall thickness being up to 30 cen-

timetres. Wall thickness has a great influence on the
smelting process. Fairly thick walls prevent the heat
from escaping from a furnace, and help to maintain the
reducing conditions necessary for the extraction of iron
from the ore. In addition, the furnace walls have to pos-
sess good refractory qualities and they must be strong
enough to avoid damage during the smelting process.

The analyses of the material used for the furnace walls
have revealed that the walls were made of a mixture
prepared of silica sand and a certain proportion of clay
(Table 2). Clay acts as a binding agent around the silica
grains, and sustains the good strength of a mix. The
composition of both the furnace walls and the smelting
slag was determined by optical emission spectroscopy,
using a DC plasma emission spectroscope, Beckman
SpectraSpan VI. Three furnace wall samples were ana-
lysed: a grey wall (sample No 14/15A), a black wall
(sample No 14/15B) and a baked red wall (sample No
14/15C). The chemical composition of the furnace
walls is shown in Table 3. It is interesting to note the
presence of pebbles and charcoal dust in a structural
blend. The high proportion of silica sand and the small
amount of clay (about 9%) in the mix, with admixtures
of pebbles and charcoal dust, indicate a deliberately
prepared structural material demonstrating high refrac-
tory qualities.

There are no indications of the full height of the furnac-
es. The site was adversely affected by agricultural ac-
tivities in recent centuries, and the furnace shafts were
badly damaged. However, the excavated fragments of
the shafts suggest that they were probably from 70 to
100 centimetres tall (Fig. 1b).

Table 2. Analyses of structural material used for the furnace walls, wt %

Characteristics Granularity Clay Total
Sieve mesh, mm |5 25 1.0 0.63 |04 0.2 0.1 0.05 The rest
L 0.63- |0.4- 0.05-

Grain size, mm |>5 25-5.0| 1.0-2.5 10 0.63 0.2-0.4 {0.1-0.2 01 <0.05 |<0.022

Content, wt %  |5.5 11.0 14.3 165 |18.0 [193 3.9 1.5 0.8 9.0 99.8
Table 3. Chemical composition of the furnace walls, wt %

Furnace |Sample : ] Charcoal
wall No. Fe,0, [SiO, |ALO, |CaO |P,O, [MnO |MgO |K,O [NaO |TiO,|BaO |Total dust*
Grey 14/15A |6.12 |74.27 [10.98 |1.06 [0.45 |0.11 |1.48 |3.88 [0.61 |0.56 |0.18 [99.69 [0.42
Black 14/15B |6.09 |71.57 [12.12 |1.30 [1.02 |0.15 |1.76 |4.25 ]0.55 |0.56 |0.08 [99.45 |0.88
Baked red |14/15 C |5.68 |71.84 |11.93 |1.37 |1.25 |0.21 |1.32 |3.91 |0.65 |0.56 [0.08 [98.80 |n.d.

* Above 100%
n.d. — not detected




Fig. 1a-b. Reconstruction of the slag-pit furnace: a remains of furnace No 7, in Virbalilinai settlement and its section;

b probable reconstruction of the furnace (after Navasaitis).

Fig. 2. Air inlet in the furnace wall (drawing by V.Trec¢iokien¢).

The surviving furnace remains reach
about 20 to 35 centimetres’ depth. The
layer of heavy burnt red clay up to five
centimetres thick on the internal sur-
face of a shaft indicates the location of
a combustion zone. In other words, it
shows the area of the hearth in a fur-
nace (see the pictures in the paper by
A. Zalnierius and D. Bal&itinas in this
volume). Unfortunately, no upper part
of the hearth has survived; merely its
lower parts are evident.

During the smelting process air was
blown through air inlets of about four
centimetres in diameter placed several
centimetres above ground level. Half
an air inlet aperture has been found
in one fragment of a furnace wall
(Fig. 2). This fragment, with both ad-
hered iron-smelting slag and the trace
of an air inlet, was found at the top of
the slag pit of furnace No 49. Unfor-
tunately, the shaft of the furnace was
destroyed and the air inlet had lost its
initial position in the furnace. Analo-
gous air inlets were documented by
K. Bielenin (1993), P.Crew (2001),
A. Espelund (1989) and others. No
trace of any tuyere has been found in
the site, however, the air inlet indicates
that the furnaces appear to have been
operated with bellows.

Each furnace was equipped with an
inclined channel leading to a slag
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pit (Fig. 1a). The channel might have
served as an air duct during the furnace
drying and preheating processes, of,
possibly, for other technological pur-
poses. In all probability, the furnaces
from Virbalitinai represent the type
known as “Kotlinka Swigtokrzyska
1. These furnaces were also equipped
with a channel leading to a slag pit and
were popular in the Holy Cross Moun-
tains in Poland in the Romano-Barbar-
ian Period (Bielenin, Woyda 1978).
All the channels were found filled up
with dark earth containing small pieces
of slag. Most probably, the channels

were filled prior to the ore smelting.
The same earth was also found in the
furnace bottoms, ie in the slag pits. Fur-
thermore, some tap slag pieces found in
the slag pits contained the remains of undecayed wood
and bark (Fig. 3). In all probability, they indicate that
prior to the smelting process the slag pits were filled
with brushwood or the like, and the slag was allowed
to drain into the space existing between the pieces of
wood.

The amount of in situ slag in each slag pit was from
12 to 16 kilograms. Some slag pieces were scattered
on the ground around the furnaces. A small amount
of slag, undoubtedly, indicates an iron-smelting fur-
nace of low capacity. Nevertheless, the calculations
show that some 18 to 20 kilograms of bog ore could
be smelted in those furnaces, producing some 1.5 to
two kilograms of iron. A smelting run could take from
six to eight hours, or even longer. Such an iron bloom
represented either three or four socketed axes, or four
to six spearheads, or 40 to 60 medium knives. It was a
great treasure at that time.

Smelting slag and smelted iron

During the smelting process, iron is produced together
with slag, which is atmosphere resistant and stays un-
changed for a very long time. The slag contains non-
reduced oxides, such as FeO, SiO,, AL,O,, MnO, CaO,
P,O, and many others. It also contains flux materials
and fuel ashes. The composition of the smelting slag
depends on the process used for the extraction of iron
from the ore. Hence, slag analyses can provide us with
important information on iron-making techniques,
raw materials and the technological parameters of the

smelting process.

The results of the analyses of the slag samples are giv-
en in Table 4. The composition of the tap-slag samples

Fig. 3. Smelting slag containing remains of wood
(photograph by Selskiené)

prove them to be typical iron-smelting slag formed in
a direct iron-making process. As expected, the main
phase in these slags is fayalite formed of iron and sili-
con oxides (Fe,SiO,). The overall quantities of com-
bined iron in the examined tap-slag samples (14/5A,
14/9A and 14/19A) vary from 41.6% to 51.4%. The
Virbalitinai bloomery slag, according to its iron con-
tent, bears a resemblance to the other slag-pit furnace
slag (iron content varies from 40.5% to 61.1%) found
in Lithuania (Navasaitis 2003). The bloomery slag
from many other countries shows analogous results
(Paynter 2006; Piaskowski 1992; Morton and Wing-
rove 1969). A rather high phosphorus content in slag
(4.62% to 6.89%) indicates that ore rich in phosphorus
was smelted in the Virbalitinai furnaces.

The light porous slag (sample No 14/19C) demon-
strates an extremely high silicon oxide content (about
78%), but it has a low quantity of iron oxide (about
4.4%). It is supposed that this piece of slag was formed
from the furnace wall, or the lining material.

Analyses of the small iron clots found in smelting slag
present some data on the quality of the iron produced.
X-ray energy dispersive (EDX) and wave dispersive
(WDX) spectral analyses were used to determine the
chemical composition of iron clots. Polished samples
were examined using a scanning electron microscope
EVO 50 XVP (Carl Zeiss SMT AG) with WDX and
EDX spectrometers (Oxford instruments). For metal-
lographic analyses, a light Olympus BH2 microscope
was also used. The chemical composition of sample
No 14/7 is shown in Table 5. The metallographic anal-
ysis revealed rather high carburisation of iron (Fig. 4).
In different areas of the clot, the carbon content varies
from about 0.2% to 0.7% C. The prevailing phase of
a microstructure in a certain area of the clot (Fig. 4a)



Fig. 4. Metallographic analyses of iron clot No 14/7: a ferrite grains (light) with some pearlite (grey), etched 3% Nital; b
pearlite grains (grey), ferrite grains (white) and phosphide eutectic (variegated), etched 3% Nital (photographs by Selskiené)

is ferrite (white) with some pearlite grains (variegated
grey), while the prevailing phase in another area of
the sample is pearlite (grey) with some ferrite grains
(white) in a pearlite matrix (Fig. 4b). The microstruc-
ture demonstrates that sample material to be hypoeu-
tectoid steel. Hence, it could be hardened by means of
quenching. Therefore, undoubtedly, this steel was suit-
able for tool and weapon production. It should be noted
that the Polish scientist Jerzy Piaskowski has proposed
that the Baltic tribes developed considerably iron pro-
duction in the first to the fifth centuries AD. They mas-

tered the carburization of part of the produced blooms
up to 0.8% C (Piaskowski 2002). Were the Virbalitinai
furnaces an installation of this kind? “Making the axes,
they forged the bloom in such a way that the cutting
edge was formed of the carburised part of the bloom.
The axes were quenched and tempered” (Piaskowski
2002). Analyses of the element concentration revealed
a high amount of phosphorus (0.9% P on average) in
the clot. The high phosphorus content resulted in the
phosphide eutectic observed in the pearlite matrix of
the specimen (Fig. 4b). It should be noted that the high

Table 4. The chemical composition of selected smelting slag samples from

Virbalitnai, wt %

sample zzmp'e Fe. [FeO [siO, |ALO,|Ca0 [P0, |MnO |Mg0 |KO [NaO [TiO, [BaO |Total
Tap-slag | 14/5A |41.6 |5353|31.81 [3.30 [3.78 |462 [1.70 [0.77 [1.60 (030 [0.38 [0.02 |101.8
Tap-slag | 14/9A [51.4 [66.18 [2023 [2.13 [4.24 |61 [0.69 [0.70 [124 [0.14 [0.00 [022 [101.4
Tap-slag | 14/19A [45.0 [57.88 [24.58 [2.76 [6.13 [6.89 (096 [0.75 [1.64 (022 [0.08 [0.32 |102.2
Light

14/19C [3.45 |444 [77.93 [9.32 [1.06 [0.30 [0.09 [113 (393 |071 [051 [0.08 [99.5
porous slag

Table 5. The chemical composition of iron

slag, wt %

clot No 14/7 found in smelting

Phase c* P As S Co Mn Si Fe

Ferrite 0.005 |0.6-1.3 0.23 0.02 0.12 b.d. b.d. the rest
Pearlite 0.8 0.55 0.20 0.01 0.13 b.d. b.d. the rest
Average 0.3 0.9 0.22 0.02 0.12 b.d. b.d. the rest

* calculated from microstructure
b.d. — below detection limit
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phosphorus content in the sample tends towards an
increasing steel brittleness, thus hampering the possi-
bilities of its application. However, there is no data on
how the microstructure of iron clots correspond to the
whole smelted iron lump.
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GELEZIES LYDYMO
TECHNOLOGIJA VIRBALIUNU
SENOVES GYVENVIETEJE

Jonas Navasaitis, Ausra Selskiené

Santrauka

Straipsnyje pateikiami Virbalitiny senovés gyvenvietés
archeologiniy gelezies lydymo radiniy: rudneliy siene-
liy, lydymo $lako ir i§lydytos geleZies gabaléliy tyri-
mo duomenys. Remiantis $iais duomenimis paméginta
atkurti naudoty rudneliy konstrukcija bei paaiskinti
gelezies lydymo technologija. ISsamus radiniy arche-
ologinis vertinimas su gausiomis iliustracijomis yra
pateiktas $iame leidinyje A. Zalnieriaus, J. Navasai¢io
ir D. Bal¢itino straipsnyje ,,Gelezies lydymo vieta Vir-
balitiny senovés gyvenvietéje®.

Lietuvoje iki Siol yra rasta apie 60-ties rudneliy liekany
(1: ab pav.). Daugelis ju sickia II-VI a. Penkiolika
rudneliy, tarp ju ir rastosios Virbaliiiny senovés gyven-
vietéje, priklauso tipui rudneliy, po zaizdru turéjusiy



Slako duobg, { kurig sutekédavo lydymo metu susidargs
Slakas. Lietuvos teritorijoje rasty §io tipo rudneliy pa-
grindinés charakteristikos yra nurodytos 1 lenteléje.

Rudneliy, turin€iy slako duobg po zaizdru, kilmé, deja,
néra aiSki. Radomiras Pleineris nurodo, kad tiksliai da-
tuoty Siy rudneliy, sickianéiy La Téne kultiiros perio-
da, yra rasta Vidurio Europoje. Ta¢iau manoma, kad
jos buvo zinomos dar iki kelty. La Téne periodu $io
tipo rudnelés pasirodé ir dabartinés Lenkijos teritorijo-
je. Ju liekany rasta to meto gelezies gavybos centruose
Sventojo Kryziaus kalnuose. Plisdamos { $iaure Sios
rudnelés pasieke ir balty krastus.

Virbaliliny senovés gyvenvietéje buvo rastos palyginti
neblogai issilaikiusios 9-iy rudneliy apacios. Tai rudne-
liy $lako duobés su jose likusiu in situ lydymo Slaku
(1 a pav.). Daugumos rudneliy vidinis skersmuo sické
apie 30—40 cm, o Sachty sieneliy storiai ties buvusiu
zemes pavirsSiumi — iki 20 cm. Dvi rudnelés buvo kiek
didesnés, turéjusios nuo 45 iki 55 cm vidinj skersmeni
ir iki 30 cm storio Sachty sieneles. Rudneliu sienelés
buvo pliktos i§ smélio ir molio misinio. Granuliome-
triné jo sudétis pateikta 2 lenteléje, o 3 lenteléje nu-
rodyta sieneliu misinio cheminé sudétis. Kad miSinys
buty pakankamai atsparus kaitrai, molio kiekis jame
siekia vos 9%. Be molio, | miSinj taip pat pridéta Siek
tiek smulkaus zvirgzdo bei malty (?) medzio angliy.
Sie priedai didina misinio atsparuma kaitrai ir stipru-
ma. Idomu, kad senovés metalurgai Zinojo, kokiomis
priemonémis siekti rudneliy sieneliy stiprumo ir atspa-
rumo Kaitrai.

Apie rudneliy auks$t] galima spresti tik i§ negausiu
Sachtos fragmenty bei analogijos su kitomis $io tipo
rudnelémis. Tikétina, kad jos buvo apie 70—-100 cm
aukscio (1 b pav.). ISlikgs slako duobiy gylis sické nuo
20 iki 35 cm. Virsutinéje duobiy dalyje buvo aiskiai
matomas perdegusio raudono molio sluoksnis, rodan-
tis rudnelés zaizdro zona, kurioje lydymo metu vyko
intensyvus medzio angliy degimas. Beje, iSliko tiktai
apatiné zaizdro dalis, nes visy rudneliy virSutinés da-
lys buvo apgadintos vélesniais laikais dirbant Zemg.
Taciau 49-oje rudnelgje isliko sienelés fragmentas su
4 cm skersmens apskritos angos dalimi (2 pav.). Ne-
abejotinai per §ig anga | rudnelg dumplémis buvo pu-
Ciamas oras, reikalingas medzio anglims degti. Nors
Sis sienelés fragmentas buvo iSjudintas i§ tikrosios
savo padéties, taciau tikétina, kad anga buvusi jrengta
keliolikos centimetry aukstyje vir§ tuometinio zemés
lygio ir buvo pasvirusi apie 30° { viding rudnelés puse
(1 bpav.).

Kiekvienoje rudneléje buvo irengtas kanalas, vedantis
nuo buvusio zemés pavirsiaus gilyn { rudnelés Slako
duobe (1 a ir b pav.). Tikétina, kad Siuo kanalu pa-
tekdavo oras, reikalingas kurui duobéje degti rudnele

dziovinant ar kaitinant prie§ lydyma. Be to, Sis kana-
las galéjo turéti ir kita, dar neiSaiSkinta technologing
paskirti. Reikia pazyméti, kad Virbalitiny rudnelés yra
panasios i Sventojo Kryziaus kalnuose (Lenkijoje) ras-
tas rudneles, taip pat turéjusias i $lako duobg vedanti
kanala. Ten tokia rudnelé buvo pavadinta ,,Kotlinka
Swigtokrzyska 1. Spé¢jama, kad rudnelei i8dzitivus
ir ikaitus, zarijos Slako duobés dugne ir kanalas biida-
vo uzpilami zeme, o { duobg dar biidavo prikraunama
zaby ar kitokios medienos, kad lydoma riida ir medzio
anglys laikytusi vir§ duobés. Tuo tarpu skystas Slakas
laisvai gal¢jo sutekéti i tarpus tarp zabu. Mediena duo-
béje dél oro stokos nesudegdavo, tiktai apanglédavo.
Sia prielaida patvirtina nesudegusios ir nesudiléjusios
medienos liekanos, aptiktos keliuose §lako gabaluose
(3 pav.).

Rudneléje lydymo proceso metu redukuojasi rada ir
iSsiskiria gelezis. Kartu i§ bergzdziyjy riidos uolieny,
kuro peleny, fliusy ir apsilydziusiy rudnelés sieneliuy
susidaro daug patvaraus $lako. Be to, rudneliy Slake
lieka neredukuoty gelezies junginiy. Taigi Slako sudétis
gali daug pasakyti apie gelezies lydymo technologija,
naudota riida, kura ir fliusus. Virbalitiny rudneliy $lako
tyrimai parodeé, kad tai yra tiesioginei gelezies gavybai
budingas §lakas (4 lentelé). Kaip ir tikétasi, pagrinding
Slako faze sudaro fajalitas, t. y. gelezies ir silicio oksi-
dy junginys (Fe,SiO,). Aptiktas gelezies kiekis tekiojo
Slako bandiniuose svyruoja tarp 41,6% ir 51,4%. Pagal
Slake likusi gelezies kiekj Sie bandiniai yra labai pana-
$ts 1 kitus Lietuvoje rasty rudneliy $lakus. Pavyzdziui,
tekiuosiuose rudneliy §lakuose, paimtuose i$ Slakduo-
biy, rastas gelezies kiekis kinta ribose nuo 40,5% iki
61,1%.

Palyginti didelis fosforo oksido kiekis Slake (4,62—
6,89%) rodo, kad Virbalitiny metalurgai gelezj lydé i§
fosforingos riidos. Lengvas purus Slakas greiciausiai
susidaré i§ apsilydziusios rudnelés sienelés, nes jame
vyrauja silicio oksidas (apie 78%), taip pat yra aliumi-
nio oksido (9,32%), kalio oksido (3,93%) ir Siek tiek
gelezies (3,45%).

Mazas §lako kiekis rudneliy duobése (apie 12—-16 kg)
rodo, kad juy nasumas buvo nedidelis. Tiesa, reikia taip
pat jvertinti ir nuardytos virSutinés duobiy dalies §lako,
pasklidusio aplink rudneles, masg. Skaiciavimai rodo,
kad Virbalitiny rudnelése per mazdaug 6-8 val. truk-
més lydyma galéjo bati sunaudojama apie 18-20 kg
baly riidos ir gaunama apie 1,5-2,0 kg gelezies, i$ ku-
rios buvo galima nukalti 3—4 jmovinius kirvius arba
4-6 ietigalius, arba 40—60 vidutinio dydzio peiliy.

Rudnelése islydytos gelezies kokybe bent apytikriai
galima vertinti analizuojant smulkius gelezies gaba-
l¢lius, rastus lydymo S$lakuose. Gabalélio Nr. 14/7
cheminé sudétis pateikta 5 lentel¢je. Metalografiniai
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tyrimai parodé palyginti didelj, taciau netolygy gele-
zies jsianglinima (mazdaug nuo 0,2 iki 0,7% C). Mazai
langlintose bandinio dalyse vyrauja feritas (4 a pav.), o
gausiai janglintose vietose matome vyraujantj perlita
(4 b pav.). Bandinio sudétis ir mikrostruktiira rodo, kad
tai yra prieSeutektoidinis plienas, tinkamas jrankiams,
ginklams ir kitiems dirbiniams gaminti. Taciau jame
esantis nemazas fosforo kiekis (vidutiniskai 0,9%) di-
dina plieno trapuma ir riboja jo naudojimo galimybes.



