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Votava, J.: Abrazivni opotiebeni ocelovych materialti v kvasném primyslu. Kvasny Prum. 58, 2012, ¢. 9, s. 264—268.

Strojni zafizeni kvasného primyslu je znaéné zatéZovano mechanickym opotfebenim jednotlivych pohyblivych prvkl a korozni degra-
daci. Jedna se predevsim o linky na plnéni kegu, lahvi, ale i etiketovaci stroje. Snahou konstruktért je tedy nahrazovat klasické oceli
korozivzdornymi materialy. Cilem pfispévku je porovnat abrazivni odoInost standardné pouzivané oceli C45E s antikorozni oceli X20Cr13
a X5CrNi 18-10. Testy jsou provadény na vzorcich, které byly tepelné zpracovany dle doporuceni vyrobce. Jako etalony slouzi tepelné
nezpracované vzorky. Abrazivni opotfebeni je testovano na zafizeni s pevnymi ¢asticemi dle normy CSN 01 5084. Pfed samotnym tes-
tem byl proveden metalograficky vybrus jednotlivych vzorkl a zmérena mikrotvrdost strukturnich fazi daného materialu. Pro porovnani
bylo provedeno méreni i celkové makrotvrdosti metodou HRC.

Votava, J.: Abrasive wear of steel materials in fermentation industry. Kvasny Prum. 58, 2012, No. 9, p. 264—-268.

Machine equipment in fermentation industry suffers from the mechanical wear of mobile elements and from the corrosion degradation.
Especially concerned are lines for filling kegs and bottles and labelling machines. Thus the effort of technical designers is to replace
classic steels by corrosion-proof materials. The aim of this paper is to compare corrosion resistance of standard used steel C45E with
the anticorrosion steel X20Cr13 and X5CrNi 18-10. Tests were carried out on samples which were heat treated according to the produ-
cer's recommendations. Samples which were non heat treated serve as measurement standards. Abrasive wear was tested using the
equipment with solid particles according to the norm CSN 01 5084. Metallographic scratch pattern of the individual samples was pursued
before the test itself, microhardness of structure phases of the material was measured. For comparison, total macrohardness (method
HRC) was measured as well.

Votava, J.: Der abrasive VerschleiB3 der Metallstoffen in der Garungsindustrie. Kvasny Prum. 58, 2012, Nr. 9, S. 264-268.

Durch den mechanischen Verschlei3 von einzelnen beweglichen Elementen und durch die Korrosionsdegradation werden die maschi-
nelle Anlagen in der Garungsindustrie wesentlich belastet. Vor allem handelt es sich nicht nur um die Fass- und Flaschenabfillungsan-
lagen aber auch um die Ettiketierungsmaschinen. Die Ersetzung des klassischen Stahles durch den Rostfreistahl ist die Bestrebung von
Konstrukteuren. Der Artikel befasst sich dem Vergleich der Abrassionsbestandigkeit des standardsangewandten Stahles C45E mit den
Rostfreistahlen X20Cr13 und X5CrNi 18-10. Die Versuche wurden auf den laut Herstellungsempfehlungen thermisch verarbeitenden
Mustern durchgefiihrt. Als Etalonen wurden die Muster ohne thermischer Verarbeitung angewandt. Die Abrassionsbestandigkeit wurde
an einer laut tschechischem Standard CSN 01 5084 konstruierten Prifanlage mit den festen Partikeln getestet. Vor dem Test wurde ein
metallographischer Schliff einzelner Muster durchgefiihrt und die Mikroharte der Strukturphasen gepriftenes Materials festgestellt. Zum

Vergleich wurde auch durch die HRC Methode die Messung der gesamten Makrohéarte durchgefuhrt.
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1 UOvoD

Z&akladnim prvkem kazdé vyroby je pfeprava materiald. Pivovarsky
prdmysl neni vyjimkou. Prvni operaci v tomto provozu je pfiprava
a manipulace se sladovym je€menem. VyuZziti pasovych, Snekovych
i kore¢kovych dopravniku je tedy nezbytné. Jelikoz se jedna o pohyb
materidlu, hlavni pfi¢inu poruch téchto strojnich zafizeni zpUsobuje
abrazivni opotfebeni pohyblivych i pevnych dilli (Blaskovi¢ et al.,
1990). PFi vyrobé sladového Srotu jsou opotfebeny prevazné valce
Srotovniku. Pro pfipravu kvalitni ,sladové tluée“ se tyto valce musi
ostfit (ryhovat) a vzdy spravné sefidit (Chladek, 2007). Zivotnost
téchto dilt je zavisla pfedevsim na pouzitém materialu a jeho tepel-
ném zpracovani.

DalSim nepfiznivym faktorem je i vysoka vzdusna vlhkost, ktera
urychluje korozni napadeni. Tento negativni aspekt se projevuje pre-
devsim u strojnich linek v kone¢né fazi vyroby piva. Jedné se o pIné-
ni piva do lahvi a kegu. V této ¢asti vyroby jsou kladeny i zvy$ené
hygienické naroky na samotné strojni zafizeni. Vysoka vzdusna vih-
kost, kyselé nebo alkalické Cistici prostfedky zvySuji mechanicky
i korozni tlak na celou strojni linku (Zvonicek et al., 1972).

Cilem pfispévku je porovnat abrazivni odolnost bézné pouzivané
oceli C45E, ktera se vyuzivd na vyménitelné Casti dopravnikd,
s abrazivni odolnosti nerez oceli X20Cr 13 a X5CrNi 18-10. Tyto ma-
terialy budou testovany na zafizeni s brusnym platnem dle CSN
01 5084 (1974).

Mezi hlavni vyhody nerez oceli patfi zvy$ena odolnost vici koroz-
nimu tlaku i zachovani kvality povrchu. Nizké drsnost povrchu zaru-
Cuje odolnost proti vytvafeni Usad biologického materialu, ktery by
mohl ohrozit hygienu daného prostredi (Cihal, 1999).

Keywords: abrasive wear, steel, hardness, anticorrosion steel

1 INTRODUCTION

Basic condition of any production is transport of material. Brewing
industry is not an exemption in this. First stage in brewing operation is
preparation of and handling with malted barley; using belt, screw and
tray conveyors is necessary. As it is a movement of material, the main
reason of defects of the machine works is caused by abrasive wear of
fixed and moving machine works (Blaskovic¢ et al., 1990). In malt grist
production are grinder rollers most worn parts. In order to prepare
a quality malt beating, the rollers have to be sharpened (channelled)
and set (Chladek, 2007). Service life of these machine works de-
pends on the material used for its production and its heat treatment.

Further negative effect is high air humidity, which accelerates cor-
rosion attack. This negative effect appears in machine transport lines
in the final phase of beer production, where beer is filled to bottles
and kegs. In this production part is also place emphasis on hygienic
standards of the production equipment. High air humidity, acid or al-
kaline cleaners increase corrosion pressure on the whole production
line (Zvonicek et al., 1972).

The aim of this paper is to compare abrasive resistance of com-
monly used steel C45E, which is used for the replaceable parts of
conveyors, to stainless steel X20Cr 13 and X5CrNi 18-10. These ma-
terials will be tested on the equipment with abrasive cloth according
to the norm CSN 01 5084.

To the main advantages of stainless steels belong increased re-
sistance towards corrosion pressures and surface quality preserva-
tion. Low surface roughness guarantees resistance to sediments of
biological materials, which could endanger hygiene of the environ-
ment (Cihal, 1999).
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2 MATERIAL A METODY

Zivotnost mechanicky namahanych dilli je dana pfedevsim pouzi-
tym materidlem a jeho tepelnym zpracovanim. Pro pohyblivé mecha-
nismy se doporuéuje pouzit ocel tfidy 12 (Rasa, 2007).

V experimentu byla testovana ocel C45E a antikorozni oceli X20Cr
13 a X5CrNi 18-10. Jedna se o standardné pouzivané materidly
v technické praxi. Tepelné zpracovani bylo provedeno dle doporuéeni
vyrobce (viz tab. 1). Jako porovnavaci etalon slouzi tepelné nezpra-
covana ocel C45E.

Po tepelném zpracovani byl proveden metalograficky vybrus
a analyzovany strukturni slozky. Nasledovalo méfeni mikrotvrdosti
jednotlivych fazi pomoci Hannemanova mikrotvrdoméru. Rovnéz
bylo provedeno méfeni makrotvrdosti metodou HRC. Pro porovnani
abrazivnich vlastnosti danych materialt byl proveden test dle CSN
01 5084.

3 VYSLEDKY

3.1 Metalograficka analyza

Cilem metalografického pozorovani je urcit kvalitu dané oceli. Jed-
na se predevsim o Cistotu a strukturni slozky po tepelném zpracova-
ni. Pro tuto analyzu byl pouzit metalograficky mikroskop Neophot 21.
ZvétSeni struktur je 800x. Metalografické preparaty jsou dale pouzity
k méfeni mikrotvrdosti.

Cistota materidlu C45E je na vysoké drovni. Na testovanych vy-
brusech nebyly shledany zadné sirniky ani oxidy z vyroby. Jak je pa-
trné na obr. 1, strukturu tepelné nezpracované oceli tvofi smésice
feritu a perlitu. Po tepelném zpracovani (obr. 2) se razantné zvysi
disperzita perlitu. Tento aspekt ma zasadni vliv na tvrdost materialu
a rovnéz na abrazivni odolnost. Je nutné si ovsem uvédomit, ze na-
sledkem tepelného zpracovani se méni i houzevnatost daného ma-
terialu.

2 MATERIAL AND METHODS

Service life of mechanically stressed fitments depends on material
used for its production and its heat treatment. There is recommended
to use steel of the class 12 for the mobile fitments (Rasa, 2007).

In the experiment, there was tested steel C45E and anticorrosion
steels X20Cr 13 and X5CrNi 18-10. These are standardly used ma-
terials in technical praxis. Heat treatment was carried out according
to the producer's recommendations, see Tab. 1. Non-heat treated
steel C45E serves as a measurement standard.

After the heat treatment, metallographic scratch pattern was pur-
sued and the structure elements were analyzed. Afterwards, micro-
hardnes of the individual phases by Hanneman§s microhardness
measurement was carried out as well as measurement of macro-
hardness by the HRC method. In order to compare the abrasive fea-
tures of the individual materials, test according to the norm CSN
01 5084 was carried out.

3 RESULTS

3.1 Metallographic analysis

The goal of the metallographic observation is to assess the quality
of analyzed steel, especially cleanness and structure elements after
heat treatment. Metallographic microscope Neophot 21 was used for
this analysis. Magnified 800x. Metallographic specimens are used for
microhardness measurements afterwards.

Purity of the material C45E is on a high level. Neither sulphides nor
oxides were found in the material. As is apparent from the Fig. 1,
structure of not-heat treated steel is formed by a mixture of ferrite
and pearlite. After the heat treatment (Fig. 2), the density of pearlite
increases rapidly which affects significantly material hardness as
well as abrasive tolerance. However, material ductility changes as
a result of heat treatment as well.

Tab. 1 Tepelné zpracovani ocelovych vzorkd / Heat treatment of steel samples

Kaleni / Quenching Popousténi / Tempering
Pouzita ocel / Austenitizace / Vydrz / Ochlazovaci Ohiev / Ochlazovani
Steel used Austenitization Soaking time médium / Heating médium /
[°C] [min] Coolant [°C] Coolant
C45E 800 20 Oil 550 vzduch / air
X20Cr 13 1000 20 Oil 600 vzduch / air
X5CrNi 18-10 Dodano od vyrobce / Delivered by the producer

Obr. 1 Ocel C45E bez tepelné uUpravy / Fig. 1 Steel C45E without
heat treatment

Obr. 2 Ocel C45E kaleno + popusténo / Fig. 2 Steel C45E quenched
+ tempered
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Obr. 3 Ocel X20CrNi 18-10 od vyrobce / Fig. 3 Steel X20CrNi 18-10
from a producer

Nerezové oceli tfidy 17 mGzeme rozdélit do tfi kategorii. Jedna se
o oceli austenitické, martenzitické a feritické. Pro experiment byla zvo-
lena ocel austeniticka (viz obr. 3), kde je struktura tvofena pouze aus-
tenitem. Tento materidl se vyznacéuje vybornou korozni odolnosti. Dru-
ha testovana ocel je typu martenzitického, kdy po vhodném tepelném
zpracovani Ize dosahnout strukturu typu popusténého martenzitu, viz
obr. 4. Tyto oceli jsou vhodné do slabé agresivniho prostredi.

3.2 Mikrotvrdost testovanych vzorkd CSN EN ISO 6507-1

Méfeni mikrotvrdosti bylo provedeno pomoci Hannemannova mik-
rotvrdoméru, ktery je soucasti metalografického mikroskopu Neo-
phot 21. Jedna se o klasickou metodu dle Vickerse. Do materidlu je
vtlacovan diamantovy jehlan o vrcholovém uhlu 136 ° silou 0.9806 N.
Podle délky uhlopfi¢ek je ndsledné odectena mikrotvrdost HV.

Méreni mikrotvrdosti bylo provedeno na souboru tfi vzork( od kaz-
dého materidlu. Jednotlivé hodnoty mikrotvrdosti, viz tab. 2.

3.3 Mé&feni makrotvrdosti CSN EN ISO 18265

Vyslednd tvrdost ocelové sou€ésti ma znacnou vypovidajici
schopnost o jeji zivotnosti a celkovém opotfebeni (Dillinger et al.,
2007). Méfeni tvrdosti bylo provedeno na péti vzorcich metodou
HRC, viz tab. 3. Z vysledného aritmetického priméru je ziejmé, ze
na vyslednou tvrdost méa zasadni vliv obsah uhliku obsazeny v oceli.

Obr. 4 Ocel X20 Cr13 kaleno + popusténo/ Fig. 4 Steel X20 Cr13
quenched + tempered

Stainless steels class 17 can be divided into three categories; there
are austenite, hardenite and ferritic steels. Austenite steel (see Fig. 3),
whose structure is formed by austenite only, was used for the experi-
ment. This material has outstanding corrosion tolerance. Further test-
ed steel is the hardenite type; where by using an appropriate heat
treatment structure of tempered hardenite can be achieved, see Fig. 4.
Both of these steels are suitable in poor aggressive environments.

3.2 Microhardness CSN EN ISO 6507-1

Microhardness was measured with Hanneman microhardness de-
vice, which is a part of a metallographic microscope Neophot 21,
using a standard Vickers method. A diamond-tipped cone of 136°
using the force of 0.9806 N is indented into the material. According to
the length of diagonals the HV microhardness value is read.

The measurement was undertaken using three samples for each
metal layer. The individual microhardness readings are shown in Tab. 2.

3.3 Macrohardness CSN EN ISO 18265

Resulting hardness of a steel part correlates with its service life
and total wear (Dillinger et al., 2007). The measurement was pursued
on five samples using the HRC method, the results were put in
Tab. 3. From the average is apparent that the resulting hardness is
affected significantly by the carbon content in the steel.

Tab. 2 Mikrotvrdosti jednotlivych strukturnich fazi / Microhardness of the individual structure phases

Popustény Austenit
Ferit / Perlit / martenzit / Austenit / zbytkovy /
Pouzita ocel / Used steel Ferite Pearlite Tempered Austenite Austenite
hardenite residual
[HV] [HV] [HV] [HV] [HV]
C45E bez TU / without heat treatment 194 305 - - -
C45E kaleno + popusténo / quenched + tempered - 481 - - 227
X20CrNi 18-10 od vyrobce / from a producer - - - 188 -
X20 Cr13 kaleno + popusténo / quenched + tempered - - 908 — 218
Tab. 3 Tvrdost pouzitych materidl(i / Hardness of used materials
Pocet méreni / Order of measurement Pramér /
Pouzita ocel / Used Steel 1 2 3 4 5 Average
[HRC] [HRC] [HRC] [HRC] [HRC] [HRC]
C45E bez TU / without heat treatment 4 5 5 4 4 4.4
CA45E kaleno + popusténo / quenched + tempered 32 30 29 32 32 31.0
. . . Touto metodou nelze dany material méfit /
X20CrNi 18-10 dodano od vyobee / from a producer This material cannot be measured by this method
X20 Cr13 kaleno+ popusténo / quenched + tempered 28 27 | 27 | 28 | 28 | 27.6
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3.4 Zkouska opotiebeni dle CSN 01 5084 3.4 Testing of wear according to the norm CSN 01 5084
Laboratorni zkouska opotfebeni na brusném platné vychazi The laboratory testing of the wear on abrasive cloth is based on
z CSN 01 5084 (obr. 5). ZkuSebni vzorek je uchycen v drzaku a je  the norm CSN 01 5084 (Fig. 5). The tested sample is held in a holder
pritlacovan zavazim k brusnému platnu. Béhem zkousky se horizon-  and pressed by a weight to the abrasive cloth. During the testing, the
talni kotou¢ s brusnym platnem otagi, pfitom se testované téleso po-  horizontal disk with the abrasive cloth is rotated and the tested body
sunuje od stfedu k okraji brusného platna. Po stanovené délce tfeci  is moved from the centre to the edging of the abrasive cloth. After the
drahy koncovy spinag stroj zastavi. Vzorky jsou o€istény a zvazenim  given length of the wearing course, the terminal switch will stop the
je stanoven hmotnostni Ubytek, viz tab. 4. machine. The specimens are cleaned and the weight decrease de-
termined by weighing, see Tab. 4.

Pomérna odolnost proti opotrebeni @ byla stanovena podle vztahu: Proportional resistance against wear ® was set according to relation:
, met me[

hmotnostni — @ = m by weight — @, =
kde: m, —hmotnostni Gbytek etalonu [g] where: m_, — etalon weight decrease [g]

m,,, —hmotnostni ubytek vzorku [g] m,,, — specimen weight decrease [g]
Podml'nkyvlabolratornl' zkousky: Conditions of the laroratory test:
— tvar zkusebniho vzorku: krychle 10 x 10 x 10mm — form of the testing specimen: cube 10 x 10 x 10mm
— pocet vzorkd kazdého testovaného materialu: 3 — specimen number of each tested material: 3
— porovnavaci etalon: tepelné nezpracovana ocel C45E — comparing etalon: steel C45E without heat treatment
— délka treci drahy: 250m — length of the friction course: 250m
— primér otacejici se desky: 480 mm — diameter of the revolving disc: 480 mm
— max. kluzna rychlost zkuSebniho télesa: 0,5 m.s™ — max. sliding speed of the tested body: 0.5 mxs
—mérny tlak: 0,32 N.mm=2 — specific pressure: 0.32 Nxmm?
— radialni posuv zkusebniho télesa: 3 mm.ot" — radial motion of the tested body: 3 mmxturns™
— brusné platno: korundove, zrnitost 120 — abrasive cloth: corundum, granularity 120

Tab. 4 Hmotnostni Ubytky testovanych materialti / Weight decreases of tested materials

Hmotnostni tbytky testovanych vzorka [mg] /
Weight decreases of tested samples [m,
Cislo méfeni / Number g : ples [mg]
Etalon / C45E X20CrNi 18-10 X20 Cr13
of the measurement . . Sax
Etalon kaleno + popusténo / od vyrobce / kaleno+popusténo /
CA5E quenched + tempered from a producer quenched + tempered
1 241 145 362 138
2 245 142 371 139
3 237 145 368 135
Pramérna hodnota ze 3 méreni /
Average value from 3 measurings 241 144 367 137
Pomérna odolnost proti opotfebeni @ /
Proportional resistance against wear @ 1.00 1.67 065 1.75

Obr. 5 Zatizeni k uréeni abrazivni odolnosti technickych materialt / Fig. 5 Equipment used for determination of
abrasive tolerance of technical materials
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4 DISKUSE

Vlivem opotiebeni dochazi az k 80% poruch strojli a jejich sou-
¢asti. Opotiebeni je nezadouci zména povrchu nebo rozmér( tuhych
téles, zplsobena bud vzajemnym plsobenim funkénich povrcha,
nebo funkéniho povrchu a média (Suchanek et al., 2007).

Zasadni vliv na zivotnost strojni linky ma pouzity material a jeho
tepelné zpracovani. Trendem je pouzivat materidly, které jsou odolné
jak abrazivni degradaci, tak i dal§im degradaénim vlivim, jako je na-
pfiklad koroze &i mechanicka unava (BartoniCek et al., 1966).

Jednou z moznosti je pouziti vhodnych antikoroznich oceli. Je nut-
né si ovéem uvédomit, Ze hlavnim faktorem je chemické slozeni
dané oceli a jeji tepelné zpracovani. Testy jednoznacné prokazaly
nizkou abrazivni odolnost austenitické oceli X20CrNi 18-10. S timto
koreluje i hodnota namérené mikrotvrdosti, kdy se namérené hodno-
ty pohybuji pouze okolo 188 HV. Opotfebeni testovanych vzork( do-
sahovalo az 367mg, coz je o 126mg vice nez u etalonové oceli
C45E. Typy austenitickych oceli nejsou vhodné na vyrobky strojnich
prvka, které jsou enormné abrazivné namahany. Naopak druha anti-
korozni martenziticka ocel X20 Cr13 po tepelném zpracovani dosah-
la hodnot mikrotvrdosti az 908 HV. Tato ocel dosahla rovnéz nejniz-
Sich hmotnostnich Ubytk( na brusném platné (137 mg). Pouzitelnost
tohoto materialu pro strojni linky je ovSem déna i jeho obrobitelnosti
a houzevnatosti. Dil¢i vysledky poukazuji na mozné vyuziti antiko-
roznich martenzitickych oceli u strojnich linek pracujicich ve zvyse-
nych koroznich podminkéch v prostfedi kvasného a pivovarského
primyslu. Ekonomicka naro¢nost je ovSem cca 2x vys$si nez pfi pou-
ziti béznych oceli.

5 ZAVER

Odstavka vyrobni liny je vzdy nezadoucim faktorem ve vyrobnim
procesu. Jelikoz vyrobni operace na sebe musi plynule navazovat,
mUze vypadek dil¢i ¢asti vést ke znaénym ekonomickym ztratam ce-
Iého procesu. V prostfedi pivovarského a kvasného priimyslu je pfi-
padnd ne¢ekana odstavka horsi z divodu prace s potravinou.

Od pocatecni faze dovozu sladového je€mene az po kone¢né pl-
néni lahvi a kegll se vzdy jedna o pohyb materialu. | kdyz kazdé
technické zafizeni ma svoji zivotnost, je zapotfebi vénovat pozornost
pouzitym technickym materialdm. JelikoZz pivovarstvi patfi do katego-
rie vyroby potravin, musi splfiovat pfisna hygienicka kritéria. Odol-
nost pouzitych materialu vici agresivnim cisticim prostfedkim je
tedy nezbytna.

Literatura / References

Bartonicek, R. et al., 1966: Koroze a protikorozni ochrana kova. Vyd.
1. Academia, Praha, 720 s.

Blaskovi¢, P, Balla, J., Dzimko, M., 1990: Triboldgia. ALFA, Bratisla-
va, 360 s.

Cihal, V., 1999: Korozivzdorné oceli a slitiny. Vyd. 1. Academia, Pra-
ha, 440 s.

CSN 01 5084, 1974: Stanoveni odolnosti kovovych materiali proti
abrazivnimu opotfebeni na brusném platné.

Dillinger, J. et al., 2007: Moderni strojirenstvi pro Skolu i praxi. Vyd. 1.
Europa — Sobotales cz, Praha, 612 s. ISBN 978-80-86706-19-1.
Chladek, L., 2007: Pivovarnictvi. Vyd. 1. Grada Publishing, Praha,

207 s. ISBN 978-80-247-1616-9.

4 DISCUSSION

Wear is a reason of 80% defects of machines and their parts.
Wear is a parasitic change of surface or size of solids caused either
by mutual working of functional surfaces or functional surface and
medium (Suchanek et al., 2007).

Used material and its heat treatment influence fundamentally the
service life of the production line. The trend is to use materials which
are both resistant towards abrasive wear and other degradation influ-
ences, such as corrosion or mechanical fatigue (Bartonicek et al.,
1966).

One option is to use appropriate anticorrosion steels. However, the
main factor is chemical structure of the steel and its heat treatment.
The experiment has showed that the austenite steel X20CrNi 18-10
has a very low abrasive tolerance. Microhardness values around 188
HV are a proof. The abrasive wear of these samples were up to
367mg, which is by 126 mg more than by the etalon steel C45E.
Austenite steels are not suitable for production of machine parts
which are enormously stressed.

On the other hand, martenzite steel X20 Cr13 after heat treatment
reached microhardness of values up to 908 HV. This steel showed
the smallest weight decrease on the abrasive cloth (137 mg). Usage
of this material for machine lines is also given by its workability and
ductility. Partial results show a possible usage of anticorrosion mar-
tenzite steels in machine lines operating in the environment with high
corrosion pressure, such as the environments of fermentation and
brewing industries. However, economic costs are double comparing
to common types of steel.

5 CONCLUSION

Cut off a production line is an unwelcome factor in the production
anytime. As the individual production operations have to concur to
the other, any failure can lead to economic losses of the whole proc-
ess. In the food industry, fermentation and brewing industries includ-
ing, is any unexpected fallout even worse because of the work with
rapidly spoiling materials (food).

From the opening stage of supply of malted barley to the final
stage of filling bottles and kegs, movement of material is omnipres-
ent. Even though every technical device has its own service life, it is
necessary to take into consideration the materials used for produc-
tion of machines and its parts. As the brewing trade belongs to the
food production, it has to follow strict hygiene standards and thus the
materials used in production lines have to be tolerant to aggressive
cleaners.

Rasa, J.: Strojnické tabulky 2, 2007: Scientia, Praha. 586 s. ISBN
978-80-86960-20-3.
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