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ABSTRACT

The electricai smelting process hzs undergone refinement and
technical progress in the last few vear~  The original conception of electric
smelting was 1o supply the thermal . ‘quirements of the process from
electrical energy and the chemical requirements from carbon. The present
trend, however, is to substitute carbon or other fuels for a portion of the
thermal énergy previously supplied entirely by electricity. The Preheating
and prereduction of the charge makes it Possible to meet the demand for
larger and larger reduction units since the power consumption per ton of Pig
1ron may be drastically reduced by the thermal pretreatment.
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yard-stick for compar - -
pig iron field until recently
operation in USA wis Per January tst. 1959 g4 metr;.
Western Germany 127 blast furr:ces were in
production of 550 tons rer dav Approximate!
a typical production capac.ly for newer bigst
very few big blast furnaces with capacity of up 1o 2000 tors.  The three
integrated iron and stee) works recently erected in Indis have
approximately 1 million tens PEr vear ecach.
blast furnaces designed for abt., 1000 metrie

last years, mainly by installation of sinter p
With self -fluxing sinte, the coke consumptsor
1000 kgs per ton of pig iron to 600 800 kgs. The 'mport,
consumption of the rather eXpensive blast furnace ¢oke h
by the use of abt. 200 kgs of « oke breeze

coke consumption - is not avarlable :n m
Or even import of coke ur coal
dependence of supply from overscys,

: INIRODUCTION

The ciectric p: IrOD Pty g
Pig

i iz ors ctabhe very fow allernalives
to the conventions! bla <t urreoe process in the preduction ot Liquid pig romn.
Electric pig .rov productior -« alic.ay establinkod i tourteen differemt

countries and this typ- of smeiting plarts has S ordered tor three other
countries. in tn,s Paper the suthey w.! deai with some Q0
this quite wide -spread =doplion of the etectric roduction Padthy on remote and
industr:ially scmeshat less developed aroax,

Pohe reasons Ty

The clectr oy SIMCIIng Pruccss has TRACTEOne retf e nt and
techrical progr.se i i, iast f vears,  The original one eprion ol clectr,
smelting was (o SUPppPly e the r Prequirements of the Process tron ciecrry gy
energy and the chemica, requiremernts from carbon, The pPresent trend, how
ever, is 1o substitute carbon op other tuels far
Previousiy supplied crtircly by ciectricty,
the charge miakes it possible to meet the de
units since the power “onsun.ption pe: ton
by the thermal pretreatment.

[E2Y

4 portion of the the rmual encryy
Tre preheating and prereduaction o
mund for larger and larger reduction

The resu'ts of pilot piant tests in preheating and prereduction and
electric ~melting of the hot charge will be discussed i this paper,

'

¢ THE BLAST FURMNAC(E PROCESS

Before discuss ng the olectr, Process it as usetul to have as o

s the biast furnac. P ess which his dominated the

- The average o “4picity of the 266 Liast furnaces in
tons per day.  In
operation :in 1961 with an average
v 1000 tons per day appears to be
farrsces. There Jre, however,

Capacitics of
These works are equipped with
turs production por diy.

The performance of the blast furrace has been mproved over the
lants in the large steel « ountrics,
has been reduced from abt,

nt reduction in the
48 been accompanied
in the sinter plant.

Blast furnace coke - or ¢oal of the type suitable for blast furnac ¢

any countries and arcas, Transport
from abroad w:ll ¢stablish higher costs and

o1 pig iron may be drasticaily redudeed
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The eiectric Pig 10" fUrnace 15 pot depending on the <o hioh
quzlity and strength of coke, Coke of sl size or Cadlever Diprite. o e
used. This is the main reason for the adopticr of vlec iy, . Sclting an <oy
countries, .

3. DESIGN FEATUR LS OF ELECTRIC FUR NACT'S

Inén elecrr ¢ PlEg tron turng - he o Large s distributod oo, the turna.
bins by transport wits skip-hoist and teipher bucket,  From the bhins above the
ciectric furrace the Ciierge flovs by oris "ty threugh the chutes 1o . barge opogn-

1

INZs in the roof, 4nd d-tCeticaily kerps the olectre turnace nlled with o harge,

Al the uepe oo thich have been buige bv Elektrokemisk during thie
last iwenty e re oy Cquippes with Circular lurnace pots and throo Soderbery
¢lectrodes arranged in delta fermation Below ¢ach electrode consiae rabl.
quantities f ceke {loat in the slag. the so-called coke bed. whiclh constorntes
an 1imporizn: cle:ept in the smelting process.  The clectrode currert Pa=ses
from the «lcectrode s tirougl the prehcated part of the charge, which 1 « O -
ductive to ciectricity, .ud then through the ¢oke bed and the slag.

The rain rcaction as well as the fusion of the cha rge takes place gy
the vicinity ,f the electrode tips where the liberat on of electr vnoergy s
most extensive, As the height of the charge around the smelting zone 1 s
relatively low and tne quantity of gas 1s considerably smaller than 1n bliast
furnaces, because no air is blown in, relatively little preheatirg and CO
reduction take place in the electric furnace, except with o specially proepared,
porous charge,

As for blast furnaces, iron and slag are tapped from a tap hole near
the furnace hearth. Reaction gases are sucked off from openings n the furnac e

roof, scrubbed with water and distributed to gas holders and the gas distribution
system,

The pioneer furnace for closed operation with collection of unburnt
CO gas was the 1 ysland-Hole furnace operated by Christiania Spigerverk an
the outskirts of Oslo. This furnace was in operation from 1923 to 1947 under
inspiring leadership ot Mr. Gunnar Schjelderup. Table | pPresents a list of
electric furnaces of Tysland-Hole and ELKEM type in operation and presently
under construction. In this table are not included furnaces for 100 to 150 MW
built by other furnace manufacturers or the iron and steel producing companics
themselves. Excluded are also a number of smaller furnaces built after the
war by the Japanese stee] works .

4. ELECTRIC PIG IRON SMELTING TO-DAY

Only a short description will be given here of the latest clectric
Pig iron furnace installations,

Christiania Spigerverk, who Pionecred in electric Pig iror smelting
by development of the first ciosed top unit, acquired a smelting plant uat
Bremanger in Western Norway in 1952, Here 3 33 MVA electric furnace and
a new sintering plant was installed in 1959, This furnace is in production on
a special grade titanium and vanadium bearing pig iron.






An important and (Ourageous step was taken bv A S Norsk Jernserk
just after the war, in their decision to install three eled triv pig (ron turnaces,
later supplemented with a fourth furnace unit, each with 33 MVA transtorn, rs.

T'his state-owned plant in Mo 1 Runa. Just below the Polar gl
has bren in cuntinuous operation since 1955, The vearly production 1s now b,

360.000 metric tons. Partly for the company's own st works ond partiy tor
sale,

Typical data for the present operations are as follows .
Furnac. joad «0.090 - 25 000
Power consumption for pig iron

) ! N el
with 1% s; abt. 2000 kWh per metric ton

Coke con sumption

{85% Fixed C) - dry basis P20 - 400 ks
Electrode pastc S - 10 kgs
Down-time L. 57
Labour man-hours per ton 1.0 - 1.5

Presently the plant 1s being expanded with two 40 MW turniace units
scheduled for compietion towards the end of 1963. 1t ;s expected that the
total annual capacity of th six furnaces will then reach 700 - 750 000 1ons,

At Matanzas 1n Venezuyela the large integrated vron and steej pilant
planned and built by Innocenti, Milan. was sta rted up in 1961, Here g hit
33 MVA ELKEM units have been put into operation, and one 1 cxpected te be
ready for operation shortly. This state-owned enterprise is founded on the
famous Cerro Bolivar "Iron Mountain''. said to be the world's richest tron ore
body so far discovered,

Other recent additions to the furnace family are two 18 AMVA furnaces
for Israel Steel Mills, and a 13,2 MVA furnace designed for the Consolidated
Mining ard Smelting Company of Canada Ltd., in Kimberley, Britich Cotumbia,

Early 1962 an 18 MVA ELKEM furnace “or the smelting of sintered
beach sand concentrate was started up by Nisso Steel Mfg. Co. L.td., Hachinoe,
Japan.

5. PREPARATION OF RAW MATERIALS

As in the blast furnace operation progress has been made in raw
materials preparation for electric Pig iron smelting. Also for e¢lectric furnaces
smelting the lump size of the charge components and elimination of fines and
dust in the charge are important for the furnace performance, Careful ontroj
of fines by screening is now standard practice with most larger ¢lectrothermic
plants.

Systematic charge Preparation has improved charge porosity and
gas distribution. This provides a wider reaction and smelting zone 1n the electr;,
furnace as well as smoother descent of the charge. Self-fluxing sinter eliminates
calcination of raw limestone and dolomite by electric power. Apparently the
self-fluxing sinter has increased chemical reactivity which 1s reflected 1n higher
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CO2 content in the furnace gas. Also the self-fluxing sinter 15 supposced to
lower the formation temperature of the slag in the furnace, whereby reduced
temperature in the reaction zone has been established,

6. CHEMISTRY OF PIG IRON SMELTING

1) JFe, 0, + (0 ¢Fey0, - co,

2)  Fej0, o 3 FeO ¢ Co,

3) FeO t CO : Fe + COZ

1)  co, +C . 2 CO
Hematite: Fe ,()3 = Oxidation degree 100 7,
Magnetite: Fe\()4 = " ' 88.87,
Wystite : FeO = " " 66.7%
Metallic iron: Fe = " " 0 7

Knowledge of th chemical reactions which take place during the
production of pig iron ore is required in order to understand properiy the
Prevailing technical and €conomical conditions. The €quations | - 2 represent
the well known step by step reduction of iron ore to metallic iron. Iron ore,

In the form of reg hematite, has the composition Fe O, and an oxidation degreo
of 100 "5, In this tpe of ore, iron is at its highest o‘ilf?auon stage, A lower
oxidation stage i1s Fe O » which occurs as the Yiack and dense magnetite ore
with a oxidation degrée of 88.87,, The formuls FeO cor responds to u degree of
oxidation of 66, 79, Wystite has a tomposition close to FeQ, Finativ metallic
iron has a degree of oxidation of 07,

In the reduct.on of hematite with solid carbon 1n 4 pig iron fy rnace,
the ore will pass through the various oxidation stages, According to the first
3 equations the ore reduction may be considered as a prima Ty reaction between
solid iron ore and CO, with formation of CO., Part of this COZ’ however, will
react with solid carbon resulting in regenerdstion of CO. In the Pig iron processes
the equilibrium and velocity of the reaction between carbug and CO, is decisive
for the gas composition and carbon consumption. At 1000°C and agovc, the
reaction 4 is completely displared to the right in formation of CO, and the rate
of reaction increases rapidly. This means that in pig iron furnaces cluse to
100 ‘g& CO is formed in the zones of the charge where the temperature is above
1000°C. The reduction of the iron oxide gives an 1inc reasing equilibrium
concentration of CO, in the Bas as the oxidation degree increases, This means
that the equilibrium<or formation of high content of CO. in the gas 1s much
more favourable at the beginning of the reduction than tGwards the final stage,
To simplify the matter the chemistry may be considercd as follows:

Production of hquid pig iron from ore comprises endotherma]
chemical reaction and heating of the reaction Products to high temperature,
The energy requirement is covered, in the electric furnace, partly by util:-
zation of the heat from carbon oxidatior, and Partly by electric power, To
the extent that C()2 is formed in the charge by reaction between oxygen in







the charge ' oreaction betu.on DRVRET e creard Cathor o ch e DGk the

carbon corsumipt.on . oniy W aitha gn e heat Dhoration S Conside rably
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Ditterenr ~eivarin ogtitutes ard Priviate Cooapan.cs have
attempted to avelop pro - auctior qaependoct groups or USA and Carada. and
also groups o Tapas bLave worked mtensoaely for mprovicg the oo tre tron
ore reduction. The obj ot fus hoeer to Make the process competet ve wath the
convertional hiast furna -+ v yreas Matrly supplied with thermal power,
Comprehens ve tests have by r made with the Strategic -Udy process usng a
rotary kiln for preheat.nyg Lprervduct-on fol’oned by ofectre smelting
with a <pecial te hnique.  Whis process 15 bawed on the late dry Morwin Udy's
tvertions.  The Udy proc ss facilitates sele 'ive reduction of complex ores
and allows the v 5e of fine-grained charge. Further  the Process as well sited

tor c.re.t producrtion of sem; steet with medoim or Jlow arhar ontent,

independently . Flecrrok. sk have undertaken roaear b nd
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B SHAF! PPEHEATING

A simipic way to "MPpIove the performance 15 to preheat the
complete charge in shafts mstailed diteo tiy anive the ety turnace, In
Elektrokemisk's Regoar. i Station. at vk ey 4 dey smelter g1 Fiskaa
Verk rear Krist.ansand 1n South Norway 4 mmber of pilot plart shafts and
d commercial-size protartype shaft have been bulit, A pilot shatt for a
tapacity ot 300 to {600 kys of  ha TRC per bour s erected directly above an
electric furtuace, Hero the coraplete chorge cw heated ¢ cunter . urrently in
4 stream of hot combustion Ras»s. Fuel oi! o O Ba8 lrom the electric
furnace 18 burnt wity 4 controlled quantity of 4:r and the hot gAses are
Passed through a bed f cthairge in the shafr,

A cresiderable rumiber of teas s has beer made aith different
ITOn ore and sint 1 Charges. Heddig e power - orsumptior and nd reased
Produc tion arc obtaired roo iy dae 1O the seraho Foegt o the charge byt
also due to more indirect reggetaer lex thermal tormation of (;()‘Z by gas
reduction), 1n the electr f orpace






Cold «h arge . Hot Lharg.

Ore “s Fe “s CO, kgs Fixod ¢ A Wh COL Rgs Fined ¢ Kk Wh
“ pei e - por poer
metrig AFEER S o TN TTiet g e tric
ton o taor ton
Magnetite Lump
Ore 30 9 295 2 A0 R S8 1800
Self-fluxing sinter &4 14 08 20RO iy R 1580
The me n purpose cf the peos -, TR ah e s e Bt the L har e,
p } [

The preheating is dccompanied by 2 smail imegnt of Prereduct on when using ore
carbon pellets., By skaft prereating 4 consider  bie CO, formation 1p the
electric furnace occurs. This 15 due to the fart that the “retentior time of the
charge in the electric furnace 1n the “mportare rmperature eapge 800 - 930Y .
increascd, Hereby a reduced cor<samption of  arhon as acll 4. power s
accomplished,

The combinat:on of Prefheating shat and oo ot fgre,ce s
respedts makes the electrie smelting proc e« Adept SCmie of the <ame featyres
"¢ the blast furpace pro

The charge 1s first heated to Feactior temperatire oo shalr,
then kept in the 1mpoort.,n~' temperature range for ndirect reduction i contact
with CO at 800 - 9350 and finally smelted ard 1ron carburized. In the blast
furnace the Co, O 'p-gas 1s used for preheating the blast, T the improved
electric smelting p ¢ss the CO-gas covers thy frquiremnents for preheating
of the charge, thereby improving the cver -4t b, U halanc e,

7. ROTARY }!| =

A mixtire of iron ore, limestone ard cose {or taw coal) .
heated to about 1000°C 1n rotary kiln, whereby reactions betweer ron oxide s
and carbon is started, without fusion of the cha rge.  The kiin prodact e
transferred hot to the electric furnace 1n tnsuiated ontainers,

The prereduction kiln is of the same type as used in other
industries, for instance for burning of Portland ¢ ¢ment chinker. These kilns
are mechanically strong and have a long I:ife. By placing thermo-couples
through the kiln lining the temperature may be accurately controlled, so as
to make sure that the working temperature 1s below the softening point of
the charge. Thereby the cumbersome 1ermation of rings 1s avouded., CO gas
produced from reaction between iron oxides and carhbon in the charge 1x
burnt above the ~harge bed in the kiln by air supplied in « ontrollcd Guantities
through ports in the kiin shell. This supplics iicat for the iron are
reduction,

Raw coal is & preferred reduc Ing agent for kiin prereduction,
By feeding raw coal through special scoop feeders directly through the kiin
shell, an instantaneous carbonization f coal takes Place dus to the contact
between the coal and the hot charge in the kiin, Hereby ring formation on
the kiln lining is avoided even with strongiy baking ccals. This type of
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coal charging sideways int) the kiln Librrates volatiles trom the (ou! which
burns with oxygen in the kiln and suppiics additional heat of Ccombustion for
the prereduction and preheating of the charge. Many tvpes o raw ol
produce char of high chemical reactivry, atdvantageous tor high rate ot
reduct:on in the kiin.

By ¢ombustion of al; CO Ra~ tormed in the kiln and clectrs
furnace as well as voiatiles ire:in the coal. 50 or more of the uxyvgen an the
Ore may be remeved by preredu . on . the kiln., Preheating and prereduction
decreaes power Coasumption dra Gcally wirh corresponding ind reasc an the
iron production. In the Fiskaa piiot plant to -t with high-grade ore trom
Algeric and Laurader . nd sintered magnetite pellets, Power consurnption
figures 1. the Fatge ¢ 7245 - 1300 <Wh have bLeen obtained. With jow ~grade
silicious ore the rorye | 500 - 1860 kWh s tvpooal,

Fur industrial use of the combination rotary kiln elce tris
furnace. he kile wouid have to be placed on unreasonably high fourdations
1{ the hot tharge sho:id b+ transferred directly to the ciectric firra. o charpe
openings<. The pract:. 4t 1rrangement on a large scale, therefore. s 1o
Place the rotary kilns on normal foundations at ground level, discha rge the
hot prereduced mater:al 1at0 & surge bin and transport in insulated « ontainers
to the electric furnace feed bins,

10. NEW INDUSTRIAL INSTALLATIONS

Preheating in rotary kiln with transfer of hot feed has already
been in operatic sinc- 1958 in four 13,5 MVA ferronickel furnaces belonging
to S A. ".e Nickei at their New Caledonia Plant. A desc ription of the plant
and oper tion in New Caledonia has been published in Journal of Metals,
March | 0,

The smelting technique adopted in this la rge plant, which now
Cons18ts 0f 5 ¢ =Ctric turnace units, originates from three stnelting test
¢ampaigns a. .tektrok-riisk's Kesearch Station,

A plant with one 4.8 MVA fer rontcke! furnace smelting pre-
heated charge from a rotary kiln has been started Ip recently an Brazil by
Morro 4o Nickel S, A,

In the p:g 1ron field Rudnic: | Lelezara SKOPJE Jugoslavia 1s
installing 3 34,5 MVA furnaces, each with a4 rotary kiln. Further expansion
18 planned by the authorities. Here 4 low-grade chamosite ore, limestone
and raw lignite coal will be heated in F. L. Smidth rotary kilns with s« 0ops
for feeding the lLigrite di rectly through the kiln shell. Despite the very low
grade of the ore, the CO 648 produced in the kilns and electric furnace and
hydro-carbons and other volatiles from the Lignite coal will cover the heat
requirements for drying and Feating of the (ha rge an the kilns as well as
Partial reduction of ore and cale ination of iimmenatone,

Sinai Mangarn- se Corporation have rec ently ordered a rotary

kiln and 13,2 MVA electric iurnace for extraction of Pig iron and ferro-
manganese from low-grade iron manganese ore 1n Egypt,

™. . -






In Portugal a 13,2 MVA Pig iron furnace installed five
ter conventiional pig iron sr
the charge. Presumably

Vealr's ago
rclting is now being rebuilt for shait pPrencating of
this plant wiil be 1n operation within the end ot 1902,

I addition to “hese new ELKEM installations. turnace No. 9 iy,
zuelan pig ircon plant is presently being rebuilt 1n « oouperation with
Stratmu’ Ltd. and Koppers Inc. !or the usec of the Strategic-Udy technique n
preveduction and srueiting .

tre Ve

IV, THE ECONOMY OF ELECTRIC PIG
IRON SMELTING

A compiere ard detailed study of th
production 1s 3 complicated matter. However
comparison beiween d-ffere
main cost items,

€ COsts anvolved in pig aton
vosuffictently oy urare daty toy

nt processes arc achieved by Tersidering the

As in the blast furnace smelting the cost of the ¢re
the largest single cost item.

ore by mechanical ore dres-
Sintering of the fines i-

of fines. Gener-

electric nie

Ca

18 a« u ~posal.

s very often
Also for electric smelting concentration of the
‘g 18 preferable to smelting low-gradc ore,
cases is preferred for prereduction and smeltting

e, the ore cost is the same for blast furnace and

- electric pig iron smelting the field of orcs that are
110, , .S wider. Particularly the use of titaniferrous 1ron
Prospects for pig iron production based on the cheap iron-

in the coastal areas of many countries of the world. So far
electric melting of iron sand concentrates has only been de
However, with reduced power cons

.. e

sand c.

in the coming years.

Another important cost factor is the cost of carbhon for re
and supply of thermal nergy for the process. Here the
on hard coke wit!

100 mm.

duc tion
blast furnace depends
high resistance to abrasion and lump size between 30 and

Traditionally in Europe electric
based on gas coke and gas coke breeze,
and higher reactivity than metallurgical c
reducing agent for the electric furnaces.
Prereduction, raw coal even high volatile coal and lignites, may be used ag
reducing agents. Raw coal 1s carbonized by successive heating in the preheating
or prerednuction step. Hydrocarbons and hydrogen are developed and participate

in the prereduction, and supply heat by combustion with a1r for the preheating
and prereduction process.

Pig 1ron smelting has mainty been

Gas coke has lower abrasion strength

oke and is actually 12 somecwhat better
By introduction of Preheating and

ry substantial price

e coke. This makes raw ¢ oul
The lower consurnption
arbon costs considerably for

difference between raw coal and blast furnac

For electric Pig iron, the cost of electricity has to be considered.
Before prereduction was introduced, the electric Process was only ¢conomic 4l
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for areas with supply of cheap power. With prereduction ot the :ron ore,. the
pPower consumption can be brought down to the same order as for civctrg

steel smelting. Electric power produced in thermal power stotions « onms

into the picture now for electric smelting. In areas with cheap fuel 1n the torm
of coal, o1l or natura! Bas, power can be produced at low or miedium « o<t 1n
modern power stations, The disgram of Fig. 9 shows the «ost of thermial
POWCr as a tunction of the fuel price, The cost of irstallation s oestimnated to
140 US dollars per kWh and the fyel consumpticn 2500 kcal per kWh, The
fixed charges are 2.7 US mills per kWh while the fuel expensces are propertional
to the price of fuel, Counsidering for instance the price of farpc tonnage of
heavy fucl o2:1 11 ports uround the world as about 13 - 14 dellars. the corre-
sponding power price is abt, 7 US mills. With this power price the electrac
pig iron process is competetive in many areas of the world,

12. FUTURE TRENDS

Electric p1g iron smelting 1s a special iron ore reduction process
used and under installation in 17 different countries. The electric furnaces are
used not only in small iron works. but also in integrated iron and stecl works
of intermediate size with 300,000 - 700,000 tons annual capacity. The obvious
fields for electric smelting of iron ore are areas in the world where coking
coal of suitable quality for production of metallurgical quality coke 1s not
available, whilc electric power such as water-power or cheap thermal pewer
is at disposal.

By reduction of the power consumption and increase in furnace
unit capacity. the Pig iron process may gradually achieve 4 more important
pPart of the new pig iron Production capacity, perhaps mainly by ¢xpansion to
countries and areas which have not so far developed steel industry, i'he great
tolerance of the electric furnace with regard to quality of 1ron ores and
reducing agents will Justify electric smelting for new nig iron plants, Each
Project has to be examined very carefully with testing of the raw materials
concerned to find the cheapest solution with regard to insta!lition ard operating
costs,







Table |

Number of Number of Total Total

furnaces in MW furnaces MW number of MW

operation under furnaces
f e reaiecciiccececesccecccseea ececea construction ...
Canada 1 10.0 1 20.0 2 30.0
Egypt 1 10.0 1 10,0
Finland 1 10.0 1 10.0
India 2 20.0 2 20,0
Israel 1 13.5 1 13.5 2 27.0
Italy 13 101.5 13 101.5
Japan 2 18.5 2 18.5
Norway 5 110.0 2 80.0 7 190.0
Peru 2 20.0 2 20.0
Philippines 2 28.0 2 28.0
Portugal 1 10.0 1 10.0
Spain 1 6.5 1 6.5
Sweden 6 $0.0 6 50.0
Switzerland | 8.5 1 8.5
Venezuela 9 198.0 9 198.0
Yugoslavia 3 30.0 3 78.0 6 108.0

47 600.0 11 236.0 58. 836.0
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71g. 3. From Corporacion Venezolana de Guayana, Matanzas.







Fig. 4. Pilot Preheating Shaft, Elektrokemisk A/S,
Fiskaa Verk, Norway.
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Fig. 5. Pilot Furnace for Shaft-
preheated Charge.







Fie. 7. Pilot notary riln, “iskaa Verk
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