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Szanowni Czytelnicy,

naukowcy z Politechniki Krakowskiej od lat 80. XX w. prowadzg badania nad zastosowaniem wodoru jako
paliwa. Pod koniec stycznia br. wynalazcy po raz pierwszy zaprezentowali publicznie swoje innowacyjne
rozwigzanie — ttokowy silnik spalinowy przystosowany do zasilania wodorem. Nad adaptacja 5-cylindrowego
przemystowego silnika Scania pracowat zespét naukowcow z Katedry Pojazdéw Samochodowych PK pod
kierunkiem prof. Marka Brzezanskiego. W najnowszym rozwigzaniu postuzono sie catg wiedzg zdobytg we
wczesniejszych pracach, ale takze wprowadzono nowe, autorskie elementy. Silnik wymagat gruntownego
przebudowania do korzystania z wodoru jako paliwa. Naukowcy zaprojektowali i wykonali caty nowy system
spalania wraz z ttokami, systemem doprowadzania paliwa (niektore jego elementy zostaty wydrukowane
na drukarkach 3D), uktadem zaptonowym, modutami przepustnicy sterowanymi silnikiem krokowym
i oprogramowaniem silnika. Podczas prezentacji prof. Brzezanski powiedziat, ze Jezeli produkcja wodoru
z odnawialnych Zrddet ruszy petna parg, to w okresie przejsciowym ewolucji motoryzacyjnej mozna stosowac
wodor do ttokowych silnikow spalinowych. Najwieksza zaletg tego rozwigzania sa korzysci dla zdrowia ludzi
i Srodowiska — brak emisji toksycznych sktadnikow spalin oraz brak emisji dwutlenku wegla. Co istotne, naukowcy
z PK prowadzg badania nad wykorzystaniem wodoru wielotorowo i oprocz adaptac;ji silnika, wspétpracuja
z koncernem Toyota przy pracach dotyczacych ogniw wodorowych, a takze opracowujg wtasne konstrukcje
(m.in. silnik jednocylindrowy z nowatorskim systemem bezposredniego wtrysku wodoru do komory spalania).

Takie informacje cieszg szczegdlnie w obliczu trwajacej transformaciji ekologiczne;j.

W biezgcym numerze prezentujemy artykut pt. ,Skrawalnosc stali stosowanych na ztgczki przeznaczone
do wody pitnej”, a celem przedstawionych w nim badan byto wyznaczenie wtasnego indeksu skrawalnosci
materiatéw stosowanych w firmie SANHA Polska. W pracy ,Analiza energochtonnosci procesu rozciggania
drewna iglastego poddanego dziataniu wody morskiej” autor opisat badania wytrzymatosci mechanicznej
drewna nasgczonego stong wodg, ktére dowiodty, ze nasgczanie wptywa w rézny sposob na parametry drewna
w zaleznosci od jego gatunku. W artykule pt. ,Niektore aspekty monitorowania réznych proceséw w rolnictwie
z wykorzystaniem zjawisk emisji akustycznej” autorzy wykazali, ze technika emisji akustycznej jest przydatna
do monitorowania i pomiaru transportu oraz mieszania koncentratéw paszowych i innych sktadnikow. Metoda
ta idealnie nadaje sie do wskaznikéw alarmowych przeptywu/braku przeptywu, nie wymagajac kalibracji

i jedynie podstawowego wsparcia elektronicznego.

Zachecamy Panstwa do nadsytania artykutéw naukowych, informacji na temat wydarzen w branzy czy
recenzji publikacji z dziedziny inzynierii materiatowej. Caty czas przyjmowane sg zamowienia na prenumerate

JInzynierii Materiatowej” w 2024 r., ktéra jest dostepna w trzech réznych wariantach.

Zyczymy przyjemnej lektury!
Anna Skurzewska
Sekretarz Redakcji

INZYNIERII MATERIALOWEJ
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Ekologiczne paliwo
z Politechniki Gdanskiej

Naukowecy z Politechniki Gdanskiej we wspotpracy z kolegami
z Politechniki Warszawskiej opisali nowy sposob otrzymywania
eteru dimetylowego (DME), atrakcyjnej i ekologicznej alternatwy
dla oleju napedowego (ON), LPG i LNG. DME jest bezbarwnym
gazem, stosowanym obecnie w réznych gateziach przemystu:
chemicznym, kosmetycznym czy farmaceutycznym, ale takze
w kuchenkach gazowych, zamiast propanu-butanu. Mozna go
wytwarzac z réznych surowcow, takich jak gaz ziemny, wegiel lub
biomasa. Najpierw z gazu ziemnego w reakgji z ditlenkiem wegla
powstaje tzw. gaz syntezowy, a nastepnie gaz ten jest zamieniany
w eter pod duzym cisnieniem w nowatorskim uktadzie i w obecno-
Sci stworzonego przez zespot katalizatora. — Zardwno katalizator,
ktory zostat przez nas poddany modyfikacjom, jak i reaktor naszego
demonstratora zostaty zgtoszone do ochrony patentowej. Opraco-
wana przez nas metoda zapewnia wiekszg optacalnos¢ ekonomicz-
ng i energetyczng w procesie tworzenia eteru. Dzieki badaniom
w demonstratorze udowodnilismy ostateczng koncepcje technolo-
gii, ktdra nadaje sie juz do bezposredniego wdrozenia — informu-
ja naukowcy. Nowe paliwo nie emituje toksycznych, tworzgcych
smog czastek statych, tatwo jest go skropli¢, przechowywac
i transportowac. Niestety, jako paliwo oparte na weglowodorach
nadal w czasie spalania emituje ditlenek wegla, a przy tym dostar-
cza mnigj energii niz tradycyjne paliwa.

Projektem o nazwie ,Nowa technologia otrzymywania eteru
dimetylowego z matych ztéz weglowodorow” o wartosci ponad
10 min zt kierowat dr inz. Andrzej Rogala z Katedry Inzynierii Pro-
cesowej i Technologii Chemicznej Politechniki Gdanskiej. Prze-
prowadzono go w ramach programu POIR 4.1.1, konkurs nr 1
w programie INGA, na zlecenie PGNiG (obecnie grupy Orlen SA).
Teraz w ramach umowy podpisanej z Orlen naukowcy z PG, wyko-
rzystujgc zbudowang przez siebie instalacje, bedg pracowali nad
produkcjg metanolu z odpadowego ditlenku wegla.

Zrédto: Nauka w Polsce

SGGW ma metode na twardsze drewno

Zespot naukowedw pod kierownictwem dr. inz. Marka Grzes-
kiewicza z Katedry Technologii i Przedsiebiorczosci w Przemysle
Drzewnym Szkoty Gtéwnej Gospodarstwa Wiejskiego (SGGW)
opracowat metode zageszczania drewna, a w konsekwencji zwiek-
szania jego twardosci. Zmodyfikowane w ten sposéb drewno
jest mniej podatne na dziatanie wilgoci i bardziej odporne na
dziatanie ognia. Metoda poczatkowo byta stosowana w odnie-

INZYNIERIA MATERIALOWA « MATERIALS ENGINEERING

sieniu do drewna bukowego. P&zZniej dr M. Grzeskiewicz wraz ze
wspotpracownikami przeprowadzat wieloletnie eksperymenty,
aby lepiej poznawac¢ wtasciwosci nowych materiatéw (drewna
modyfikowanego) w réznych wariantach i zastosowaniach. Jak
informuje uczelnia, technologia wykorzystuje dziatanie podwyz-
szonej temperatury na drewno o wilgotnosci wiekszej o kilka pro-
cent niz w wyrobie finalnym. Ogrzewanie drewna prowadzi do
rozmiekczenia ligniny, a nastepnie elementy z drewna poddawane
sg stopniowemu, pulsacyjnemu prasowaniu z zastosowaniem
wysokich cisnien pomiedzy ogrzewanymi potkami prasy. W cza-
sie procesu ulega obnizeniu wilgotnos¢ drewna. Caty proces,
w zaleznosci od tego, czy prasowane sg cienkie materiaty czy tez
grube deski, trwa od kilkunastu minut do ponad godziny. Metode
mozna stosowac zaréwno do drewna naturalnego, jak i do drew-
na poddanego wczesniej réznym modyfikacjom, np. modyfikacji
chemicznej lub termicznej. Stopien zageszczania mozna dowolnie
regulowac. Naturalng granicg sprasowania drewna tg metoda
jest uzyskanie gestosci drewna zblizonej do gestosci substanc;ji
drzewnej. W takim przypadku uzyskuje sie materiat bez porow,
o bardzo wysokiej twardosci i wigzkosci (od zageszczonego ele-
mentu drewna podczas jego obrébki trudno oderwac kawatek).
— Po zakoriczonym procesie uszlachetniony element moze by¢
nawet o 50% cienszy w stosunku do swojej wyjsciowej grubosci,
w przypadku drewna krajowych gatunkow, takich jak olcha, sosna,
buk, dab. Warto tu jednak zaznaczyc, ze do uzyskania nowych,
pozadanych wtasciwosci drewna, w wyniku jego zageszczenia, nie
potrzeba az tak ekstremalnego dziatania. Wystarczy zmniejszy¢
grubosc¢ elementu o 20—30%, by uzyskac zadowalajgce efekty, na
przyktad prawie dwukrotny wzrost twardosci materiatu — mowi
dr inz. Marek Grzeskiewicz, tworca metody. Drewno zageszczo-
ne metodg opracowang przez badacza z SGGW wykazuje wiele
wtasciwosci, ktére mogg mie¢ znaczenie dla firm z branzy wykon-
czenia wnetrz, budowlanej oraz producentow specjalistycznych
narzedzi, galanterii drzewnej, a nawet wytworcow instrumentow
muzycznych.

Przeprowadzone na SGGW badania wykazaty, ze opracowana
metoda modyfikacji drewna bardzo dobrze sprawdza sie w przy-
padku odmian drewna o niskiej gestoscii o stabych parametrach
technicznych. W Polsce takim drewnem jest m.in. topola, bardzo
nisko ceniona nawet w kategorii drewna opatowego. Okazuje sie,
ze drewno topoli, poddane metodzie zageszczenia i utwardzenia
uzyskuje ulepszone wtasciwosci. W komunikacie czytamy, ze Jesli
dodamy do tego fakt, ze topole stosunkowo szybko rosna, moze
sie okazac, iz gatunek ten bedzie powszechniej wykorzystywany
przez branze przetwodrstwa drzewnego. Wszystko jednak zalezy od
producentow — na ile bedg oni zainteresowani nowg technologia
modyfikacji drewna i od dostepnosci tego materiatu na rynku.

Opracowana przez dr. Grzeskiewicza metoda zageszczania
drewna zostata objeta ochrong patentowg. Obecnie uczelnia po-
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szukuje wsrod producentow wyrobdw z drewna partnerow, ktorzy
zechca wykorzysta¢ walory modyfikowanego drewna w branzy.

Zrédto: Nauka w Polsce
Grafit z biomasy i odpadéw

Naukowcy z Wojskowej Akademii Technicznej, Akademii Gor-
niczo-Hutniczej, Politechniki Warszawskiej i Uniwersytetu War-
szawskiego zajeli sie zagadnieniem syntezy grafitu ze sztucznych
polimerow i doszli do wniosku, ze naturalny grafit wytwarzany
z paliw kopalnych mozna zastgpi¢ sztucznym, produkowanym
z odpadow polimerowych i biomasy. Wyniki swoich badan opu-
blikowali w czasopismie Carbon 2024, 218, 118717.

Syntetyczny grafit mozna wyprodukowac z wielosktadniko-
wych kompozytow. Badacze przeanalizowali, jak rézne sktadniki
takich kompozytowych surowcow wptywajg na proces konwers;ji
do grafitu. Wykazali, ze w specyficznych warunkach katalityczna
grafityzacja (tzn. grafityzacja wspomagana zelazem) moze za-
chodzi¢ w obnizonej temperaturze, mimo obecnosci tak nieko-
rzystnych zanieczyszczen, jak np. siarka. Zdaniem naukowcow
stanowi to krok w kierunku tanszej produkcji sztucznego grafitu
z szerokiej gamy powszechnie dostepnych surowcoéw odpado-
wych.

Poszukiwanie nowych metod syntezy grafitu z surowcow nie-
zaleznych od rynku paliw kopalnych jest waznym trendem w na-
uce. — Grafit — materiat stosowany do produkcji otowkdw — znalazt
sie ostatnio w centrum geopolitycznej zawieruchy — powiedziat
PAP dr hab. Wojciech Kicinski, wspotautor pracy z WTC WAT.
Przypomniat, ze zaostrzono kontrole eksportu z Chin wysokiej
czystosci grafitu syntetycznego i grafitu naturalnego ptatkowego
oraz wytwarzanych z nich produktéw. To element rywalizacji go-
spodarczej dotyczgcej m.in. elektromobilnosci. Chiny kontroluja
okoto 90 proc. swiatowego rynku grafitu stosowanego do produkcji
baterii do samochoddw elektrycznych. Grafit naturalny jest obec-
nie klasyfikowany jako surowiec krytyczny przez Unie Europejska
i Stany Zjednoczone, a zapotrzebowanie na ten materiat bedzie
szybko wzrastac. Grafit naturalny znajduje sie na liscie surowcow
0 znaczeniu strategicznym i krytycznym dla Polski. Podkreslit
jednak, ze obecnie najwiecej grafitu w skali przemystowej zu-
zywa sie do produkgji stali, a nie do produkcji baterii do samo-
chodow elektrycznych. Z szacunkow autorow pracy wynika, ze
w 2018 . $wiatowa produkcja grafitu osiggneta ok. 2,41 mint (wtym
950 tys. t grafitu naturalnego i 1,46 min t grafitu syntetycznego).
W tym czasie Chiny wyprodukowaty 630 tys. t grafitu naturalnego
i 780 tys. t grafitu syntetycznego, czyli odpowiadaty za 68% Swiato-
wej produkcji grafitu naturalnego i 54% syntetycznego. — W jednym
osobowym samochodzie elektrycznym na baterie litowo-jonowe
jest okoto 70 kilogramdw grafitu — a to ponad 10 razy wiecej niz
litu. Ale Zzeby grafit naturalny trafit do baterii, najpierw musi by¢ od-
powiednio oczyszczony i uformowany, co powoduje znaczne straty
i w rzeczywistosci masa grafitu naturalnego konieczna do wypro-
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dukowania jednego samochodu osobowego przewyzsza znacznie
100 kg. Grafit syntetyczny jest rdwniez powszechnie stosowany
w produkcji aut elektrycznych, ale jest drozszy od naturalnego,
a do jego produkcji i tak stosuje sie paliwa kopalne (koks naftowy
i pak weglowy). Dlatego poszukuje sie alternatywy — uzasadnit
dr hab. W. Kicinski.

Zrédto: Nauka w Polsce

Bateria lodowa

Naukowcy z Politechniki Wroctawskiej i specjalisci z firm Wenti-
ma i Rawlplug opracowali baterie lodowa, ktéra gromadzi nadwyzki
energii w postaci tzw. energii chtodu i w postaci ciepta oddaje jg
pdzniej, np. w czasie, gdy prad jest drozszy. System moga wykorzy-
sta¢ gtéwnie przedsiebiorstwa, ktére potrzebujg duze ilosci energii
cieplnej. Rozwigzanie zintegrowano z procesem produkcyjnym
przedsiebiorstwa Rawlplug. Ice Battery System pobiera energie
elektryczng, kiedy jest ona tansza, np. w nocy, i wykorzystuje ja
do przemiany czynnika roboczego w stan staty, czyli do jego za-
mrozenia. W czasie, kiedy za prad trzeba ptaci¢ wiecej, urucha-
miane jest rozmrazanie, w czasie ktérego wydzielane jest ciepto. —
W systemie IceBattery wykorzystane zostaty przemiany fazowe
do gromadzenia energii chtodniczej. Bateria umozliwia bardziej
efektywne gospodarowanie energig. Roztadowujemy ja, gdy zuzycie
i cena energii sg najwyzsze. Urzgdzenie petni wiec role stabilizatora,
energetycznego bezpiecznika, ktory pozwala na dostosowanie zu-
Zycia energii do taryf, gdyz wiekszos¢ firm ptaci wiecej za energie
w dzieri niz w nocy. System baterii lodowej pozwala na bardziej
efektywne — a przez to rowniez bardziej ekologiczne — gospoda-
rowanie energia przez operowanie na peakach i off-peakach. |..]
Odzyskiwane z baterii ciepto jest wykorzystywane np. w procesach
wtrysku, gdzie podgrzewane sg specjalne formy wtryskowe. Proces
musi zachodzi¢ w odpowiedniej, stabilnej temperaturze — powie-
dziat serwisowi Nauka w Polsce jeden z konsultantow wynalazku
dr inz. Piotr Piechota z Wydziatu Mechaniczno-Energetycznego
Politechniki Wroctawskiej. Co wazne, bateria moze pobierac tez
energie z innych zrédet niz tylko sie¢. Zamontowane juz urzadzenie
korzysta np. z nadwyzek energii produkowanej przez miejscowe
panele fotowoltaiczne. Moze jednak gromadzi¢ tez tzw. ciepto
odpadowe, ktére w réznych zaktadach powstaje w wyniku proce-
sow produkeyjnych. Na przyktad firma Rawlplug, dzieki gromadze-
niu energii z taryfy nocnej i nadwyzki z baterii stonecznych, przy
ostroznych zatozeniach, w ciggu roku jest w stanie zaoszczedzic¢
energie rowna tej, jakg zuzywa w czasie 56 dni.

Inng duzg zaletg wynalazku jest tatwos¢ utylizacji, wynikaja-
ca z budowy baterii, ktora sktada sie gtownie z wody, tworzywa
i stali. Taka potrzeba ma jednak wystepowac rzadko, poniewaz
w przeciwienstwie do akumulatoréw elektrycznych, bateria lodowa
prawie sie nie zuzywa. Tworcy systemu Ice Battery informujg, ze
dzieki modutowej budowie jego podtgczenie do systemu produk-
cji nie wymagato jego modyfikacji. Jednak, jak zwraca uwage
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dr Piechota, system musi by¢ kazdorazowo zoptymalizowany pod
katem danego zastosowania.

Zrédfo: Nauka w Polsce

Implanty kosci dopasowane do
indywidualnych potrzeb pacjenta

Dagmara Stota z Katedry Inzynierii Materiatowej Politechniki
Krakowskiej zaktada swoj pierwszy zespot badawczy w ramach
programu LIDER NCBR. Zesp6t bedzie pracowat nad bioaktywnym
materiatem, z ktérego mozliwe bedzie drukowanie implantéw ko-
sci dopasowanych do indywidualnych potrzeb danego pacjenta,
zwtaszcza kosci twarzoczaszki. Implant przypominajacy natu-
ralng tkanke kostng bedzie stymulowat komorki kosciotworcze
do namnazania sie. Naukowcy postanowili skomponowac taki
materiat (wraz z technologig jego otrzymywania), ktéry docelowo
bedzie mogt zosta¢ wykorzystany do drukowania 3D personali-
zowanych implantow do tkanki kostnej. — Chcemy skupic sie na
poczatku na implantach kosci twarzoczaszki. Wazne sa tu nie tylko
aspekty estetyczne, takie jak przywrdcenie symetrii konturdw twa-
rzy, ale rowniez wptyw nowego materiatu na funkcje kosci — takie
Jjak funkcja oczodotu, jedzenie czy tez mowa. Czaszka odpowiada
tez za ochrone najwazniejszego organu ludzkiego ciata — mozgu,
stanowigcego centrum uktadu nerwowego. To wszystko nakresla
nam cel, jakim jest wtasnie opracowanie materiatu do drukowania

MADE IN POLAND @

3D implantdw kostnych — wylicza w rozmowie z serwisem Na-
uka w Polsce Dagmara Stota. Materiaty, ktore majg miec¢ kontakt
z organizmem zywym muszg zostac¢ przebadane na szeroka skale.
Naukowcy bedg dazyli do tego, aby implant miat wytrzymatos¢
czy tez twardos¢ zblizong do naturalnej kosci. Planowane sg ba-
dania in vitro, czyli w szkle w symulowanym srodowisku biolo-
gicznym, a ostatecznie zostanie sprawdzone bezpieczenstwo in
vivo. — Pragniemy, aby nasz materiat cechowat sie pewnymi nowymi
cechami w stosunku do innych, obecnie dostepnych materiatdw do
biodruku. Jednym z zatozen jest bioaktywnos¢. Oznacza ona, ze
implant bedzie stymulowat komorki kosciotworcze do namnazania,
co przetozy sie na szybszg rekonwalescencje pacjenta. Rowniez
sktad fazowy materiatu ma przypominac naturalng tkanke kostka.
Bedzie troche porowaty, a to umozliwi wrastanie w niego naczyn
krwionosnych, co z kolei zminimalizuje ryzyko przemieszczenia —
wyraza nadzieje Dagmara Stota. Badaczka jest przekonana, ze
wydruk personalizowanych, innowacyjnych implantow technologig
druku 3D umozliwi pacjentom szybszy zabieg, skracajgc tym sa-
mym czas oczekiwania. Podkresla takze, ze w prowadzonym przez
nig projekcie nowoscig bedzie sktad materiatu i jego zdolnosc¢
do przyspieszania procesow regeneracyjnych. — Implant bedzie
bazowat na polimerach, ktdre bedg odpowiednio modyfikowane,
aby zwiekszy¢ bioaktywnos¢ — mowi badaczka i zaznacza, ze
szczegoty dotyczgce sktadu implantu musza zostac tajemnicag,
poniewaz na rynku nie ma jeszcze materiatu o takiej kompozycji,
jakg zatozyta wraz z cztonkami grupy.

Zrédfo: Nauka w Polsce

Przygotowata mgr Anna Skurzewska
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Machinability of steels used for drinking water installation fittings

Skrawalnos¢ stali stosowanych na ztaczki przeznaczone
do wody pitnej
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' The machinability of two steels was assessed: 11SMnPb37 with reduced lead content and lead-free 11SMn30 steel. Turning tests were performed based :
: on the selection of parameters, as a result of which the tool will be worn after 1 minute. The evaluation took into account power consumption, chip shape, :
. changes in the surface layer and surface roughness. The tests are aimed at determining the own index of machinability of materials used in SANHA
: Polska. The generally available machinability index has to be adapted to each application [1]. This adaption is often pretty time and cost consuming. :
i Therefor we are looking for a fast and cheap alternative for the rich machine park with various machining properties. The developed methodology :
and the obtained results are the basis for further research conducted as part of the implementation doctorate, the aim of which is to implement the :
: production of well-machinable lead-free materials for drinking water installation, characterized by good solderability and corrosion resistance. :

Keywords: machinability, free-cutting steel, surface layer, tool wear

: Przeprowadzono ocene skrawalnosci dwach stali: 11SMnPb37 z obnizong zawartoscig otowiu i bezotowiowej stali 11SMn30. Préby toczenia wykonano
: w oparciu o dobdr parametréow, w wyniku ktorych narzedzie zostato zuzyte po czasie T min. Przy ocenie wzieto pod uwage pobdr mocy, ksztatt
i wiora, zmiany w warstwie wierzchniej materiatu i chropowato$¢ powierzchni. Badania miaty na celu wyznaczenie wtasnego indeksu skrawalnosci :
: materiatow stosowanych w SANHA Polska. Ogélnie dostepny wskaznik skrawalnosci musi by¢ dostosowany do danego zastosowania [1]. Taka :
adaptacja jest czesto dos¢ czasochtonna i kosztowna. Dlatego przeprowadzono 1-minutowy test jako szybka i tanig alternatywe dla bogatego :
: parku maszynowego o roznych wiasciwosciach obrobczych. Opracowana metodyka i otrzymane wyniki stanowig podstawe do dalszych badan :
: prowadzonych w ramach doktoratu wdrozeniowego, ktérego celem jest wdrozenie do produkcji dobrze skrawalnych materiatéw bezotowiowych :
* przeznaczonych do instalacji wody pitnej, charakteryzujacych sie dobrg lutownoscig i odpornoscia na korozje. 3

: Stowa kluczowe: skrawalnos¢, stal automatowa, warstwa wierzchnia, zuzycie narzedzi

1. INTRODUCTION

Free-cutting steels play a significant role in the production of
fittings in cutting processes. For a long time, lead free-cutting
steels have been classified as the material of first choice for ma-
chining [2], because lead in free-cutting steels processed at low
cutting speeds, using high-speed steel tools, reduces friction at
the tool-chip interface. In addition, lead reduces the cutting force
and the contact length of the tool with the chip, and also creates
a liquid layer on this contact, which lowers the friction coefficient.
Lead also increases the angle of the shear plane [3].

Currently, many legal regulations limit the use of Pb as an
alloying element. For example, in accordance with the RoHS 111 di-
rective (Restriction of Hazardous Substances), the lead content in
homogeneous materials for medical applications and for supervi-
sion and control devices in industrial facilities cannot exceed 0.1%
Pb [4]. However, in the case of materials used for the production
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of products for drinking water installations, in accordance with
the DWD 2020/2184 directive, for all new materials in contact with
drinking water, the lead content in tap water should not exceed
5 ug/L[5].

Machinability is the susceptibility of the workpiece material
to machining [1, 6, 7]. When selecting steel intended for machi-
ning, there are many important requirements regarding the main
criteria for assessing machinability, including: tool life, chip sha-
pe, cutting forces and surface quality, as well as the necessary
properties of the processed material, which allows the use of
technological possibilities offered by machine tools, production
processes and cutting tools [8]. To properly assess machinability,
the assessment should include all the criteria mentioned, but
their importance is usually not equal and one may dominate and
the other criteria may be less important [1]. Machinability can be
expressed as a percentage or normalized value [6]. The Ameri-
can Iron and Steel Institute (AISI) has determined machinability
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ratings for a wide range of materials and assigned SAE 1112 (DIN
10S20) steel a machinability rating of 100%. The machinabili-
ty rating in this case is determined by measuring the weighted
average of the normal cutting speed, surface finish and tool life
for each material. Metal with a machinability rating of less than
100% indicates that it is more difficult to machine than SAE 1112,
and materials with a rating greater than 100% indicate that it is
easier to machine [7]. In addition, the assigned rating is also the
relative speed that should be used for a given material in order to
achieve a given tool life, e.g., a material with a rating of 50 should
be machined at a speed approximately equal to half the speed
used for a material with a rating of 100 [9].

Another approach to assessing machinability involves equiva-
lent cutting speed. This is the speed that causes flank wear within
60 min. This cutting speed is called economic cutting speed.
However, a tool life of 60 min is no longer economical. Economic
tool life with minimal machining costs is approximately 10 min or
less for turning. Therefore, the appropriate cutting speed is much
higher than the tool life of 60 min [9].

Another approach is to correlate tool life and metal micro-
structure. Generally speaking, hard components in the structure
(oxides, carbides, inclusions) result in low tool life and vice versa.
Moreover, tool life is usually better when the grain size is larger [9].
This approach is developed through, among others, non-metallic
inclusion engineering. Pytel and Zadecki in their work [10] showed
that the improvement of the machinability of rolled products with
axial symmetry from lead-free free-cutting steels can be achieved
as a result of modifying the chemical composition of non-me-
tallic inclusions using bismuth. Steels of this type without the
addition of bismuth and lead are characterized by the presence
of deformed inclusions of type | manganese sulfide. As a result
of modification with Bi or Pb, non-metallic inclusions with a two-
-phase structure appear in the matrix, which are characterized
by a reduced aspect ratio, which in turn contributes to improved
machinability. Moreover, the machinability of free-cutting steels
with lead is comparable to the machinability obtained after adding
Biinstead of Pb to the steel.

Machinability index is an approximate value indicating the
machinability of various engineering materials. It should be noted
that the tools used to create indexes in the past are different from
those used today [9]. New engineering materials are also being
designed and new machining equipment is being created. All this
makes it necessary to check machinability in real conditions.

The methods listed above are time- and cost-consuming.
This severely limits the possibilities of performing tests in the
production plant. Therefore, the aim of this work is to create a
procedure that allows to quickly test various types of engineering
materials intended for drinking water installations.

Two steels were subjected to turning tests: TISMnPb37 with
reduced lead content and lead-free T1SMn30 steel. The evaluation
took into account power consumption, chip shape, changes in
the surface layer of the material and surface roughness. The
developed methodology and the results obtained constitute the
basis for further research, the expected result of which is the
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implementation of well-machinable lead-free materials in the
production, characterized by good solderability and corrosion
resistance.

Fig. 1. Microstructure of alloys with marked microstructural components:
a) 1T1SMnPb37, b) 11SMn30; 1 — lead precipitations, 2 — pearlite, 3 - ferrite

Rys. 1. Mikrostruktura stopéw z zaznaczonymi sktadnikami strukturalnymi:
a) 1T1SMnPb37, b)11SMn30; 1 — wydzielenia ofowiu, 2 — perlit, 3 — ferryt

2. EXPERIMANTAL
2.1. MATERIALS

The test material consisted of two cold-drawn solid bars
with a diameter of 100 mm for 1T1SMnPb37 and 105 mm for
11SMn30, and a length of 100 mm. The chemical composition
and mechanical properties of these steels are given in Tables 1
and 2, respectively. The microstructure of the tested alloys was
revealed using a 3% solution of nitric acid in ethyl alcohol (nital)
and is shown in cross-section in Fig. 1. In both cases, there is a
ferrite-pearlite microstructure with evenly distributed lead precipi-
tates. In the case of T1ISMnPb37 steel, the ferrite content is 86%,
pearlite 10%, and Pb precipitates are 4%. For 1T1SMn30 steel, the
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Table 1. Chemical composition of the tested materials
Tabela 1. Sktad chemiczny badanych materiatéow

Element content, % by mass.
Material
C Mn Si S P Pb
11SMnPb37 0.090 1.440 0.030 0.388 0.050 0.210
11SMn30 0.076 1100 0.020 0.302 0.054
Table 2. Mechanical properties of the tested metarials
Tabela 2. Wtasciwosci mechaniczne badanych materiatow
Material R, MPa RPM, MPa A, % HVS
11SMnPb37 520 495 13.5 167
11SMn30 440 294 29.6 174

ferrite content is 92.5%, pearlite 5% and lead precipitates 2.5%.
The microstructure of both steels is irregular and heterogeneous.
The grain size was determined according to ASTM E112 [11] and
in both cases the grain size G is 8.

2.2. METHODS

The most common operation during the production of fittings
at the plant is turning, which is why these steels were subjected
to longitudinal turning on a Haas CNC lathe. A DWLNR2525M08
turning tool was used for the tests, with a WNMG080408-MF4
insert tool, grade CP500 (Secotools tools), with a corner rounding
radius of 0.8 mm, made of sintered carbide. This is the tool insert
dedicated to both soft steel and copper alloys, which makes it po-
ssible to apply the above methodology to other materials used in
the company. Turning tests were performed in 4 passes, each 70
mm long. The remaining 30 mm was used to properly secure the
material in the machine holder. The assumption of the test was
that the tool would wear out after one minute. When selecting the

Table 3. Turning parameters
Tabela 3. Parametry toczenia

parameters, the company's most frequently used feed and cutting
depth were used, and then appropriate speeds were selected. For
this purpose, an online catalog from the tool supplier was used
[12], where the recommended speed values were obtained by
entering the feed and cutting depth parameters. To accelerate tool
wear, the maximum recommended speeds have been increased
by approximately 30%. The parameters used in relation to those
recommended by the tool manufacturer are presented in Table
3. A water-based emulsion was used for cooling.

During the tests, power consumption was recorded by writing
the values directly from the device's display after the process
had stabilized. The results were averaged. Power consumption
during turning has a direct impact on the machinability of the
material. Those with better machinability are characterized by
lower power consumption [7]. After the tests were completed,
the tool, machined parts and collected chips were analyzed. The
analysis of the tool aims to confirm that the selected parameters,
as intended, contributed to its wear after 60 s of the test. Tool wear
was assessed using light microscopy. The machining materials

Material Axial depth of cut ap, mm Cutting speed Vc, m/min Feed, mm/rev.
11SMnPb37 2 510 (221-347)* 0.155
11SMn30 2 500 (217-339)* 0.165

*recommended by the manufacturer [12]

8 12024

INZYNIERIA MATERIALOWA « MATERIALS ENGINEERING



were checked for changes in the surface layer and the surface
roughness was measured. Changes in the surface layer were
observed using a light microscope and Vickers microhardness
measurement at a load of 100 gf at a distance of 1.5 mm from
the sample surface into the material. Changes in the area closer
than 1.5 mm from the surface are negligible for the functional pro-
perties of the finished product, therefore they were not taken into
account in the assessment. The surface roughness classification
was made in accordance with PN-EN 1SO 1302:2004 [13]. Surface
roughness is important for two reasons — the surface quality of
the finished product and the adhesion of the zinc coating. In both
cases, Ra should not exceed 3.2 um. The chips were classified
according to PN-ISO 3685. The shape and size of the chips are
important for the quality of the finished product and processing
efficiency. The chips produced should be short, take up as little
space as possible and leave the machining zone easily. Otherwise,
they may get tangled on the workpiece or tool, scratch the surface
of the detail or take up much more space than the material before
processing [1].

(1) Length

b T |
' ; 1m_um'|
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3. RESEARCH RESULTS AND DISCUSSION

Figure 2 shows the microstructure of the surface layer of
1T1SMnPb37 and 11SMn30 steel after machining. In both ca-
ses, minor changes are visible at a depth of approximately 15
um caused by shear forces, which have no significant impact on
the finished product. Figure 3 shows a graph of the distribution
of microhardness from the surface into the materials. The me-
asured hardnesses compared to the hardness of the materials
as delivered confirm that there is no influence of turning on the
properties of the surface layer. Figure 4 shows the shape and
size of the chips. In the case of steel with lead, there are chips in
class 2 — tubular, short, while in steel without the addition of lead
there are also chips of the second category, but tangled. Power
consumption while turning 11SMnPb37 steel was 8.1 kW, and
for T1SMn30 steel 7.9 kW. The results obtained depend on the
hardness of the material as delivered. Steel with lead is softer (167
HV5), so higher friction resistance occurs than for lead-free steel,
hence the higher power consumption for 11SMnPb37. In both

%
P

Fig. Microstructure of the surface layer of steel after turning: a) 11SMnPb37 with the undeformed area, b) 11SMn30 with the undeformed area, ¢) 11SMnPb37 with the
maximum deformation depth marked, d) 11SMn30 with the maximum deformation depth marked

Rys. 2. Mikrostruktura warstwy wierzchniej stali po toczeniu: a) 11SMnPb37 z obszarem nieodksztatconym, b)11SMn30 z obszarem nieodksztatconym, ¢) 11SMnPb37
z zaznaczong maksymalng gtebokoscig odksztatcenia, d) 11SMn30 z zaznaczong maksymalng gtebokoscig odksztatcenia
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Fig. 3. Diagram of microhardness distribution from the surface into the material for the tested steels with a confidence interval of 0.95 marked
Rys. 3. Wykres rozktadu mikrotwardosci od powierzchni w gtab materiatu dla badanych stali z zaznaczonym przedziatem ufnosci 0,95

Fig. 4. Chip appearance after turning: a) 11SMnPb37, b) 11SMn30
Rys. 4. Wyglad wiéréw po toczeniu: a) 11SMnPb37, b) 11SMn30
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Fig. 5. Wear of rake face: a) 1T1SMnPb37, b) 11SMn30
Rys. 5. Zuzycie powierzchni natarcia: a) 11SMnPb37, b) 11SMn30
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Table 4. Summary results
Tabela 4. Zestawienie wynikow

INZYNIERIA MATERIALOWA @

Parameter

11SMnPb37

11SMn30

Surface layer

No significant changes

No significant changes

Chips shape and size

Class 2 — tubular, short

Class 2 — tubular, tangled

Power consumption

8.1 kw

79 kW

Roughness Ra

Class 7 (1.03 um)

Class 6 (1.42 um)

Cutting insert wear

Negligible

Negligible

cases, the process did not cause excessive load on the spindle.
As a result of tests on samples, high surface quality was obtained.
The Ra parameter for 11SMnPb37 was 1.03 pm - class 7, while for
T1SMn30 - 1.42 ym — class 6. T1ISMnPb37 steel is characterized
by lower roughness, which is related to the presence of lead in
the chemical composition and increased sulfur content than in
11SMn30. Figure 5 shows the wear of the tool insert. In both cases,
a similar nature of diffusion wear can be observed, there are no
build-ups, nicks, chips and cracks. Despite the parameters used,
in both cases the cutting tool can be used for further tests. Table
4 summarizes the obtained results.

4. SUMMARY AND CONCLUSIONS

The research carried out is experimental in nature. The idea
was to be able to conduct short turning tests on various types
of materials for comparative purposes. Based on the research
conducted, the following conclusions can be drawn:

Both steel grades are characterized by similar machinability.

There are changes in the surface layer visible at a depth of

approximately 15 um caused by shear forces that do not have

a significant impact on the final product.

The quality of the surface after turning is slightly better in the

case of steel with lead - class 7, Ra of 1.03 um, which is rela-

ted to the presence of S and Pb in the chemical composition,
compared to Ra = 1.42 um - class 6 for steel with limited lead
content.

Both materials have similar energy consumption — 8.1 kW for

T1SMnPb37 and 7.9 kW for 11SMn30. However, it should be

noted that in this case the power consumption depends on

the hardness of the material as delivered.

Better results in terms of chip shape were obtained in the case

of T1SMnPb37. The chip does not become tangled, which

causes it to be removed from the cutting zone faster.

Cutting insert wear is marginal in both cases, therefore the

main test assumptions were not met with the parameters

used.

Additional tests using new parameters are necessary (higher
cutting speeds, higher feed), as well as tests on other materials
used in the company - mainly copper alloys. This will allow you
to get a complete view of the changes occurring in the material
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at the end of the tool's life and compare all materials currently
used. However, this type of methodology can already be used as
a preliminary assessment of the machinability of materials for a
specific machining device.
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The woodworking industry is notorious for its use of wood, despite the availability of laminates and other sub-materials. In the marine industry, it is used :
:in the construction of boats, yachts, and other marine structures. In this study, tensile properties of coniferous species were examined as a function
. of salty water exposure for different periods of time. In coniferous woods such as pine, larch, and spruce, wood strength is determined by its ability to
i undergo tension and compression over time. Different mechanical strengths of wood soaked in water with a salinity of 7% were determined. According :
: to the data, the salinity value corresponds to the average salinity on the Polish Baltic coast. As a result of the experiments, it can be concluded that :
: the applied medium directly affects the species and structure of the wood. The parameters of wood are affected differently by soaking depending on :
: its species. The tensile strength of pine was enhanced after incubation in seawater. By soaking other specimens in saltwater for a certain period of :
time, the study demonstrated different strength parameters. Wood exposed to salty water was compared to native wood in this study to determine its :
: tensile properties. In conclusion, soaking wood in a certain medium significantly alters its mechanical properties. Analysis showed that all samples :
: had an average strength between 5.4MPa and 102.04MPa. There was a slight difference in strength results for each wood species over time despite
. subsequent treatment cycles. ]

Keywords: wood tension, stresses, salted water soaking, tensile strength along fibers, coniferous trees

: Zbadano wtasciwosci rozciggajace gatunkow drzew iglastych w funkcji ekspozycji na stong wode przez rézne okresy czasu. Okreslono rézne
: wytrzymato$ci mechaniczne drewna nasaczonego woda o zasoleniu 7%, ktére odpowiadato sredniemu zasoleniu na polskim wybrzezu Battyku. :
Stwierdzono, ze zastosowane medium wptywa bezposrednio na gatunek i strukture drewna. Nasgczanie wptywa w rézny sposéb na parametry drewna :
¢ w zaleznosci od jego gatunku. Wytrzymato$¢ na rozcigganie sosny zostata zwiekszona po inkubacji w wodzie morskiej. W badaniach wykazano :
: odmienne parametry wytrzymatosciowe, moczac rézne probki w stonej wodzie przez pewien czas. Drewno wystawione na dziatanie stonej wody
: poréwnano z drewnem naturalnym, aby okresli¢ jego wtasciwosci rozciggajagce. Namoczenie drewna w okreslonym medium znaczaco zmienia jego
¢ wiasciwosci mechaniczne. Analiza wykazata, ze wszystkie probki miaty Srednig wytrzymato$¢ 5,4-102,04 MPa. Zaobserwowano niewielkg roznice :
: wwynikach wytrzymatosci dla kazdego gatunku drewna w czasie, pomimo kolejnych cykli obrébki.

Stowa kluczowe: napigcie drewna, naprezenia, nasigkanie stong woda, wytrzymatos¢ na rozcigganie wzdtuz widkien, drzewa iglaste

1. INTRODUCTION and construction material. According to authors [2, 6, 7], wood

has the greatest vulnerability to the elements. Depending on the

The ancients treated wood with NaCl to increase its durability
and fire resistance, but focusing on their properties can lead to
new and innovative uses. The development of new applications
is essential to maximizing the potential of this process. The use
of wood for shipbuilding spans a few thousand years, yet no
value, feature, or advantage has remained unchanged for such
a long time [1-4]. The wood used in wooden constructions is
commonly conifer wood, which is prone to decay from fungi in
wet environments [5]. Generally, wood requires a preservative to
maintain its service life [6, 7). Timber is still the most important
raw material for building vessels, including hulls, spars, and interior
fittings. In combination with modern adhesives and preservatives,
natural wood texture, color, and smell make it an ideal boatbuilding
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environment and climate where a material is used, its structure
varies. Due to this degradation, wood objects developed without
protection suffer from deteriorated physical and strength
properties, resulting in a lower level of durability. Knowledge of
physics, chemistry, and biology are required for the protection
of wood against degradation factors [8, 9]. For materials used
in construction and boatbuilding, a proper assessment of their
impact is especially important, as weakening of their strength can
lead to catastrophic consequences [10] such as the destruction
of wooden floors or decks.

In the case of water exposure or high relative humidity, wood
could lose structural integrity [5]. One of the main characteristics
of wood is its hygroscopicity, which is essential for its strength.
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Water content causes wood to shrink or swell depending on
its moisture content [11-13]. In the wood industry, protective
states are used to prevent decay and insect infestation [3, 14].
At this moisture level, fungi and insects will not grow or develop.
Physical factors affecting wood degradation include moisture
content changes, mechanical factors caused by loading, and
ultraviolet radiation. Wood is particularly vulnerable to swelling
and shrinkage since they cause deformation and cracking [15,
16). Wood can be compromised by fungi and insects when it
has cracks that allow them to easily access the interior. This
reduces the materials performance for building or carpentry.
Consequently, boats should be constructed from wood with a
healthy amount of moisture. In boat construction, wood should
not exceed 20% moisture content, unless it is usually moored.
It is recommended that the sheathing under the waterline has
a moisture content of above 20%, while masts and ship joinery
should have a moisture content of 10-15% [17, 18]. The durability
of wood that is constantly submerged in water or buried in the
earth increases with the weaker the air permeability and the
lower the temperature fluctuation. Compared to sand soil, turf
soil prevents wood from deterioration better [2].

In wood, moisture levels fluctuate below fiber saturation
points, causing dimensional changes. In addition to changing
the cross-sectional shape of wood, shrinkage and swelling can
alter the dimensions of carpentry joints as well, causing warping,
cracks, carburization (release of stresses during sawing or other
processing that results in warping), internal control, and cell
distortion, resulting in undulations in lumber. The shrinking and
swelling of wood impedes its use in this regard. It is possible to
improve the dimensional stability of wood through a variety of
methods. Plywood, particleboard, fiberboard, and other products
can be mechanically modified, hydrophobic coatings (paint or
varnish) can be applied, swelling treatments (keeping the wood
swollen with salt, sugar, polyethylene glycol or synthetic resin),
or other treatments (thermal or chemical). Coatings reduce the
exchange of moisture between wood and the atmosphere, which
reduces the change in dimensionality of used wood. Moisture
content in wood is primarily responsible for dimensional problems.
In contrast, the wood should have a moisture content within the
range of what is expected at the specified location at the time
of use. In this way, shrinkage and swelling are minimized as the
moisture content changes.

The novelty of NaCl treated wood research lies in the
use of modern methods and technologies, enabling a better
understanding of the mechanisms involved in this process and
the efficient, cost-effective, and environmentally friendly use
of these technologies and methods [19]. In conjunction with
analysis methods, studying NaCl treatment under real conditions
enables a better understanding of the changes inside wood
under real conditions. According to how the selected material
was treated in a salt solution, tensile tests were also required.
It was assumed that various types of environmental conditions
would be detectable after the raw material had been properly
prepared. Several parameters can be adjusted within the NaCl
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treatment process to optimize the efficiency and effectiveness of
the process. The salt concentration, the period of treatment, and
the temperature were taken to account. Physical and mechanical
properties of the materials will be determined during testing.
Furthermore, the research will determine how salting the raw
material will affect its strength as well as how it will impact its
drying process [20-22].

2. EXPERIMENTAL
2.1. MATERIAL

The research starts with different types of raw wood samples
analyze. Southern Poland has a climatic zone ideal for growing
coniferous and deciduous trees. In this study, Scots pine (Pinus
sylvestris L), European larch (Larix decidua), and Norway spruce
(Picea abies) woods were used. Europe’s timber market is domi-
nated mostly by these three species in terms of raw materials
[23]. The high quality and value of these wood species make
them popular in the construction, furniture, and paper industries.
The mechanical properties of wood depend on where it was ha-
rvested. For this research, materials were collected from the se-
ashore zone of the Debica Forest District up to fifty kilometers
from the seacoast. The research used more often the heartwood
of trees, since wood structures require high strength. This wood
was classified as class B due to small surface defects, which did
not affect its strength and usability.

The composition of wood consists of a mixture of organic
materials containing four basic chemical elements: carbon, hy-
drogen, oxygen, and nitrogen. The carbon content of absolutely
dry wood is 49.6%, the hydrogen content is 6.3%, and the oxygen
content is 44.2%. The amount of nitrogen in wood varies from
0.12% to 0.18%. According to the species of wood, wood conta-
ins both organic and mineral substances, in a range of 0.2-1.7%
[9, 24]. These substances, which can be found in cell membranes
and organelles, form carbon, hydrogen, and oxygen complexes.
Among the major components of wood are hemicellulose, cel-
lulose, and lignin [25, 26]. There is a mixture of tannins, resins,
gums, dyes, essential oils, fats, and alkaloids in the cells of plants.
Approximately 40-60% of the cellulose substance that makes
up the cell membrane has a basic structure. The material has
a fibrous structure and is very durable because it has a fibrous
structure. The cell membrane, which is a major component of
wood, is typically composed of lignin and hemicelluloses in con-
junction with 18=35% hemicellulose.

2.2. METHODS
2.2.1. THE MATERIAL NaCl TREATMENT

Research was carried out to determine the energy necessary
to measure wood samples durability, modified in medium
salinity water solutions. This study was based on a previous
analysis published in the literature [3, 4, 27]. The test required
the preparation of standardized wood samples from Scots pine
(Pinus sylvestris L.), European larch (Larix decidua), and Norway
spruce (Picea abies). Tests involved placing standardized samples
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in a cuvette containing NaCl solution, followed by tensile tests.
With distilled water and sea salt, sixty liters of water were filled
into a basin with specimens. To prepare the NaCl solution, 7 g of
salt with 1000 g of water in the correct ratio were mixed [3-5].
The salinity of 7% NaCl is the same as that of the Polish Baltic
Sea. The samples were immersed in salt water in each cycle and
then removed from the container as required. Depending on the
wood species, the samples underwent four soaking cycles. In
the test procedure, wood samples of each species were soaked
separately for two weeks, four weeks, and six weeks in cycles |,
I, and IlI.

As a result of the study, wood properties were compared to
those of the native material after NaCl cycling. Three stages of
sample preparation were carried out, each soaking for varying
amounts of time in water. Two weeks were required to prepare
the cycle solution. It took four weeks to complete cycle Il, and six
weeks to complete cycle Ill. The wood should be soaked in an
unsaturated salt solution. This reduces the chances of crystals
forming on the wood surface. The weight of the sample was
taken into account to estimate the amount of liquid absorbed by
it during immersion. According to the test methodology [3, 4], the
samples were removed from the container and dried at 103°C in
a laboratory chamber. The samples must be prepared according
to the required moisture content before the strength test [28]. To
standardize the moisture content of all samples, the samples
were placed in a conditioned chamber for an extended period.
The sample moisture content remained at 12% after two weeks
[3, 4]. The procedure for measuring moisture content was repeated
each time before testing to determine the results. The samples
were stored in airtight containers to ensure proper storage and
quality control.

2.2.2. TENSILE TESTING

To determine the strength of the modified wood, it was
necessary to conduct tensile tests along the fibers to analyze its
strength. In this study, Scots pine (Pinus sylvestris L.), European
larch (Larix decidua), and Norway spruce (Picea abies) wood
materials were tested. The shape of each sample [29] and the
moisture content were standardized before testing [4]. Tests of
fiber tensile strength were conducted in the laboratory using an
Instron 3382 testing machine (Norwood, MA, USA). To perform
the tensile test, a clamping fixture was installed. Test clamps,
measurement computers with Instrom IX software, a testing
machine and test clamps were used to test tensile strength. The
static tensile test was considered finished when the specimen
completely failed after being torn in two.

Materials are often tested using tensile tests to determine
their mechanical properties [14, 16]. The test measures present
how much force is required to pull a material apart, which
helps to determine the strength and stiffness of the material.
Additionally, a test can provide information about the material’s
stress and strain. The test procedure involves characterizing
the material under tension and then subjecting it to the test
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procedure. During the analysis process of the specimen, it is
also possible to determine the parameters of the material that
influence the amount of deformation that occurs. According
to the manufacturer’s specifications, various tensile tests were
conducted according to the standard [14]. The results of the tests
were used to determine the material's mechanical properties,
such as tensile strength and elasticity modulus [30—32]. This
information was then used to compare the material to other
similar materials.

2.2.3. STATISTICAL ANALYSIS OF VARIANCE
ANOVA

In order to perform the statistical analysis of the results of the
study, an analysis of variance method was used as the method of
statistical analysis. Based on a statistical hypothesis, it describes
how statistical analysis is performed. Null hypotheses (HO) imply
no significant differences between groups, while alternative
hypotheses (H1) suggest that differences exist between groups.
The collection of data on a specific parameter is incredibly
important if we want to be able to rigorously test the hypotheses.
Analysis of variance compares the differences in variances
between groups, as well as the variances within groups. There
can be a number of contributing factors that affect the dependent
variable, so a full multivariate or a univariate statistical analysis
will be conducted, depending on how many contributing factors
there are. The study’s results were analyzed using analysis of
variance (ANOVA). For the purpose of determining whether the
samples in this study were homogeneous or not, Duncan’s post-
hoc test was used in this study.

The ANOVA process requires that certain assumptions
be met, such as that the data distribution is normal and the
variances between the groups are equal. The assumptions are
then verified by performing an analysis of variance, and the result
is then interpreted based on the p-value. It is important to note,
however, that a p-value of less than 0.05 will indicate that there is a
significant difference between the two groups, which means that
itis significant enough to reject the null hypothesis. The validity of
a post hoc test can be established by obtaining significant results
for the test. Statistical analysis will be conducted using ANOVA
with Duncan'’s post-hoc test to determine if the samples belong
to a homogenous group. Statistical analysis and interpretation
of results are possible with the use of ANOVA, which includes
formulation of hypotheses, data collection, meeting assumptions,
and statistical analysis.

2.3. RESULTS
2.3.1. ANALYSIS OF THE TENSILE PROCESS

The tensile test results indicate that different wood species
will have different course changes. The anisotropic structure of
the wood is thought to account for the differentiated course of
the tensile process in the wood. In addition, distortions and lack
of linearity were observed during the static tensile process test
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for each species. There is a possibility that this disturbance could
be caused by cracking in the anisotropic structure of the material
itself. This anisotropic structure could also affect the mechanical
properties of wood. Studies are conducted to better understand
how the structure of wood affects the tensile process. Throughout
the testing, the grip of the testing machine moved at a constant
speed of v = 5 mm-s™. Each species of wood should exhibit a
characteristic change in force as a function of displacement, as
is the case for the quality of the wood being tested. The amount
of energy needed to tear the specimen depends on the area of the
hole that forms during the process of tearing the specimen. The
characteristics of a tensile process for pine wood are presented
in Figure 1.

The static tensile test was considered complete when the
specimen was destroyed after being torn in half. It can be obse-
rved from the diagram that the tensile process for the analyzed
material varied depending on the soaking cycle of the materials.
It was important to determine the strength of the test sample at
the initial stage since the material was anisotropic. Depending
on the number of cycles completed on the modified material,
there is a difference between the fracture speed and the original

100
90
80

Tension, MPaTension, MPa

0 5 10 . 15 20
Displacement, mm

Fig. 1. The characteristics of a tensile process for pine wood
Rys. 1. Charakterystyka procesu rozciggania drewna sosnowego

Table 1. The maximum elasticity displacement and yield stress values for pine wood
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material. The native sample, as well as the cycle Ill sample, had
the lowest displacement values among all the groups compared
to the other samples. Furthermore, the early stages of the pro-
cess were observed to be associated with arise in stresses in the
material as a result of strains applied. However, despite apparent
proportionality, yield strength was difficult to calculate due to
anisotropy in each case studied. Comparing material values with
basic hypotheses can help us understand how the studied para-
meters influence tensile strength. In the case of tensile testing,
factors such as anisotropy play a critical role in the process and
the test results are averaged.

The experiment showed that wood pine properties changed
under different loading cycles, in comparison to other materials,
demonstrating that wood pine is highly variable. The elastic mo-
dulus E of pine stretching can be calculated as the trend line
adjacent to the function whose coefficient determination R2 gives
the deviation value from the predicted function. According to the
elastic modulus of the material, it has moderate stiffness, and the
coefficient of determination indicates some agreement with the
theoretical model. Anincrease in stiffness is likely to be accompa-
nied by a double in elastic modulus in cycle I. It indicates that the
model fits well when the R? coeffi-
cientis high. Incycle Il, E represents
the elastic modulus, and the coef-
ficient of determination was fitted
well. The elastic modulus reached
its highest value in cycle Ill, with an
equally high R? value. There is a si-
gnificant impact of loading cycles
on several mechanical properties

® Native ]

of pine wood, based on the results.
Cycle| The values of maximum strain and
—@—Cycle || yield strength for pine wood are

Cycle I shown in Table 1.
The static tensile test for larch
wood confirmed the lack of lineari-
25 30 ty observed during static tensile

testing for each cycle. Stretching
of larch wood was characterized by
significant stress variation. The na-

Tabela 1. Maksymalne wartosci przemieszczenia sprezystosci i naprezenia plastycznosci drewna sosnowego

Cycle Elasticity modulus E, MPa Determination coefficient R? Maximum elasticity displacement, mm | Yield strength, MPa
Native 15.987 0.7865 5.090179 59.70331

| 38.997 0.9688 0.88321 31.09688

] 30.106 0.9873 0.969905 269732

1 48.055 0.9995 0.625039 29.26694
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Table 2. The maximum elasticity displacement and yield stress values of larch wood

Tabela 2. Maksymalne wartosci przemieszczenia sprezystosci i naprezenia plastycznosci drewna modrzewiowego

Cycle Elasticity modulus E, MPa Determination coefficient R? Maximum elasticity displacement, mm Yield strength, MPa

Native 17.814 0.8945 0.333326 5.42726

| 32.075 0.873 0.258231 719889

1l 20.527 09148 18.90149 2.808432

1 46.473 0.9456 0.616609 25.04054
L the material during the early stages
35 - — of the process. This suggests that

m . .

% —o—Cycle| the material was becoming more ela-
= 30 —e—Cyclell stic and ductile, which allowed it to
.g 25 Cycle Il stretch further without causing any
= permanent damage. Based on the
E 20 study, wood larch properties diffe-
= 15 red under different loading cycles, as
g‘ compared with other materials, de-
g 10 monstrating that wood pine proper-
@ 5 ties are highly variable. The material
modulus of elasticity indicated mo-
0 derate stiffness, and the coefficient
0 2 4 8 10 12 14 16 of determination indicated some

6
Displacement, mm

Fig. 2. The characteristics of a tensile process for larch wood
Rys. 2. Charakterystyka procesu rozciggania drewna modrzewiowego

tive cycle and cycle I, in which the specimen failed, showed that
the stress had almost fallen to zero before the specimen failed.
This suggests that the larch wood samples had an elastic limit
below which the stress was significantly reduced. larch wood
has an elastic limit, which determines its ability to resist stress.
This behavior was unexpected and was not observed in other
samples of larch wood. There may be an anisotropic structure in
the wood which explains the varying course of tensile behavior.
The anisotropic structure of the material may result in linearity
distortions on the graph. Other wood species have experienced
similar situations in the past as well. Depending on the soaking
cycle, larch wood samples are expected to demonstrate charac-
teristic force changes with displacement. The larch wood tensile
characteristics are shown in Figure 2.

The diagram shows that the tensile process for the materials
that were examined varied with the soaking cycle they received
during the tensile process. It was found that during the early
stages of the process, there was an increase in the resulting
stresses in the material as a proportion to the strains applied of
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agreement between the theoretical

model and the measurements. The

results indicate that loading cycles

have an impact on several mecha-

nical properties of larch wood. The

maximum elasticity displacement
and yield strength of larch wood are presented in Table 2.

In the case of the static tensile test of spruce wood, it was
also observed at the beginning of the process that partial lineari-
ty was not observed at the start of the test. The disturbance in
linearity can be seen in the value of the determination coefficient
R2 for natives and cycle |, especially when there is a disruption in
linearity in the case of natives and cycle |. The crack that appears
at the beginning of the process may be caused by the facts just
mentioned. There was also significant variation in the amount of
stress applied during the remainder of the larch wood stretching
process. There was a significant amount of variability, especially
in cycle |, which was visible. Multiple factors, rather than one spe-
cific factor, are likely to have contributed to the crack. Moreover,
the effects of this variation on the mechanical properties of spru-
ce wood may also be significant in terms of these changes in the
wood’s properties. Wood may exhibit variable tensile behavior due
to its anisotropic structure, micelle connections, etc. As a result of
this variability, wood may be less strong, stiffer, and tougher than
it otherwise would be. In addition to its mechanical properties,

INZYNIERIA MATERIALOWA « MATERIALS ENGINEERING



Table 3. The maximum elasticity displacement and yield stress values for spruce wood
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Tabela 3. Maksymalne wartosci przemieszczenia sprezystosci i naprezenia plastycznosci drewna $wierkowego

Cycle Elasticity modulus E. MPa Determination coefficient R? Maximum elasticity displacement. mm | Yield strength. MPa
Native 38.205 0.9688 1.058393 38.28358

| 27.520 0.8939 0.616489 14.04543

| 34.526 09464 1.225027 42.03038

1 46.710 0.9625 1.108318 4390674
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Fig. 3. The characteristics of a tensile process for spruce wood
Rys. 3. Charakterystyka procesu rozciggania drewna swierkowego

wood'’s performance may also be affected by its variability. The
stress increased linearly after exceeding the yield point in the
native case and cycle Ill but at large deformations. The typical
brittle structure of Cycle Il continued to persist and cracked as
a result. The tensile strength characteristics of spruce wood are
shown in Figure 3.

The graph clearly shows that one of the courses is more ir-
regular than the other based on the way it is represented on the
graph. There was an increase in force in each case as a result
of a rapid increase in stress at the beginning of the process and
this stress increased gradually as a result of exceeding the pro-
portionality limit, as opposed to deformation, which increased
slowly. The material became more and more flexible as time went
on. The material was stiffer at the beginning of the process, so
it could absorb less stress, which led to a more rapid increase
in force. When the material became more flexible, it was better
able to absorb stress, allowing its shape to change more slowly
as stress increased. Although the yield strength appeared to be
proportional, anisotropy caused difficulties in calculating it in
each case study. There has been evidence that the properties of
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spruce change with the amount and
duration of soak. The elastic modu-
lus of the material indicated mode-
rate stiffness, and the coefficient of
determination indicated that there
was some agreement between the

—8— Native .
| theoretical model and the measure-
Cycle| . .
ments when it came to the elastic
—8—Cycle i
i modulus. The results of the tests

indicate that soaking cycles alter

the mechanical properties of spruce

wood. The maximum elastic displa-

cements and yield strength of spru-

2 35 ce wood are presented in Table 3.

The research on pine, larch, and

spruce wood species was carried

out on three different species of

wood. To analyze the results, we

provide information related to the

cycle of soaking the material in the NaCl solution, the elastic

modulus E, the coefficient of determination R?, and the maxi-

mum elastic deformation and tensile strength of each sample.

In the light of these values, wooden mechanical properties can

be analyzed based on wood species and the duration of mate-

rial soaking. Comparing the tensile strength of pine in cycle Il

to those of other wood species and cycles, it can be seen that

the tensile strength of pine is reasonably low by comparison.

In comparison to its predecessors, larch wood exhibits a large

maximum elastic deformation in cycle Il. According to these

results, larch wood has higher mechanical properties than pine

wood and the duration of the soaking process has a great deal
of influence on the mechanical properties of the wood.

2.3.2. THE TENSILE PROCESS ENERGY
CONSUMPTION

The obtained test results were calculated to estimate the

amount of energy needed for static stretching. The total work
value that is calculated during the static stretching process
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Table 4. The integral equation of total tensile work
Tabela 4. Réwnania catkowe catkowitej pracy rozciggajacej

. . - Determination | Displacement |, | Total compaction
Total work carried out under specified conditions W_ coefficient R? mm T
0.001-1
Wipine native) = f 0.11x3 — 2.81x% + 23.57x 0.9871 14.290 2.4x10°
0
0.001-1
Wepine,cycte 1) = f —3x107°x° +2.5x 1073x> — 0.08x* + 1.3x3
0 09277 25.275 9.97x10°%
—9.37x% 4+ 31.38x
0.001-1
Wipine.cycte 11 = f —1%x107*x® + 6.6 X 10~*x5 — 0.17x* + 2.13x3
0 0.901 22483 8.5x10°
—12.7x% + 34x
0.001-1
Wipine.cycte 1) = j —2.53 X 1072x* + 0.83x3 — 8.67x2 + 34.6x 0.9061 13.580 318x10°
0
0.001-1
Wirarchative) = j 1.1x1073x> — 0.04x* + 0.46x% — 2.37x* + 7.44x 09452 15233 8.60x10
0
0.001-1
WiLarcn,cycte 1) = f —2.09x* + 14.69x* — 35.57x* 4+ 36.01x 09904 3325 1.99x10
0
0.001-1
Wiarencycte 1y = f 0.01x° — 0.31x* + 3.46x% — 16.49x% + 29.99x 09009 9.450 1.33x10°
0
0.001-1
Witarencycte 1) = j 0.09x° — 1.82x* + 13.08x% — 41.41x% + 57.41x 0.9305 7408 157x10°
0
0.001-1
Wispurcenvative) = f 0.01x° — 0.19x* + 2.6x* — 15.762x* + 43.515x 09433 13758 4711x10°
0
0.001-1
W, = —6x107°x°+3.5x 1073x° — 8.8 x 107%x*
(SpurceCycte ) jo + 0.8701 19.667 3.54x10°
+ 1.09x% — 6.59x2 + 18.37x
0.001-1
W(Spurce,Cycle ) = L 13.26x* + 22.56x 0.9669 1.225 1.7x10°
0.001:1
Wispurce,cycte 1y = f —0.1x* + 2.24x3 — 17.13x% + 51.8x 09232 10.258 2.72x10°
0
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indicates how much energy is required to tear the specimen based
on the grade and preparation parameters. As a model estimation
method, the Gauss-Newton least-squares method was used,
ensuring that the coefficient of determination R? was more than
0.9 throughout the entire estimation procedure. For the model to
fit the obtained data, the procedure ensured sufficient accuracy. It
was found that the third-degree polynomial was well fitted to the
described arithmetic function that described the model stretching
process of wood of different species in most cases. The integral
equation of total tensile work is presented in Table 4.

The determination coefficient shows the validity of using a
third-degree polynomial to describe the forces that arise during
the process to understand the changes. In accordance with
the methodology of selecting the polynomial according to the
determination coefficient, an increase in the accuracy of fitting
the function defining the compaction process was observed. In
cycle |, spruce was modified according to cycle |, in one case the
R? remains below 0.9 although a polynomial of the sixth degree
was employed; in another case, the R?is 0.8701. However, a trend
line was still fitted with a polynomial of the second degree if the
R? coefficient was equal to or greater than 0.900. According to
the value of the compaction force variation over time, for different
raw materials and types of modifications, the total work of the
compaction process of the material was calculated based on
the total work for the compaction process. Results of the study
showed that the multinomial fitted to the trend line correlated
closely with the total work involved in the material compaction
process. Due to the multinomial nature of the model, it may be
possible to use it to accurately predict how much effort will be
put into the entire process.

2.3.3. STRENGTH TESTING

Based on the results of the static tensile tests, the results are
in accordance with the current standard. In the case of the pre-
pared samples, the tensile process was carried out at 22°C in the
laboratory. To determine how much the samples deformed during
the tensile process, the forces applied to them in special holders
were measured. To calculate the material’s tensile strength, test
results were used. Calculating the tensile strength of a sample
involves dividing its cross-sectional area by its maximum load. In
order to determine the quality of the material, the tensile strength
was compared with the current standard. The pressure along the
fibers is expected to be higher during the stretch process than
when the fibers are arranged transversely since it is expected that
the fibers will be stretched along the fibers. Although anisotropic
materials cracked when stretched, they still had high stress va-
lues. Therefore, it was decided to introduce a yield stress, which
was measured up to the first crack on the surface. The tensile
tests performed on pine, spruce, and larch samples in native
(non-soaked) material were presented in Table 5.

Each cycle of testing was carried out along the length of the
fibers to determine tensile strength. Further statistical analysis of
the results revealed that it is possible to characterize the results
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Table 5. Native material tensile tests along fibers
Tabela 5. Préby rozciggania materiatu rodzimego wzdtuz wtdkien

Material Cycle | Tensile strength along the fibres, MPa (SD)*

Native 72.46 (17.27)>¢

| 91.20 (2.80)°

Pine
Il 39.71 (9.09)2be

1 83.73(18.31)¢

Native 20.73 (11.82)>

| 16.02 (10.61)°

Larch
Il 18.91 (35.64)2b¢

1 37.40 (9.24)%b

Native 55.69 (32.37)¢¢

| 60.94 (28.92)>¢

Spruce
Il 42.03 (32.00)0°

I 62.43 (11.52)2

*SD - standard deviation, #>*¢— homogeneous group

in terms of the influence of the number of soaking cycles used
on the values of tensile strength values of the different species of
wood based on the results of further statistical analysis. As the
number of soaking cycles increased, the tensile strength decre-
ased. In some species, the decline was more marked. Statistical
analysis showed that species with the highest tensile strength
values had the lowest decrease in tensile strength with an incre-
ase in cycles. Based on the statistical analysis conducted, there
was significant variation between the measured parameters as
well as a correlation between them. Considering the correlation
among the analysed indicators, there was no significant influence
on the correlations, which was further confirmed by the statistical
significance value of p = 0.131. The empirical value of F(6, 24) =
1.854 was consistent with the degree of significance value of
p = 0.131. The averages of the analysis of the influence of the
number of applications of soaking cycles in salted water on the
tensile strength values of a given wood species were presented
in Figure 4.

For individual samples, pine, larch, and spruce wood showed
different effects according to the post-hoc Duncan test. It was
found that the degree of significance for the statistical analysis of
the strength parameters of the samples from the analyzed wood
species was lower than the accepted level of significance alpha
equal to 0.05 for the statistical analysis of the strength parameters
of the samples from the analyzed wood species. Therefore, the
average effects of soaking cycles on tensile strength differ when
analyzed according to the number of cycles. A homogeneous
group of individuals is formed by the three kinds of wood analy-
zed here, pine, larch, and spruce. Tensile strength parameters of
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prepared samples were previously analyzed by analyzing soaking
cycles in NaCl. In this case, the degree of significance p was hi-
gher than the acceptable alpha significance level of 0.05, which
was not statistically significant at this time. The tensile strength
parameters of the samples measured in successive soaking cyc-
les were analyzed statistically to determine their effects on the
test wood's parameters. In spite of the material type, the strength
of the sample did not significantly change with the number of
cycles. According to the post-hoc test, only one univariate group
was found with all low-squares averages for the soaking scores
for each assailant.

2.4. DISCUSSION

Based on the results of the experiments, the medium had
some non-significant effects on the structure of the wood spe-
cies. Wood treatment affects not only the strength of the wood,
but also the strength of the materials based on the strength of
the wood. Physical parameters of the wood depend on the kind of
wood that had been soaked. There may be differences between
one species of wood and another in terms of density, porosity,
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and moisture content. These parameters make wood strong and
stable, and durable [8, 31, 32].

Analyzing the test results relating to the mechanical pro-
perties of the different types of wood [21-23], some important
conclusions can be drawn. Considering pine trees in their natural
state, it has been observed that the elastic modulus (E) of the
pines is 15.987 MPa, and the maximum elastic strain is 5.09 mm.
It appears that treating pine wood can improve its mechanical
properties, as the values are higher for pine |, Il, and Ill. Moreover,
there was an increase in the tensile strength of so-pine Il (83.73
MPa) along the fibers, which might be useful in structural applica-
tions such as wind turbines. Similarly, after six weeks, a significant
increase in strength can be observed, although this increase is not
immediate. Based on the results, it can be concluded that pine,
like similar species that are also po-positive in seawater, is also
po-positive in freshwater.

As part of the testing process, larch wood will be tested next.
Despite its low modulus of elasticity, larch is naturally incredi-
bly elastic, having a modulus of 17.814 MPa. These values also
increase in larch cycle I, Il and Ill, that can be attributed to the
beneficial effect of the treatment process on the mechanical
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properties of the wood. The tensile strength of larch cycle I1l, the
strongest wood species used in this study, was 46.473 MPa along
its fibers. There was the lowest strength difference between the
arch and the other woods, based on the results of the analyses.
larch wood, as well as other species of wood, showed an increase
in strength only if samples were soaked for a period of four to six
weeks before testing.

According to the modulus of elasticity values for spruce cycle
I, 1, and Ill, the modulus of elasticity of the wood is significantly
higher than that of the wood when it is in its natural state. The
mechanical properties of spruce wood improve more after treat-
ment, so it is more likely to improve mechanical properties after
treatment. The tensile strength along the fibers of spruce cycle Ill
is the highest among the three species (62.43 MPa, which is the
highest). The results of the study showed that wood treatment
processes significantly improved the mechanical properties of
wood, especially its modulus of elasticity and tensile strength.
The ratings for each type of wood are increased with the num-
ber of treatment cycles, which makes it very easy to determine
if a material is suitable for a particular application based on its
characteristics. The values provided in this table can assist in
determining wooden structures’ mechanical properties if they
require them [21].

The strength results of tensile strength tests indicate that
in certain cases there is a small improvement when analyzing
larch species in particular. Following successive soaking cycles,
the samples’ strength parameters will improve, as shown in the
graph below. larch species gain more tensile strength when they
are soaked in water for longer periods of time. Cellulose and
lignin, which are super-absorbent and super-retentive, are abun-
dant in larch species. Based on some literature studies [15, 27],
it has been found that soaking pine wood in low-salt water for
two weeks can also reduce its lignin and hemicellulose content,
increasing its susceptibility to impregnation in the future, and
improving its resistance to external influences. Soaking pine wood
in water for a short period can also reduce its hardness, which
can make it easier to work.

3. CONCLUSIONS

An analysis of the mechanical properties of various coniferous
wood species soaked in seawater was carried out in this study.
Statistics showed that strength parameters improved slightly,
but not significantly. There was a high level of significance p
above the acceptable alpha significance level of 0.05. Testing
was conducted on samples of pine, spruce, and larch wood
for tensile characteristics during the study. It was found that
sample strength varied with the number of cycles for all materials,
regardless of material type. According to the analyses, all samples
had an average strength ranging 5.4-102.04 MPa. According to
the results, cycle Il pine showed the highest strength level of all
the trees tested. pine and larch strength increased from the fourth
to the sixth week of soaking. The strength results for each wood
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species varied slightly with subsequent treatment cycles and
didn’t necessarily improve.
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The technique of acoustic emission has been shown to be useful for monitoring and measurement of transportation and mixing of feed concentrates
: and other ingredients. This method is ideally suited for flow/no flow alarm indicators, requiring no calibration and only basic electronic support. If the :
: method is to be used for analysis of mixtures, the components must be sufficiently different in particle size or density. Besides that, the detection of :

: particle breakdown and damage should be possible.

: Keywords: acoustic emission, monitoring, measurement, agricultural products, food products, transportation, mixing, new technology, utilization

Wykazano, ze technika emisji akustycznej jest przydatna do monitorowania i pomiaru transportu oraz mieszania koncentratéw paszowych i innych :
: sktadnikow. Metoda ta idealnie nadaje sie do wskaznikow alarmowych przeptywu/braku przeptywu, nie wymagajgc kalibracji i jedynie podstawowego
: wsparcia elektronicznego. Jezeli metoda ma by¢ stosowana do analizy mieszanin, sktadniki muszg roznic¢ sie dostatecznie wielkoscig czgstek lub :
. gestosciag. Poza tym powinno by¢ mozliwe wykrywanie rozktadu i uszkodzer czastek. :

Stowa kluczowe: emisja akustyczna, monitoring, pomiary, produkty rolne, produkty spozywcze, transport, mieszanie, nowa technologia, utylizacja

1. INTRODUCTION

Most process noise is considered to be a nuisance, and often
many efforts are spent to reduce it [1]. However, a change in the
noise generated by a process is frequently the first indication that
there has been a change in the state of the operation, and besi-
des that it is the principle that led to the development of acoustic
emission sensing phenomena [2]. For example, boiling water can
be sensed by listening to it to detect the noise of bubble formation
and collapse. The many bending and cracks produced by a process,
which all contain information about the state of the operation [3],
send stress waves through the process plant to a point where
they can be detected by a special sensor, and analyzed to give a
variety of the process parameters — which are often not available
by any other method [4]. The information obtained depends on the
application and the complexity of the signal processing, but could
range from a simple flow/no flow indicator for powders to textural
characteristic of expanded extruded products, or complicated mi-
xing multistage processes [5].

A wide range of dry agricultural and food materials as: com-
plete animal feed, fibrous materials, maize meal, potato flour,
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fruits, vegetable, bone meal, proteins need to be transported or
mixed together or with other ingredients [6]. It is connected with
a process on a factory scale or just on the farm scale.

We define the size of granule as anything from 1to 7 mm [7].
Powders contain three particle types: primary particles, aggrega-
tes and agglomerates. Aggregates are groups of primary partic-
les joined at their faces and having a surface area significantly
less than the sum of the areas of their constituent particles [8].
Agglomerate is a collection of primary particles and aggregates
which are joined at edges and corners, and the surface area of
the whole is not markedly different from the sum of the areas of
the individual components [9].

Various inter particulate forces exist in a dry powder. The most
basic are the van der Waal's forces, which are normally attractive
[10]. Electrostatic forces are also relevant where excess electrical
charges are retained by the particles, although this force is very
much smaller than the van der Waal's interaction [11]. There is
also a force of attraction, but this probably significant only at high
relative humidity. When the amount of liquid between the partic-
les is considerably larger, then inter particulate liquid bridges are
formed which increase the cohesion [12].
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Surface moisture has a profound effect — water bridges be-
tween particles increase agglomerate strength [13]. In general,
the smaller the particles the more important inter particulate
forces. For particles to flow freely, the force of gravity on each
particle must be grater than the force holding the particles to
each other [14].

Fibrous materials can be as follows: straw, hay, silage and ve-
getables. The mass of fibrous materials depends also on density
and moisture content [15]. Particle size of such materials varies
from 1 to 50 mm and depends on its intended use. They have
special elasticity and higher shear strength compared to granules
and lower resistance to abrasion, which arises from the shape
of the particles [16].

Granular components do not usually have constant properties
and can differ widely in physical characteristics. During trans-
portation or mixing granules change their relative positions in
response to movement and final arrangement may be mostly
random or there may be a tendency towards segregation [17].

Stress wave sensors are devices which open up new possi-
bilities in monitoring and controlling flow and mixing processes
[18]. They have recently become commercially available. These
sensors have been specifically designed to enable usable si-
gnals to be readily extracted from a wide variety of machinery
processes [19]. The sensors detect characteristic stress wave
originating from within flow or mixing processes [20]. A piezo-
-ceramic transducer detects the local surface displacements

1/2024

24

associated with the propagating stress wave and converts them
into electrical signals which are amplified and processed to pro-
vide information on the level of stress wave activity as a function
of time [21]. In Figure 1 signals from a powder feeder operated at
different speeds were illustrated.

In addition to increase in stress wave level detected at higher
flow rates the cyclic fluctuations in flow rate produced by the
screw feed mechanism can be clearly discerned in the stress
wave signal [22]. Depending on the application, the modulated
signal can be analyzed in the time domain (period and depth of
modulation) or alternatively in the frequency domain [23]. The
stress wave sensor concept has been made possible by the de-
sign in which both the piezo-ceramic transducer and the asso-
ciated electronic circuitry are incorporated within a thick film
hybrid circuit standard [24]. As a result of this level of integration
the outputs from the sensor can be fed directly into a range of
test and instrumentation devices [25]. Stress wave technology
sensors have been designed as narrow band devices. In this way
very low frequencies are highly attenuated by the sensor which
greatly simplifies the application of the sensors because of the
resulting insensitivity to ambient acoustic noises and vibrations
[26]. This also simplifies signal interpretation since the sensor
output can be regarded as relating to the source magnitude at
an endpoint frequency [27]. The sensor intervals are protected
both physically and electromagnetically by robust stainless ste-
el housing [28]. The housing design also includes a mounting
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tab which is specially designed to provide the transmission path
for the stress wave activity between the source as flow, mixing
processes, machine or structure, and the internal piezo-ceramic
transducer [29].

2. EXPERIMENTAL
2.1. MATERIAL AND METHODS

A simple application has been developed for monitoring of the
transportation feed concentrates [30]. A flowing material produ-
ces noise from frictional impacts as it slides over the surface of
its container. In the first instance, acoustic emission can be used
as a flow/no flow alarm, to warn of the presence or absence of the
feed concentrates [31]. However, with a little more complexity, the
flow rate can be determined, and with the addition of a second or
third sensor, particle breakdown or damage can be detected. In
certain cases, where a mixture of particulate products is being
conveyed, recipe analysis may be possible to ensure that the
correct proportions of each material are present [32]. The equip-
ment that has been used to explore this area is shown in Figure 2.

Three sensors are clamped to the outside surface of an in-
clined stainless-steel pipe, which is fed by a screw feeder. Each
of the three sensors respond to noise at a different ultrasonic
frequency: low, medium and high [33]. The use of the ultrasonic
components of the process noise in this work means that audible
noise from other equipment, and low frequency vibration do not
interfere with the useful signal. The output of the sensors is ampli-
fled, smoothed and logged. The feed concentrates were replaced
by a similar artificial material very close in physical and cohesion
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properties. There has been also added artificial powder material
to simulate mixture of the two material transportation [34].

2.2. RESULTS

Figure 3 illustrates the high frequency sensor response to
the mixture of artificial feed concentrate and artificial powder
concentrate.

The technique of acoustic emission has been shown to be
useful for monitoring the flow of feed concentrates. Described
method is ideally suited for flow/no flow alarm indicators, requ-

Acoustic emission signal for feed concentrates

350
300 X —+— Feed concentrates
° 100%
é = // +Powd°er
5 200 e et concentrates 5%
3 100 concentrates 10%
E 50 il —t Powder
p — concentrates 15%
—*— Powder
i g A concentrates 20%

Acoustic emission (Volts)

Fig. 3. High frequency sensor to the mixture of artificial feed concentrate and
artificial powder concentrate (own elaboration)

Rys. 3. Czujnik wysokiej czestotliwosci do mieszaniny sztucznego koncentratu
paszowego i sztucznego koncentratu proszkowego (opracowanie wtasne)

A

A

Fig. 2. Acoustic emission measurement of feed concentrates flow: 1 — feed concentrates, 2 — acoustic emission transducers with 3 frequencies: a — high, b — medium, ¢ -

low, 3 — amplifiers, 4 — data logger, 5 = PC, 6 — flow rate control (own elaboration)

Rys. 2. Pomiar emisji akustycznej przeptywu koncentratéw paszowych: 1 — koncentraty paszowe, 2 — przetworniki emisji akustycznej o 3 czestotliwosciach: a — wysoka,
b — srednia, ¢ — niska, 3 — wzmacniacze, 4 - rejestrator danych, 5 = PC, 6 — kontrola przeptywu dawki (opracowanie wtasne)
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iring no calibration and only basic electronic support. For flow rate
measurement the device will require on-site calibration at each
location, but requires a little other maintenance [35]. These ap-
plications would be suitable for any particular material, provided
there is a contact between the material and the container walls.

If the method is to be used for analysis of mixtures, the com-
ponents must be sufficiently different (in particle size or density)
to be distinguished. For instance, it will not work for a mixture of
milk powder, potato powder and flour, but would be suitable for
feed concentrates, a granulated product and agglomerate.

For the low-frequency sensor, the signal level is a function of
flow rate only, and is unaffected by the composition of the feed
concentrates and powder concentrates mixture flowing along
pipe. By combining the information from both sensors, using
the low frequency to obtain flow rate, and then determining the
proportion of fines from the high-frequency response, detection
of particle breakdown and damage should be possible.

For the mixture of artificial feed concentrates and artificial
powder feed concentrate, the medium frequency shows an in-
termediate response between the high and the low frequency. If
the mixture had tree components, for example feed concentrates,
corn silage and minerals, it may be possible, by careful selec-
tion of the frequencies, to use the third sensor as well, so that
the relative proportions of all tree materials could be measured.
The accuracy of this measurement depends on the nature of the
ingredients, but certainly a system of this kind could indicate a
gross error in the mixture — perhaps a missing component, or a
component accidentally added twice.

3. CONCLUSIONS

1. Acoustic emission has been shown to be useful for monitoring
of transportation of feed concentrates and other ingredients.

2. Described method is ideally suited for flow/no flow alarm
indicators, requiring no calibration and only basic electronic
support.

3. If the method is to be used for analysis of mixtures, the
components must be sufficiently different in particle size or
density.

4. In certain cases, where a mixture of particulate products is
being conveyed, recipe analysis may be possible to ensure
that the correct proportions of each material are present.

REFERENCES

[11  Barwicki J.: Acoustic emission related to a different agricultural
products during mixing and transportation. (Unpublished). Silsoe
Research Institute, England (1992).

[2]  Barwicki J., Phillips V.R, Stafford J.V.: Methods for determining
the end point of processes for mixing agricultural and food mate-
rials. Aliterature review and some concepts for the future. Silsoe
Research Institute, England (1990).

[3] Leatherhead Food Research Association — research materials,
England (2003).

1/2024

26

[15]

Romaniuk W.: Technological influence of milk production con-
cerning energy and costs of investment of family farms. Post
doctoral dissertation, IBMER, Warsaw (1996).

Stress Wave Technology - research materials, England (2004).
Barwicki J., Mazur K., Kieronczyk M., Borek K., Wardal W.J.,
Roman K.K.: Wptyw zakwaszania gnojowicy kwasem siarko-
wym na wybrane wiasciwosci fizykochemiczne gleb na przy-
ktadowych uprawach. Przem. Chem. 11 (99) (2020) 1600, DOI:
10.15199/62.2020.11.2.

Barwicki J., Mazur K., Borek K.: Some aspects of using automa-
ted electronic systems in development of modern agriculture.
Inz. Mat. 4 (2020) 13, DOI: 10.15199/28.2020.4.

Barwicki J.: General aspects and international regulations con-
cerning soil tillage conservation from the point of view of agricul-
tural crop production and environment protection. ITP, Falenty
(2011) 7.

Barwicki J.: Some aspects of plants cultivation using precision
agriculture. ITP, Falenty (2011) 127.

Barwicki J., Kubon M., Marczuk A.: New developments of solar
energy utilization in the aspect of EU directives. Agric. Eng. 2 (21)
(2017) 15.

Chlebowski J., Nowakowski T., Barwicki J., Gach S., Jaremczuk
M.: Ensilaging of beet pulp use of wrapping press. J. Res. Appl.
Agric. Eng. 4 (63) (2018) 38.

HELCOM. 2013. Revised nutrient targets. http://www.helcom.
fi/baltic-sea-action-plan/nutrient-reductionscheme/targets.
Gach S, Ivanovs S., Barwicki J., Karwowski B.: Expenditure for
harvesting and ensiling of low stalk green fodder using press
and pickup trailer. J. Res. Appl. Agric. Eng. 2 (61) (2016) 21.
Roman K., Borek K., Mazur K.: Comparison of cracks criteria
MPS, S-Criterion, T-Criterion using a computer program to obtain
the angle of fracture propagation. Inz. Mat. 6 (40) (2019) 32, DOI:
10.15199/28.2019.6.5.

Wardal W., Kieroriczyk M., Barwicki J., Borek K., Mazur K.,
Konieczna A.: Legal conditions for the use of sulfuric acid in
liquid manure to reduce nitrogen losses. Przem. Chem. 8 (98)
(2019) 1179.

Wardal W.J., Mazur K.E., Roman K., Roman M., Majchrzak M.:
Assessment of cumulative energy needs for chosen techno-
logies of cattle feeding in barns with conventional (CFS) and
automated feeding systems (AFS). Energies 14 (2021) 8584,
https://doi.org/10.3390/en14248584.

Martin T, Gasselin P, Hostiou N, Feron G, Laurens L., Purseigle
F., Ollivier G.: Robots and transformations of work in farm. A
systematic review of the literature and a research agenda. Agron.
Sustain. Dev. 42 (2022) 66, https://doi.org/10.1007/s13593-022-
00796-2.

Common Agricultural Policy 2022-2027, European Commission,
https://agriculture.ec.europa.eu/common-agricultural-policy/
cap-overview/cap-glance_en, accessed 15.11.2023.

From farm to fork strategy, European Commission, https://food.
ec.europa.eu/horizontal-topics/farm-fork-strategy_en, accessed
15.11.2023.

O'Connor S., Ehimen E,, Pillai S.C., Lyons G., Bartlett J.: Econo-
mic and environmental analysis of small-scale anaerobic dige-
stion plants on Irish dairy farms. Energies 13 (2020) 637, doi.
0rg/10.3390/en13030637.

INZYNIERIA MATERIALOWA « MATERIALS ENGINEERING



(21]

(22]

(23]

24]

(28]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

INZYNIERIA MATERIALOWA » MATERIALS ENGINEERING

Borek K., Romaniuk W., Roman K., Roman M., Kubori M.: The
analysis of a prototype installation for biogas production from
chosen agricultural substrates. Energies 14 (2021) 2132, https:/
doi.org/10.3390/en14082132.

Hryniewicz M., Roman K.: Simulations of fuels consumption
in the CHP system based on modernised GTD-350 turbine
engine. J. Water Land Develop. 51 (2021) 250, DOI: 10.24425/
jwld.2021.139036.

Skibko Z., Tyminska M., Romaniuk W., Borusiewicz A.: Impact of
the wind turbine on the parameters of the electricity, supply to
an agricultural farm. J. Water Land Develop. 53 (2021) 73, DOI:
10.24425/jwld.2022.140782.

Aerts J., Kolenda M., Piwczynski D., Sitkowska B., Onder H.: Fore-
casting milking efficiency of dairy cows milked in an automatic
milking system using the decision tree technique. Animals 12
(2022) 1040, https://doi.org/10.3390/ani12081040 13.

Shine P, Upton J., Sefeedpari P, Murphy M.D.: Energy consump-
tion on dairy farms. A review of monitoring, prediction, modelling,
and analyses. Energies 13 (2020) 1288.

Bernhardt H., Hohendinger M., Stumpenhausen J.: Development
of the technical structure of the “cow energy” concept. Agronomy
11 (10) (2021) 1915, DOI: 10.3390/agronomy11101915.

Da Borso F,, Chiumenti A, Sigura M., Pezzuolo A.: Influence of
automatic feeding systems on design and management of dairy
farms. J. Agric. Eng. 48 (s1) (2017) 48.

Cogato A, Br&¢i¢ M., Guo H., Marinello F., Pezzuolo A.: Challenges
and tendencies of automatic milking systems (AMS). A 20-years
systematic review of literature and patents. Animals 11 (2021)
356, https://doi.org/10.3390/ani11020356.

Bhoj S., Tarafdar A., Singh M., Gaur G.K.: Smart and automatic
milking systems. Benefits and prospects. In Sehgal S., Singh
B., Sharma V. (eds): Smart and sustainable food technologies.
Springer, Singapore (2022), https://doi.org/10.1007/978-981-19-
1746-2_4.

Alhomoch F.: Influence of different technical elements and
settings in automatic milking systems on the quality of dairy
cows’ milk.2021. PhD dissertation, Humboldt University,
Germany (2021), https://edoc.hu-berlin.de/bitstream/han-
dle/18452/24337/dissertation_alhomoch_fadi.

Hogeveen H., Klaas I.C., Dalen G., Honig H., Zecconi A., Kelton
D.F., Sdnchez Mainar M.: Novel ways to use sensor data to impro-
ve mastitis management. J. Dairy Sci. 104 (2021) 11317.
Martin T., Gasselin P, Hostiou N, Feron G, Laurens L., Purseigle
F., Ollivier G.: Robots and transformations of work in farm: a sys-
tematic review of the literature and a research agenda. Agron.
Sustain. Dev. 42 (2022) 66, https://doi.org/10.1007/s13593-022-
00796-2.

Barwicki J., Borek K., Mazur K., Kieroriczyk M.: New develop-
ments in methane fermentation and ammonia emission to obtain
better environmental conditions for living in country side area.
Pol. Tech. Rev. 1 (2023) 13, DOI: 10/15 199/180.2023.1.3.
Borowski P.F., Barwicki J.: Efficiency of utilization of wastes for
green energy production and reduction of pollution in rural areas.
Energies 16 (2023) 13, https//doi.org/10.3390/en16010013.
Mazur K., Barwicki J., Tseiko V.: Comparison of mechanized
and automated technologies in the scope of cumulative energy
in sustainable milk production. Sustainability 16 (2) (2024) 906,
https://doi.org/10.3390/su16020906.

INZYNIERIA MATERIALOWA @

re:se

CERTYFIKAT

Ten certyfikat potwierdza
zakup energii pochodzgce] w
100% z odnawialnych Zrédet
praez
WYDAWNICTWO CZASOPISM |
KSIAZEK TECHNICZNYCH SIGMA-NOT
SPOLKA Z OGRANICZONA
ODPOWIEDZIALNOSCIA

Dzigki temu WYDAWNICTWO CZASOPISM |
KSIAZER TECHNICZNYCH SIGMA-NOT SPOLKA Z
OGRANICZONA, ODPOWIEDZIALNGQCI.& redukuje
emisje do

206248 kg CO, rocznie

12024 927



CO PISZA INNI?

im,

PRZEGLAD KRAJOWYCH | ZAGRANICZNYCH CZASOPISM NAUKOWYCH | NAUKOWO-TECHNICZNYCH

R

Processing of carbon nanoparticle-enriched AISI H11 tool steel
powder mixtures in DED-LB/M for the AM of forging tools with
tailored properties. Part ll. Influence of nanoscale carbon additives
on microstructure and mechanical properties

0. Hentschel, J. Kohlstruck, P. Krakhmalev, D. Nikasand, M. Schmidt
Alloys 2023, 4, nr 2,288-320, https://doi.org/10.3390/alloys2040020

A promising approach for producing parts with outstanding properties
in directed energy deposition (DED-LB/M) provides the application
of tailored powder mixtures processed by applying in situ alloying
strategies. In this work, DED-LB/M was used to manufacture multi-
layer specimens from AISI H11 steel powders enriched with carbon
nanoparticles (C-np) in concentrations of 0.1 wt. % and 0.2 wt. %. The
scientific aim was to investigate the impact of C-np on the microstruc-
tural (particularly retained austenite content (RA-c) and grain size)
and mechanical properties (specifically hardness and compression
yield strength) of the manufactured specimens. It was shown that
the addition of C-np to the H11 powder leads to a stronger distortion
of martensite as well as significantly enhancing the RA-c. Further-
more, the C-np seem to favor the formation of finer martensite, as
can be verified with XRD and EBSD. Under as-built conditions, the
mean hardness increases from 653+10 HV1 for the H11 sample to
770414 HV1 for the sample reinforced with 0.2 wt. % C-np. At the
same time, Y0.2% rises up from 1839+61 MPa to 2134+68 MPa. The
hardness- and strength-increasing effect of the added C-np is retained
even after heat treatment, similarly to the industrial standard.
Concurrent thermal reduction and boron-doped graphene oxide by
metal—-organic chemical vapor deposition for ultraviolet sensing
application

B.D. Ryu, H.-S. Jang, K.B. Ko, M. Han, T.V. Cuong, Ch.-J. Choi, Ch.-
-H. Hong

Appl. Nano 2024, 1, nr 5, 1-13, https://doi.org/10.3390/applna-
no5010001

A boron-doped reduced graphene oxide (BrGO) material characteri-
zed by various electrical properties, through simultaneous thermal
reduction and doping procedures, using a metal—organic chemical
vapor deposition technique was synthesized. X-ray photoelectron
spectroscopy (XPS) was used to study the impact of the doping level
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on the B bonding in the reduced graphene oxide (rGO) layer that is
influenced by the annealing temperature. The synthesized BrGO layer
demonstrated a high B concentration with a considerable number
of 0-B bonds, that were altered by annealing temperatures. This re-
sulted in a decreased work function and the formation of a Schottky
contact between the BrGO and n-type Si substrate. Due to the higher
proportion of B-C and B-C3 bonding in the BrGO/Si device than that
in the rGO/Si, the decreased Schottky barrier height of the BrGO/n-Si
vertical junction photodetector resulted in a higher responsivity. This
study showcases a promise of a simple B-doping method in use to
alter the electrical characteristics of graphene materials.

Influence of non-invasive zirconium oxide surface treatment on
phase changes

K. Regulska, B. Januszewicz, A. Jedrzejczak, L. Klimek

Ceramics 2024, 1, nr 7, 222-234, https://doi.org/10.3390/cera-
mics7010014

The aim of the research was to find a zirconia treatment method that
would reduce or minimize the transformation from the tetragonal
phase to the monoclinic phase. Yttria-stabilized zirconia is increasingly
chosen for the base of permanent prosthetic restorations. To achieve
a good bond between the prosthetic cup and the veneer material, the
material must be treated to achieve surface development. This is a
mechanical process, during which an unfavorable transformation from
the tetragonal into the monoclinic phase takes place, which leads to
the weakening of the internal structure of zirconium dioxide, and later
damages the prosthetic restoration. The tested material consisted of
cylindrical samples of 3Y-TZP CeramillZi zirconium oxide, which were
sintered after cutting out from the block. After sintering, the samples
were subjected to the following types of processing: laser structuring,
chemical etching and plasma etching. After the surface treatments,
the samples were subjected to diffraction tests to determine the phase
composition. Next, the wettability was tested to determine the surface
free energy. On the basis of the conducted tests, it was noticed that the
applied treatments caused a phase transformation from the tetragonal
to the monoclinic phase. After the process of chemical etching, the
range of the monoclinic phase for the sample was 5%; after plasma
etching, it was 8%, and after laser structuring, it was 2%. In addition,
post-surface free energy studies have shown that zirconia is wetted
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better with an apolar than a polar liquid. The obtained results indicate
that the transformation was minimized with the treatments we applied;
that is why they are called non-invasive methods. According to the
literature data, depending on the parameters of the sandblasting pro-
cess, the percentage of the monoclinic phase in the treated surfaces
ranges 22-52%, which confirms the above-mentioned conclusion.
Negative thermal expansion metamaterials. A review of design,
fabrication, and applications

D. Dubey, A.S. Mirhakimi, M.A. Elbestawi

J. Manuf. Mater. Process. 2024, 8, nr 1, 40, https://doi.org/10.3390/
jmmp8010040

Most materials conventionally found in nature expand with an incre-
ase in temperature. In actual systems and assemblies like precision
instruments, this can cause thermal distortions which can be difficult
to handle. Materials with a tendency to shrink with an increase in
temperature can be used alongside conventional materials to restrict
the overall dimensional change of structures. Such structures, also
called negative-thermal-expansion materials, could be crucial in ap-
plications like electronics, biomedicine, aerospace components, etc.,
which undergo high changes in temperature. This can be achieved
using mechanically engineered materials, also called negative thermal
expansion (NTE) mechanical metamaterials. Mechanical metamate-
rials are mechanically architected materials with novel properties that
are rare in naturally occurring materials. NTE metamaterials utilize
their artificially engineered architecture to attain the rare property of
negative thermal expansion. The emergence of additive manufacturing
has enabled the feasible production of their intricate architectures. In-
dustrial processes such as laser powder bed fusion and direct energy
deposition, both utilized in metal additive manufacturing, have proven
successful in creating complex structures like lattice formations and
multimaterial components in the industrial sector, rendering them
suitable for manufacturing NTE structures. Nevertheless, this review
examines a range of fabrication methods, encompassing both additive
and traditional techniques, and explores the diverse materials used
in the process. Despite NTE metamaterials being a prominent field of
research, a comprehensive review of these architected materials is
missing in the literature. This article aims to bridge this gap by provi-
ding a state-of-the-art review of these metamaterials, encompassing
their design, fabrication, and cutting-edge applications.

Magnetron sputter deposition of nanostructured AIN thin films
M. Chirumamilla, T. Krekeler, D. Wang, P.K. Kristensen, M. Ritter,
V.N. Popok, K. Pedersen

Appl. Nano 2023, 4, nr 4, 280-292, https://doi.org/10.3390/applna-
no4040016

Aluminum nitride (AIN) is a material of growing interest for power
electronics, fabrication of sensors, micro-electromechanical systems,
and piezoelectric generators. For the latter, the formation of nanowire
arrays or nanostructured films is one of the emerging research direc-
tions. In the current work, nanostructured AIN films manufactured with
normal and glancing angle magnetron sputter depositions have been
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investigated with scanning and transmission electron microscopy, X-
-ray diffraction, atomic force microscopy, and optical spectroscopy.
Growth of the nanostructures was realized utilizing metal seed partic-
les (Ag, Au, and Al), allowing the control of the nucleation and following
growth of AIN. It was demonstrated how variations of seed particle
material and size can be used to tune the parameters of nanostructu-
res and morphology of the AIN films. Using normal angle deposition
allowed the growth of bud-shaped structures, which consisted of
pillars/lamellae with wurtzite-like crystalline structures. Deposition
at a glancing angle of 85° led to a film of individual nanostructures
located near each other and tilted at an angle of 33° relative to the
surface normal. Such films maintained a high degree of wurtzite-like
crystallinity but had a more open structure and higher roughness than
the nanostructured films grown at normal incidence deposition. The
developed production strategies and recipes for controlling parame-
ters of nanostructured films pave the way for the formation of matrices
to be used in piezoelectric applications.

Physical characteristics of sintered silver nanoparticle inks with
different sizes during furnace sintering

H.-J. Park, K. Ryu, H.-L. Lee, Y.-J. Moon, J.Y. Hwang, S.J. Moon
Materials 2024, 17, nr 5, 978, https://doi.org/10.3390/ma17050978

The influence of nanoparticle (NP) size on the physical characteristics
of sintered silver NP ink was studied using four different types of inks.
The Ag NP inks were spin-coated on glass substrates with an average
thickness of 300 nm. Each sample was sintered for 30 min, with tem-
peratures from 50°C to 400°C by an interval of 50°C. After sintering,
the specific resistance of each case was obtained using the resistance
and surface profile measurements. The minimum specific resistan-
ce obtained by the experiment was 2.6 uQ-cm in the case in which
50 nm-sized Ag NP ink was sintered at 350°C. The transformed sur-
face morphology and grain size of each case were observed using
scanning electron microscopy and atomic force microscopy. The
results of this study can be a reference for future manufacturers in
selecting the Ag NP size and the sintering temperature.

Effect of cooling rate on the microstructure and mechanical pro-
perty of nickel-based superalloy MAR-M247

Y. Wang, J. He, P. Hu, Ch. Xiao, X. Wang

Materials 2024, 17, nr 5, 982, https://doi.org/10.3390/ma17050982

Heat treatment is an important process for optimizing the micro-
structures of superalloys, and the cooling rate after solid solution
treatment is one of the most critical parameters. In this work, we
treated solid solution MAR-M247 alloys with water quenching, air
cooling, and furnace cooling. Microstructure characterization, hard-
ness, and room temperature tensile tests were conducted to investi-
gate the effect of cooling rate on the microstructure and mechanical
properties of MAR-M247 alloys. The results showed that the cooling
rate after solid solution treatment mainly affected the precipitation
behavior of the secondary y’ phase, but it had few effects on other
microstructure characterizations, including grain size, y/y’ eutectic,
and MC carbide. The water-quenched sample had the highest cooling
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rate (400°C/s) and hardness (400 HV) but suffered from premature
fracture because of quenching cracks. A further decrease in cooling
rate from 1.5°C/s to 0.1°C/s deteriorated hardness (384 HV to 364 HV)
and yield strength (960 MPa to 771 MPa) but increased elongation
(8.5-13.5%). Moreover, the deformation mechanism was transformed
from dislocation shearing to Orowan bypassing. The decreased yield
strength was mainly due to the weakened precipitation strengthening
resulting from y’-phase coarsening. The improved elongation was
attributed to not only the higher work-hardening index caused by in-
terface dislocation networks but also the more uniform deformation,
which delayed necking.

Ethanol-induced gelation enables direct three-dimensional printing
of sodium alginate hydrogel

Q. Zhou, Ch.-P. Chng, Y. Zhao, Y. Wang, H. Xu, Y. Huo, Ch. Huang
Materials & Design 2024, 239, 112746, https://doi.org/10.1016/j.mat-
des.2024.112746

Hydrogels have found wide applications in various fields, but further
advances in hydrogel-based applications hinge upon overcoming the
challenge of generating complex structures. Although three-dimensio-
nal (D) printing enables customized designs, it remains challenging to
print hydrogel structures directly without using supporting materials or
incorporating polymeric or solid thickeners due to the low printability
of hydrogel precursor solutions. Here, we demonstrate that direct 3D
printing of sodium alginate (SA) hydrogel structures can be achieved
by introducing ethanol into the SA solution. On the one hand, ethanol
enables a sol-to-gel transition to occur by lowering the temperature.
Our molecular dynamics (MD) simulations reveal that the gelation
occurs due to disrupted hydrogen bonding interaction among SA
chains and water. On the other hand, the presence of ethanol notably
increases the viscosity, yield stress, and shear-thinning feature of SA
solution, making it an ideal 3D printing ink. An isotropic shrinkage of
the printed structures is observed after further gelation with Ca?* ions
and the removal of ethanol. Our study provides an effective approach
for direct printing of SA hydrogels with enhanced printing resolution (>
10%), paving the way for more advanced hydrogel-based applications
in various fields.

Microstructure and properties of aluminum—-graphene-sic matrix
composites after friction stir processing

Ch. Wang, X. Zhu, Y. Fan, J. Liu, L. Xie, Ch. Jiang, X. Xiao, P. Wu,
X. You

Materials 2024, 17, nr 5, 979, https://doi.org/10.3390/ma17050979

Enhancing the mechanical properties of conventional ceramic partic-
les-reinforced aluminum (Al 1060) metal matrix composites (AMCs)
with lower detrimental phases is difficult. In this research work, AMCs
are reinforced with graphene nanosheet (GNS) and hybrid reinfor-
cement (GNS combined with 20% SiC, synthesized by shift-speed
ball milling (SSBM), and further fabricated by two-pass friction stir
processing (FSP). The effect of GNS content and the addition of SiC
on the microstructure and mechanical properties of AMCs are stu-
died. The microstructure, elemental, and phase composition of the
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developed composite are examined using SEM, EDS, and XRD tech-
niques, respectively. Mechanical properties such as hardness, wear,
and tensile strength are analyzed. The experimental results show that
the GNS and the SiC are fairly distributed in the Al matrix via SSBM,
which is beneficial for the mechanical properties of the composites.
The maximum tensile strength of the composites is approximately
171.3 MPa in AMCs reinforced by hybrid reinforcements. The tensile
strength of the GNS/Al composites increases when the GNS content
increases from 0 to 1%, but then reduces with the further increase
in GNS content. The hardness increases by 2.3%, 24.9%, 28.9%, and
41.8% when the Al 1060 is reinforced with 0.5, 1,2% GNS, and a hybrid
of SiC and GNS, respectively. The SiC provides further enhancement
of the hardness of AMCs reinforced by GNS. The coefficient of friction
decreases by about 7%, 13%, and 17% with the reinforcement of 0.5, 1,
and 2% GNS, respectively. Hybrid reinforcement has the lowest friction
coefficient (0.41). The decreasing friction coefficient contributes to
the self-lubrication of GNSs, the reduction in the contact area with the
substrate, and the load-bearing ability of ceramic particles. According
to this study, the strengthening mechanisms of the composites may
be due to thermal mismatch, grain refinement, and Orowan looping.
In summary, such hybrid reinforcements effectively improve the me-
chanical and tribological properties of the composites.

Recycling potential of construction materials. A comparative ap-
proach

M. Mayer

Constr. Mater. 2024, 4, nr 1, 238—250, https://doi.org/10.3390/con-
strmater4010013

Recovery and re-utilization of materials are regarded as key strategies
for reducing greenhouse gas emissions in the built environment. Wi-
thin those end-of-use scenarios, recycling is one of the widely used
tactics, demonstrated by established infrastructure and developed
supply chain networks in many geographic locations. While recycling
is an increasingly common practice in the built environment, accura-
tely defining recycling quality in order to compare technologies and
material types remains methodologically contested. This is mainly
due to the vast spectrum of scenarios that typically fall under the
term ‘recycling’. Remanufacturing, downcycling, upcycling, and even
direct reuse are all referred to as types of recycling in non-scientific
circles, depending on the sector they occur in. The main challenge in
assessing the material recovery quality of those solutions is that they
exist on a continuum without clear divisions. Within that context, this
article presents and compares four methods for assessing recyclabi-
lity. The featured methods measure recycling potential from different
perspectives: economic dimensions of the recycling industry; patterns
of resource depletion; the energy cost of recycling; and the carbon
intensity of recovery processes. The scientific foundations of the
four methods are presented and a range of widely used construction
materials are tested. The performance of materials is then compared
across the four assessment methods to note observations and gain
insights. Some of the materials are found to consistently outperform
others, whereas some materials perform well on one method whi-
le performing poorly on others. This comparative study is followed
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by a discussion that looks at the limitations of each approach and
reasons, or lack thereof, for the adoption of one method over the
others in industry and academia. Lastly, the article looks at future
research trajectories and examines the path ahead for recycling in
the construction industry.

environments and concrete durability
A. Simon, B. Mobasher, N. Neithalath
Materials 2024, 17,r 5,977, https://doi.org/10.3390/ma17050977

The widespread use of carpets in residential and commercial buil-
dings and their relatively short life span result in large volumes of
carpet being landfilled. A potential solution to this problem is the use
of post-consumer carpet fibers in concrete. To this end, this paper
systematically identifies the common fiber types in a typical post-con-
sumer carpet fiber bale and evaluates their durability under exposure
to varying levels of alkalinity. The tensile strengths and toughness of
the fibers belonging to the nylon and polyethylene terephthalate (PET)
families (the dominant fibers in most post-consumer carpets) are
reduced by up to 50% following exposure to extreme alkalinity, the re-
asons for which are determined using spectroscopic and microscopic
evaluations. The chloride ion transport resistance of concretes (~40
MPa strength) containing 2.5% carpet fibers by volume (~25 kg of
fibers per cubic meter of concrete) is comparable to that of the control
mixture, while mortar mixtures containing the same volume fraction
of carpet fibers demonstrate negligible enhancement in expansion
and loss of strength when exposed to T N NaOH. This study shows
that moderate-strength concretes (~40 MPa) for conventional building
and infrastructure applications can be proportioned using the chosen
volume of carpet fibers without an appreciable loss of performance.
Consideration of low volume fractions of carpet fibers in low-to-mode-
rate-strength concretes thus provides a sustainable avenue for the use
of these otherwise landfilled materials in construction applications.
Correlations to improve high-temperature strength and room tem-
perature ductility of refractory complex concentrated alloys

0.N. Senkov, S. Gorsse, D.B. Miracle, S.I. Rao, T.M. Butler
Materials & Design 2024, 239, 112762, https://doi.org/10.1016/j.mat-
des.2024.112762

Correlations were explored between mechanical, thermodynamic
and physical properties of refractory complex concentrated alloys
(RCCAs). Experimentally measured yield strengths (oy) and ductility
were taken from the open literature and were compared against liqu-
idus, solidus and solvus temperatures, elastic properties (Young's,
shear and bulk moduli), density (p), surface energy (y) and valence
electron concentration (VEC). If not publicly available, the thermody-
namic properties were calculated using CALPHAD while the other
properties listed above were estimated using a rule-of-mixtures ave-
rage of the constituent element properties. This analysis emphasized
tensile ductility. Based on the identified correlations, useful criteria for
selecting possibly ductile RCCA compositions with good high-tempe-
rature strength were proposed, a few ductile and strong RCCAs were
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made and properties of some of them were reported in this paper.
Additionally, multivariate linear regression (MLR) was used to identify
new insights from the high dimensional space of the present study by
modeling the influence of composition and the input thermodynamic
and physical properties on the high-temperature strength and room
temperature ductility. Equal concentrations of Mo and Nb in RCCAs
were found to give a good balance of strength and ductility. The MLR
analysis identified over 50 promising RCCAs for intended high-tempe-
rature applications, pending experimental confirmation.

The effect of self-organization during deposition on the segregation
behaviour of Au in the Si-Ge-Au nano-multilayer thermoelectric
generator system

S. Gulyas, G.L. Katona, G. Csiszar, J.J. Toman et al.

Materials Characterization 2024, 209, 113699, https://doi.org/10.1016/j.
matchar.2024.113699

Si-Ge-Au amorphous-nanocrystalline composites are important ther-
moelectric materials where the Seebeck coefficient and the electrical
conductivity may be tuned independently. There are many attempts to
improve the thermoelectric properties of Si/Ge systems by the addition
of additives like Au. However, the effectiveness of doping and the role
of Au is not clear. We report on structural transformations and Au
segregation behaviour in post-annealed sputter deposited multilayer
thin films using composition depth profiling, electron microscopy,
x-ray diffraction and computer simulation. We show that depending on
the nominal thickness of the initial Au layers the film volume becomes
depleted of Au for thinner Au layers while for thicker Au layers the Au
content is much higher in the form of large precipitates. Due to the
self-organization and changing of microstructure during deposition
the segregation of Au is very different for different Au individual layer
thicknesses. In case of thinner Au layers it is enriched at the free
surface, while for thicker initial Au layer thickness gold accumulated
at the substrate. We have carried out computer simulations based on
stochastic kinetic mean-field model. These calculations support the
argument that initial Au island size can drastically affect the dissolu-
tion/growth and segregation behaviour of gold which can significantly
influence the thermoelectric parameters. Based on these results we
provide a possible explanation to the difference in thermoelectric
properties found in the literature.
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ZGLOSZENIA PATENTOWE

WYBRANE ZGLOSZENIA PATENTOWE
z dziedziny inzynierii materiatowej wg BIULETYNU URZEDU
PATENTOWEGO nr 50-52 22023 r.i 1-8 2 2024 r.

Zgt. nr 441393; B01J 2/18

POLITECHNIKA LODZKA, L6dz; APS-EKOINNOWACJE SPOLKA
Z OGRANICZONA ODPOWIEDZIALNOSCIA, L6dz

Szufa S., Modrzewski R., Obraniak A., Adrian L., Piersa P.

Granulator tasmowo-wibracyjny

Granulator tasmowo-wibracyjny zawierajgcy tasme elastyczng
z obrzezem, walce obrotowe nadajgce gornej powierzchni tasmy
ksztatt wklesty oraz beben napedowy potaczony z silnikiem, cha-
rakteryzuje sie tym, ze osie walcow (1) podpierajgce tasme (2) sg
zamocowane w tozyskach podpartych na zawieszeniu sprezystym
(3) oraz potgczone sg z wibratorem (4) sztywnymi pretami (5),
przy czym wibrator (4) jest zamocowany na zawieszeniu spre-
zystym (6).

(1 zastrzezenie)

Zgt. nr 441413; C22C 47/14

SIEC BADAWCZA LUKASIEWICZ - INSTYTUT METALI NIEZE-
LAZNYCH, Gliwice

Kulasa J., Krukowski K., Hury A., Kotacz D., Lis M., Brudny A.,
Cwolek B.

Sposdéb wytwarzania materiatu kompozytowego na bazie brazu
cynowego

Przedmiotem zgtoszenia jest sposob wytwarzania materiatu
kompozytowego na bazie brgzu cynowego, ktory charakteryzuje
sie tym, ze do proszku stopowego brgzu cynowego dodaje sie
proszek renu w ilosci do 35%, po czym miesza przez co najmniej
30 min, a nastepnie prasuje i/lub spieka. Prasowanie prowadzi sie
pod cisnieniem min. 40 MPa w czasie co najmniej 15 s. Spiekanie
prowadzi sie w temperaturze co najmniej 550°C pod cisnieniem
0,1-200 MPa.

(6 zastrzezeri)
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Zgt. nr 441381; C04B 7/42

ZACHODNIOPOMORSKI UNIWERSYTET TECHNOLOGICZNY
W SZCZECINIE, Szczecin

Janus M., Zajac K., Strzatkowski J., Dudek D., Wojtowicz P.

Sposdéb wydtuzenia czasu wigzania zaczynu klinkieru cemento-
wego

Przedmiotem zgtoszenia jest sposéb wydtuzenia czasu wigzania
zaczynu klinkieru cementowego, wg zgtoszenia, ktory charaktery-
zuje sie tym, ze w trakcie studzenia zaczynu klinkieru cementowe-
go od temp. 800°C do 300°C, przed procesem mielenia dodaje sie
potprodukt z instalacji otrzymywania TiO, metodg siarczanows,
pobrany z filtréw bebnowych przed dodaniem dodatkéw prazal-
niczych i przed kalcynacja, w ilosci 3—5% mas. w stosunku do
zaczynu klinkieru cementowego w przeliczeniu na s.m. TiO,.

(1 zastrzezenie)
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Zgt. nr 441383; C04B 35/58

AKADEMIA GORNICZO-HUTNICZA IM. STANISLAWA STASZICA
W KRAKOWIE, Krakéw

Kozien D., Pedzich Z., Chlubny L., Nieroda P.M.

Sposdb wytwarzania narzedzia skrawajacego z kompozytu wy-
sokoogniotrwatego

Przedmiotem zgtoszenia jest sposob wytwarzania narzedzia
skrawajgcego z kompozytu wysokoogniotrwatego otrzymanego
z weglika boru i zwigzku miedzymetalicznego z uktadu Ti-Si, do
stosowania w branzy narzedziowej. Sposob polega na zmieszaniu
proszkow wyjsciowych w postaci weglika boru (B,C), krzemku
tytanu TiSi albo TiSi, jako zwigzku miedzymetalicznego z uktadu
Ti-Si, wegla C oraz boru B w srodowisku alkoholu izopropylowe-
go, uformowaniu z mieszaniny proszkéw ksztattek i poddaniu
ich spiekaniu metoda spiekania iskrowo-plazmowego SPS pod
ostong argonu.

(1 zastrzezenie)

Zgt. nr 441469; B0O1J 29/89

ZACHODNIOPOMORSKI UNIWERSYTET TECHNOLOGICZNY
W SZCZECINIE, Szczecin

Wroblewska A., Grzeszczak J., Kujbida M.

Sposob otrzymywania katalizatora tytanowo-silikatowego otrzy-
manego z wykorzystaniem templatéw

Przedmiotem zgtoszenia jest sposéb otrzymywania katalizatora
tytanowo-silikatowego z wykorzystaniem templatéw, wg zgtosze-
nia, polegajgcy na umieszczeniu 8,089 g surfaktantu Pluronica
P123, 168,880 g wody dejonizowanej i 4,7 cm?® kwasu solnego
o stezeniu 35% w szklanym reaktorze znajdujgcym sie w fazni
olejowej o temp. 35°C, zaopatrzonym w chtodnice zwrotng oraz
mieszadto mechaniczne, a nastepnie mieszaniu zawartosci reak-
tora do uzyskania klarownego roztworu. Nastepnie do roztworu
dodaje sie mieszanine 17,522 g o-krzemianu tetraetylu i 0,808 g
o-tytanianiu tetraizopropylu i miesza zawartosc reaktora przez
24 h, pozostawia zawartosc¢ reaktora na kolejne 24 h, kolejno
odsacza sie otrzymany osad i przemywa wodg dejonizowang,
po czym poddaje sie go suszeniu w temp. 100°C przez 24 h,
a nastepnie kalcynowaniu w 550°C przez 5 h, otrzymujac katali-
zator tytanowo-silikatowy o zawartosci 2,82% mas. tytanu. Istota
zgtoszenia polega na tym, ze do mieszaniny o-krzemianu tetraety-
lu i o-tytanianiu tetraizopropylu dodaje sie 13,333 g odpadowych
fusow kawy, gdzie stosunek masowy ciecz:odpadowe fusy wynosi
15:1. Odpadowe fusy kawy stanowig zmielone ziarna kawy po
procesie parzenia, ktore suszy sie w temperaturze pokojowej,
a nastepnie przemywa sie acetonem do momentu usuniecia za-
nieczyszczen rozpuszczalnych w acetonie i suszy sie w temp.
100°C w atmosferze powietrza.

(1 zastrzezenie)
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Zgt. nr 441535; CO7F 15/00

UNIWERSYTET WARSZAWSKI, Warszawa

Grela K., Kajetanowicz A., Sytniczuk A., Milewski M.,
Purohit V., IN, Struzik F.

Nowe kompleksy rutenu, sposob ich otrzymywania, zwigzki po-
srednie stosowane w tym sposobie, sposdb ich wytwarzania oraz
zastosowanie nowych komplekséw rutenu w reakcjach metatezy
olefin

Przedmiotem zgtoszenia jest nowy kompleks rutenu, w ktorym
wszystkie zmienne majg zdefiniowane w opisie znaczenia. Przed-
miotem zgtoszenia jest takze sposéb otrzymywania kompleksu
rutenu, zwigzek posredni bedacy prekursorem ligandu stosowany
w otrzymywaniu kompleksu rutenu CAAC-1 oraz zastosowanie
tego kompleksu rutenu jako (pre)katalizatora w reakcjach me-
tatezy olefin.

(20 zastrzezen)

Zgt. nr 441625; B01J 13/04

UNIWERSYTET WARSZAWSKI, Warszawa; WARSZAWSKI UNI-
WERSYTET MEDYCZNY, Warszawa; NEPHROLAB PLUS SPOLKA
Z OGRANICZONA ODPOWIEDZIALNOS'CIA, Warszawa

Mazur M., Kusmierz B., Wysocki K., Kuzma-Mroczkowska E.,
Parnczyk-Tomaszewska M.

Sposéb otrzymywania czastek polimerowych

Przedmiotem zgtoszenia jest sposéb otrzymywania czgstek po-
limerowych. Sposéb polega na tym, ze sporzadza sie roztwor
polimeru w lotnym rozpuszczalniku o stezeniu 0,5-3%, w razie po-
trzeby z dodatkiem substancji czynnej w ilosci 25—100 uL. na mL
roztworu lub znacznika w ilosci 25-100 na mL roztworu. Roztwoér
podaje sie na gtadkie, chemicznie obojetne podtoze i doprowadza
do odparowania rozpuszczalnika, a nastepnie podtoze z warstwg
polimeru zakrywa sie warstwa cieczy, ktorej temperatura wrzenia
jest wyzsza niz temperatura topnienia polimeru i ktdra nie jest
rozpuszczalnikiem polimeru i jest neutralna wobec jego struktury
i sktadu chemicznego. W kolejnym etapie podtoze z polimerem
stopniowo poddaje sie dziataniu temperatury do osiggniecia tem-
peratury topnienia polimeru i pozostawia w tej temperaturze przez
czas potrzebny do stopienia catej ilosci polimeru, po czym pozo-
stawia sie w temperaturze pokojowej do ostudzenia i zestalenia
wytworzonych kropli polimeru na podtozu. Na tym etapie mozna
nanies¢ na powierzchnie pétsfer polimerowych cienkie warstwy
metalu. Po ostudzeniu przystepuje sie do separacji powstatych na
podtozu potsfer polimerowych zanurzajac je w lotnej cieczy, nie-
rozpuszczajgcej polimeru i poddajgc co najmniej jednokrotnemu
dziataniu ultradZzwiekoéw o mocy 50-400 W przez 5-30 min, po
czym uzyskang w ten sposob mieszanine poétsfer polimerowych
Z lotng cieczg zateza sie lub suszy.

(76 zastrzezen)
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Zgt. nr 441671; C04B 35/622

POLITECHNIKA WARSZAWSKA, Warszawa

Tanska J., Wiecinska P., Misiukiewicz J., Wiectaw-Midor A.,
Falkowski P.

Sposob wytwarzania kompozytdw o osnowie ceramicznej wzmac-
nianych czastkami metalicznymi

Przedmiotem zgtoszenia jest sposob wytwarzania kompozytow
0 osnowie ceramicznej wzmacnianych czagstkami metaliczny-
mi charakteryzujacy sie tym, ze obejmuje nastepujace etapy:
(i) rozpuszczalnik w ilosci 2-15 cz. mas. miesza sie z dwoma
monomerami organicznymi w ilosci 2—15 cz. mas. kazdy oraz
z fotoinicjatorem wilosci 1-5 cz. mas. w stosunku do sumy mas
monomerdw organicznych, przy czym fotoinicjator jest wybrany
Z grupy obejmujacej: mieszanine (2,4,6-trimetylobenzoilo)fe-
nylofosfinianu etylu oraz tlenku bis-(2,4,6-trimetylobenzoilo)
fenylofosfiny, tlenek bis-(2,4,6-trimetylobenzoilo)fenylofosfiny
i (2,4,6-trimetylobenzoilo)fenylofosfinian etylu; (i) nastepnie doda-
je sie zwigzek uptynniajgcy wilosci 0,2—5,0 cz. mas., proszek cera-
miczny w ilosci 65—-90 cz. mas. oraz proszek metaliczny w ilosci
0,1-10,0 cz. mas. i ponownie sie miesza, przy czym zwigzek uptyn-
niajgcy jest wybrany z grupy obejmujacej: kopolimer poliestru
i poliaminy w postaci 50-proc. roztworu w mieszaninie azeotro-
powej trojchloroetylen-etanol, kopolimer poliestru i poliaminy
w postaci 50-proc. roztworu w 2-butanonie; (iii) powstatg dysper-
sje miesza sie i odpowietrza; (iv) formuje sie wyroby z uzyciem dru-
karki stereolitograficznej 3D zgodnie z wczesniej przygotowanym
projektem wyrobu; (v) powstate wyroby poddaje sie spiekaniu.

(14 zastrzezen)

Zgt. nr 441599; C08J 5/18

SIEC BADAWCZA LUKASIEWICZ - INSTYTUT CIE?KIEJ
SYNTEZY ORGANICZNEJ BLACHOWNIA, Kedzierzyn-Kozle;
POLITECHNIKA SLASKA, Gliwice

Janik W., Ledniowska K., Nosal-Kovalenko H., Grittner J.,
Dudek G.

Sposdb wytwarzania aktywnej folii na bazie alginianu sodu

Przedmiotem zgtoszenia jest sposob wytwarzania aktywnej
folii na bazie alginianu sodu przeznaczonej do wykorzystania
w przemysle opakowaniowym. Sposob polega na tym, ze w temp.
10-40°C, przez 60—1440 min, z szybkoscig 200—400 rpm miesza
sie 1,0-5,0 cg/g alginianu sodu, 0,25-2,5 cg/g ekstraktu roslinne-
go, 19,0-38,0 cg/g plastyfikatora w postaci produktu estryfikacji
glikolu propylenowego z jednym lub dwoma kwasami karboksy-
lowymi i 55,0-73,0 cg/g wody. Nastepnie mieszanine homoge-
nizuje sie w temp. 10—-50°C, z szybkoscig 1000—8000 rpm, przez
5-12 min. Uzyskana jednorodng mieszanine wylewa sie na pozio-
ma powierzchnie i suszy, uzyskujgc aktywna folie. Przedmiotem
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zgtoszenia jest tez sposob wytwarzania aktywnej folii, ktéry polega
na tym, ze w roli plastyfikatora wykorzystuje sie epoksydowany
produkt estryfikacji glikolu propylenowego.

(21 zastrzezer)

Zgt. nr 441587; C08J 3/20

PIMAR-PLASTICS SIEBIESIEWICZ SPOLKA KOMANDYTOWA,
Czarna Biatostocka

Jatbrzykowski M., Siebiesiewicz K.

Dodatek modyfikacyjny do wyrobdw z tworzyw sztucznych i la-
kieréw

Przedmiotem zgtoszenia jest dodatek modyfikacyjny do wyrobow
z tworzyw sztucznych i lakieréw. Dodatek modyfikacyjny do wy-
robow z tworzyw sztucznych i lakieréw zawierajgcy nanoczastki
miedzi, srodek przeciwbakteryjny i/lub przeciwgrzybiczy charak-
teryzuje sie tym, ze w 10 g zawiera 3,3 g nanoczastek aluminum,
3,3 g nanoczastek miedzi, 3,3 g krzemionki formierskiej i 0,003 g
tlenku grafenu rGO.

(1 zastrzezenie)

Zgt. nr 445514; CO8L 63/00
DARBOVEN ALBERT, Hamburg, DE
Darboven A., DE

Ksztattka z Zywicy epoksydowej

Przedmiotem zgtoszenia jest ksztattka z zywicy epoksydowe;
wytworzona sposobem, w ktérym miesza sie zywice epoksydowg
z utwardzaczem, tuskami kawy i ewentualnie kawag instant (kawe
rozpuszczalng) i/lub zmielong kawa, i/lub barwnikiem lub barw-
nym pigmentem i umieszcza w formie, mieszaning pozostawia sie
do utwardzenia celem utworzenia ksztattki i utworzong ksztattke
po utwardzeniu wyjmuje sie z formy.

(1 zastrzezenie)

Zgt. nr 441668; B0O1J 20/26
POLITECHNIKA WROCLAWSKA, Wroctaw
Wolska J., Smolinska-Kempisty K., Siekierka A.

Sposdb otrzymywania zintegrowanych membran polimerowych
do zatezania roztwordéw bisfenolu A, membrany polimerowe do
zatezania roztwordéw bisfenolu A, sposéb zatezania roztworéow
bisfenolu A z wykorzystaniem membran

Zgtoszenie dotyczy sposobu otrzymywania zintegrowanych mem-
bran polimerowych do zatezania roztworéw bisfenolu A, membran
polimerowych do zatezania roztwordw bisfenolu A oraz sposobu
zatezania roztwordéw bisfenolu A z wykorzystaniem membran
w elektrochemicznym procesie MCDI. Zgtoszenie znajduje za-
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stosowanie do separacji sladowych zawartosci BPA w prébkach
srodowiskowych. Zintegrowane membrany polimerowe do za-
tezania bisfenolu A, stanowigce molekularnie wdrukowywane
polimery, charakteryzujg sie tym, ze zawierajg w swojej budowie
molekularnie wdrukowywane polimery (MIPs) specyficzne dla
bisfenolu A (BPA), w ktérych miejscem specyficznym i wigzgcym
dla BPA jest odcisk molekularny w polimerze, a molekularnie wdru-
kowywane polimery w MIP sg zintegrowane trwale w strukture foli
z poli(chlorku winylu) (PVC).

(14 zastrzezen)

Zgt. nr 443367; C04B 26/18

GLOWNY INSTYTUT GORNICTWA — PANSTWOWY INSTYTUT
BADAWCZY, Katowice

Korol J.

Polimerobeton oraz sposéb jego otrzymywania

Przedmiotem zgtoszenia jest polimerobeton charakteryzujgcy sie
tym, ze zawiera 10—15% mas. zywicy poliestrowej, 1-2% mas.
utwardzacza w postaci nadtlenku metyloetyloketonu, 0,1-0,2%
mas. kobaltu i 10-85% mas. piasku kwarcowego o uziarnieniu
0,5-1,4 mm. Zgtoszenie obejmuje takze sposéb otrzymywania
polimerobetonu.

(2 zastrzezenia)

Zgt. nr 441734; C09J 189/06
POLITECHNIKA LODZKA, L6dz
Prochon M., Szczepanik S., Dzeikala O.

Sposéb wytwarzania biodegradowalnego, biomimetycznego oraz
biokompatybilnego kleju naturalnego, z surowca odpadowego
przemystu ubojowego w postaci skory wieprzowej

Przedmiotem zgtoszenia jest sposob wytwarzania biodegradowal-
nego, biomimetycznego oraz biokompatybilnego kleju naturalnego
z surowca odpadowego przemystu ubojowego w postaci skory
wieprzowej, ktéry polega na tym, ze sporzgdza sie roztwor kazeiny
w 0,5 M wodnym roztworze wodorotlenku sodu o pH 7-8, zawie-
rajgcy nadto bezwodng gliceryne o gestosci 1,26 [g/mL]/20°C
oraz wysuszong zelatyne spozywczg o wskazniku 180° jednostek
Blooma, po czym powstaty roztwor dodaje sie do mieszaniny po
enzymatycznej inkubacji kolagenu skory wieprzowej stanowigcej
odpad przemystu ubojowego, nastepnie miesza sie oba roztwory
w temp. 70-80°C i w ostatnim etapie powstatg mieszanine zateza
sie w formie silikonowej lub teflonowej w temp. 80—90°C.

(1 zastrzezenie)
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Zgt. nr 441946; CO3B 37/012

SIEC BADAWCZA LUKASIEWICZ - INSTYTUT MIKROELEKTRO-
NIKI | FOTONIKI, Warszawa

Buczynski R., Kasztelanic R., Pysz D., Harasny K., Filipkowski A.

Sposéb wytwarzania wtékna swiattowodowego D-shape dla czuj-
nikéw SPR oraz preforma dla wykonania takiego wtékna

Przedmiotem zgtoszenia jest sposob wytwarzania widkna swiatto-
wodowego D-shape przeznaczonego dla czujnikow SPR oraz pre-
forma dla wykonania takiego wtokna. Wedtug sposobu najpierw
Z jednej strony typowej preformy szklanej z rdzeniem krzemion-
kowym domieszkowanym germanem usuwa sie czes¢ materiatu,
tak aby nad rdzeniem pozostata warstwa szkta o zaprojektowanej
grubosci, ale mniejszej niz potowa srednicy rdzenia. Takg prefor-
me umieszcza sie na wiezy Swiattowodowej i w temperaturze
wiekszej niz 1800°C prowadzi sie proces wyciggania wiokna swia-
ttowodowego. Preforma do wykonania takiego wiokna swiattowo-
dowego ma postac preta szklanego, wewnatrz ktérego znajduje
sie rdzen domieszkowany germanem. W preformie tej warstwa
szkta (1) otaczajgca rdzen (2) ma w przekroju ksztatt litery ,D”,
przy czym grubos¢ (d) warstwy szkta miedzy sptaszczong po-
wierzchnig (3) a rdzeniem (2) jest mniejsza lub réwna potowie
$rednicy rdzenia (2).

(2 zastrzezenia)

Zgt. nr 441626; B0O1J 21/06

ZACHODNIOPOMORSKI UNIWERSYTET TECHNOLOGICZNY
W SZCZECINIE, Szczecin

Tryba B., Rychtowski P., Miadlicki P.

Ztoze fluidalne zwtaszcza do reaktora fotokatalitycznego

Przedmiotem zgtoszenia jest ztoze fluidalne, zwtaszcza do reak-
tora fotokatalitycznego, wg wynalazku, ktére charakteryzuje sie
tym, ze nosnik ztoza fluidalnego stanowi ekspandowany polisty-
ren pokryty powtoka, ktorg stanowi warstwa TiO, o dominujgcej
strukturze anatazu, przy czym powtoka naniesiona jest poprzez
impregnacje z zawiesiny wodnej. Pod warstwa TiO, o dominujgcej
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strukturze anatazu znajduje sig warstwa SiO,, ktora jest naniesio-
na metoda zol-zel z dodatkiem amoniaku. Srednica ekspandowa-
nego polistyrenu wynosi nie mniej niz 100 upm. Ekspandowany
polistyren jest typu sferycznego. Ztoze fluidalne ma gestos$é nie
wieksza niz 30 kg/me.

(5 zastrzezeri)

Zgt. nr 441817, B22F 9/08

POLITECHNIKA WROCLAWSKA, Wroctaw

Sokotowski P.,, Korzeniowski M., Kustron P, Piwowarczyk T.,
Sajbura A., Wojdat T.

Uktad do ultradZwiekowej atomizacji proszkow metali i stopow
metali

Zgtoszenie ujawnia uktad do ultradzwiekowej atomizacji prosz-
kow metali i stopow, ktory charakteryzuje sie tym, ze w gornej
czesci komory (1) umocowany jest uktad topienia indukcyjnego
(2), ktory jest osiowo zorientowany wzgledem uktadu atomizacji
ultradzwiekowej (3), ma zapewniong ruchliwos$¢ na co najmniej
dwach stopniach swobody wzgledem uktadu topienia umozli-
wiajgca zmiane odlegtosci pomiedzy dwoma uktadami oraz ich
potozenie katowe, przy czym ruchliwosc¢ tego uktadu nadal za-
pewnia osiowos¢ wzgledem uktadu topienia indukeyjnego (2),
przy czym do dolnej czesdci komory (1) doprowadzony jest uktad
separacji (6) potgczony z uktadem filtracji (5), ktéry z kolei pota-
czony jest z uktadem recyrkulacji (4), natomiast do uktadu topienia
indukeyjnego (2) doprowadzone jest Zrédto zasilajgce (10), a do
uktadu atomizacji ultradZzwiekowej (3) doprowadzony jest uktad
stabilizacji temperatury (7), uktad sterowania (8) oraz generator
ultradzwiekowy (9).

(3 zastrzezenia)
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Zgt. nr 445615; BO1F 23/47
POLITECHNIKA LUBELSKA, Lublin
Potednik B., Franus W., Woszuk A.

Urzadzenie do spieniania lepiszcza asfaltowego

Przedmiotem zgtoszenia jest urzadzenie do spieniania lepisz-
cza asfaltowego posiadajgce ogrzewany zbiornik (1) w ksztatcie
walca ze spustem (1.1) w koncowej czesci, zas w poczatkowej
czesci zbiornika (1) znajduje sie pokrywa (1.2) z wlotem asfaltu
(1.3) oraz w poczatkowej czesci zbiornika (1) znajduje sie kréciec
wydmuchowy (1.4). Wewnatrz zbiornika (1) w jego osi znajduje
sie wat (2) w postaci rury z otworami znajdujgcymi sie na jej po-
wierzchni bocznej, do ktérego to watu (2) zamocowane s3 topa-
ty mieszajgce (2.1, 2.2). Wat (2) podtaczony jest do dozownika
$rodka spieniajgcego i sprzezony jest z napedem obrotowym (3).
Urzadzenie charakteryzuje sie tym, ze 0$ zbiornika (1) nachylona
jest do podtoza pod katem ostrym (a). Do zewnetrznej powierzchni
bocznej poczatkowej czesci zbiornika (1) zamocowany jest ko-
niec podnosnika (4) usadowionego na podtozu. Pierwsze topaty
mieszajgce (2.1) sg w ksztatcie wstegi Slimaka, zas drugie topaty
mieszajgce (2.2) znajduja sie na koncu watu (2) i tworzag $migto.
W konicowej czesci zbiornika (1) przed spustem (1.1) znajduije sie
przegroda (1.5) przelewowa albo wylewowa ze szczeling (1.6).

(3 zastrzezenia)

Zgt. nr 441763; CO8L 23/06

RE-SOLVE SPOLKA Z OGRANICZONA ODPOWIEDZIALNOSCIA,
Malbork

Cymarnski M., Olejarczyk M., Urbaniak W., Szymanska J.,
Szostak M., Paukszta D.

Kompozyty termoplastycznych polimeréw poliolefinowych z na-
petniaczami mineralnymi

Zgtoszenie dotyczy kompozytu termoplastycznego polimeru

poliolefinowego z napetniaczem mineralnym otrzymywanym
z popiotéw lotnych. Napetniacz w kompozycie jest zastosowany
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w ilosci 0,5-50% mas. w stosunku do matrycy polimerowej i sta-
nowi go czarny proszek sktadajgcy sie z kulistych, porowatych
czastek o uziarnieniu 10—120 pm, gtownie 30—-80 pm, zawiera-
jacych 50-80% wegla, najczesciej powyzej 70-75%, przy czym
pozostate sktadniki to gtownie zwigzki krzemu, zelaza, glinu i siarki,
i powierzchni wtasciwej powyzej 6—15 m?2/g, otrzymany z popio-
tow lotnych ze spalania ciezkich frakcji produktéw z ropy naftowej,
po wydzieleniu z nich zwigzkow metali i siarki rozpuszczalnych
w kwasach.

(1 zastrzezenie)

Zgt. nr 441951; C04B 28/36
RYBAK JACEK, Krakow
Rybak J.

Sposdéb wigzania odpaddow betonem siarkowym i prefabrykat
otrzymany tym sposobem

Przedmiotem zgfoszenia jest sposéb wigzania odpadow betonem
siarkowym, ktory polega na tym, ze do elewatora wejsciowego
majgcego dwa dozatory wprowadza sie do pierwszego dozatora
zimne kruszywo w ilosci 10—-50% mas. o uziarnieniu 1-30 mm,
natomiast do drugiego dozatora wprowadza sie kruszony ttuczen
i odpady o wielkosci czgstek 0,01-200 mm w ilosci 1-60% mas.,
a nastepnie kruszywo i odpady zsypywane sg przez otwory zsypo-
we dozatoréw na tasmy wagowe z wagami tensometrycznymi, po
czym stos w suszarni bebnowej suszony jest w temp. 135-155°C,
a nastepnie stos zsypywany jest do kubetkowego elewatora,
a nastepnie do zasobnika, z ktérego stos jest zsypany na wage,
a po odwazeniu wysypywany jest do mieszalnika, w ktérym stos
mieszany jest z polimerem siarki w ilosci 40% mas. i o0 temp.
130-155°C, po czym mieszanina grawitacyjnie wylewana jest do
zbiornika buforowego, a gorgca mieszanina w postaci ptynnego
siarkobetonu wlewana jest do form prefabrykatéw, gdzie jest chto-
dzona az do catkowitego ostygniecia. Przedmiotem zgtoszenia
jest takze prefabrykat otrzymany powyzszym sposobem.

(5 zastrzezen)

Zgt. nr 441903; C08G 12/32

SIEC BADAWCZA LUKASIEWICZ - INSTYTUT CIEZKIEJ SYNTE-
ZY ORGANICZNEJ BLACHOWNIA, Kedzierzyn-Kozle

Woch J., Korasiak K., lfowska J., Grabowski R., Chrobak J.,
Fiszer R., Scudto I.

Bezformaldehydowa Zywica melaminowa
Przedmiotem zgtoszenia jest bezformaldehydowa zywica me-
laminowa charakteryzujaca sie tym, ze zawiera 15-20 cz. mas.

melaminy, 30—45 cz. mas. glioksalu, 11-13 cz. mas. dimetoksy-
acetaldehydu, 8—14 cz. mas. wody oraz 7-9 cz. mas. wodnego
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roztworu kwasu nieorganicznego o stezeniu 15-25%, oraz dodat-
kowo 10—15 cz. mas. wodnego roztworu kwasu nieorganicznego
o stezeniu 15-25%, dodawanych w drugim etapie procesu.

(1 zastrzezenie)

Zgt. nr 442036; B0O1J 20/30

UNIWERSYTET JANA KOCHANOWSKIEGO W KIELCACH, Kielce;
POLITECHNIKA SLASKA, Gliwice

Stomkiewicz P.M., Szczepanik B., Piotrowski K., Sakiewicz P.

Sposob wytwarzania kompozytu weglowo-zeolitowego na bazie
prekursora weglowego z wtékniny celulozowej do adsorpcji na-
proksenu z solankowych wdd pokapielowych

Przedmiotem zgtoszenia jest sposdb wytwarzania kompozytu
weglowo-zeolitowego na bazie prekursora weglowego z wiodk-
niny celulozowej do adsorpcji naproksenu z solankowych waod
pokgpielowych, polegajgcy na zmieszaniu zeolitu mielonego
o rozmiarze ziaren 0,3—0,9 mm z wiokning celulozowg, ktory pole-
ga na zmieszaniu 4 cz. mas. zmielonej wiokniny celulozowej z 4 cz.
mas. wody przez 20 min, a nastepnie dodawaniu 8 cz. mas. wody
i poddawaniu homogenizacji az do otrzymania jednorodnej zawie-
siny i nastepnie dodawaniu kwasu solnego o stezeniu 10% mas.
do uzyskania pH zawiesiny celulozowej 6,5-7,5. Do tak otrzymanej
zawiesiny celulozowej dodaje sie 7 cz. mas. ziarnistego produktu
zeolitowego otrzymanego z 10 cz. mas. frakcji zeolitu mielonego
o rozmiarze ziaren 0,3—0,9 mm z dodatkiem 7 cz. wody solanko-
wej 0 zawartosci jonédw sodu ok. 12000 mg/L, jondw wapnia ok.
2500 mg/L, jonéw chlorkowych ok. 16000 mg/L i mieszaniu ca-
tosci przez 150 min i odsgczeniu jako ziarnisty produkt zeolitowy,
a catos¢ mieszaniny zawiesiny celulozowej z produktem zeolito-
wym odsacza sie z wody, suszy przez 6 h w temp. 313 K i kar-
bonizuje w atmosferze azotu z narostem temperatury 10 K/min,
w zakresie temp. 373-1073 K i w izotermie 1073 K przez 4 h.

(1 zastrzezenie)

Zgt. nr 442025; CO8F 112/08

ZACHODNIOPOMORSKI UNIWERSYTET TECHNOLOGICZNY
W SZCZECINIE, Szczecin

Wilpiszewska K., Gotdyn A., Petech R.

Spieniony polistyren o ulepszonych wtasciwosciach zawierajacy
nanonapetniacz mineralny i sposéb wytwarzania spienionego
polistyrenu o ulepszonych wtasciwosciach zawierajacego nano-
napetniacz mineralny

Przedmiotem zgtoszenia jest spieniony polistyren o ulepszonych

wtasciwosciach zawierajgcy nanonapetniacz mineralny, ktory
charakteryzuje sie tym, ze jest otrzymany zgodnie ze sposobem
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opisanym ponizej i stosuje sie nanonapetniacz mineralny w ilosci
5-50% mas. w stosunku do styrenu. Korzystnie nanonapetniacz
mineralny stanowi haloizyt i/lub montmorylonit i/lub bentonit.
Przedmiotem zgtoszenia jest takze sposdb wytwarzania spienio-
nego polistyrenu o ulepszonych wtasciwosciach zawierajgcego
nanonapetniacz mineralny, ktéry poprzez polimeryzacje suspen-
syjna styrenu w obecnosci koloidu ochronnego, inicjatora i $rodka
spieniajgcego charakteryzuje sie tym, ze podczas polimeryzacji
suspensyjnej styrenu dodaje sie do fazy styrenowej lub fazy wod-
nej nanonapetniacz mineralny w ilosci 5-50% mas. w stosunku
do styrenu. Korzystnie jako nanonapetniacz mineralny stosuje sie
haloizyt i/lub montmorylonit i/lub bentonit; jako inicjator stosuje
sie nadtlenek benzoilu; jako srodek spieniajgcy stosuje sie hep-
tan i/lub heksan lub pentan, a jako koloid ochronny stosuje sie
poli(alkohol winylowy).

(7 zastrzezen)

Zgt. nr 445208; B01J 20/26
UNIWERSYTET MARII CURIE-SKLODOWSKIEJ, Lublin
Wojcik G., Zinkowska K.

Sposdb otrzymywania polimerowych sorbentow

Przedmiotem zgtoszenia jest sposdb otrzymywania polimerowych
sorbentéw, polegajacy na impregnacji matryc polimerowych cie-
ktymi impregnatami, znajdujgcych zastosowanie do usuwania
jonow metali ciezkich i szlachetnych z roztworéw wodnych. Wy-
nalazek rozwigzuje problem techniczny w postaci opracowania
sposobu otrzymywania polimerowych sorbentéw przeznaczonych
do sorpcji jondow metali, zwtaszcza ciezkich i szlachetnych, ze
srodowisk wodnych, o duzych mozliwosciach sorpcyjnych.

(1 zastrzezenie)

Przygotowata mgr Anna Skurzewska
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®

Naczelna Organizacja Techniczna

ul. Czackiego 3/5, 00-043 Warszawa

Rok 2024 rokiem gen. inz. J6zefa Bema

Obradujaca 5 lutego w Warszawskim Domu Technika NOT Rada
Krajowa Federacji Stowarzyszen Naukowo-Technicznych NOT
ustanowita, z okazji przypadajacej w biezagcym roku 230 rocznicy
urodzin, rok 2024 rokiem gen. inz. Jézefa Zachariasza Bema.

Posta¢ gen. inz. J. Bema, bohatera trzech narodéw: Polski,
Wegier i Turcji, uczestnika kampanii napoleoniskiej, Powstania
Listopadowego i Wiosny Ludéw w Wiedniu i na Wegrzech,
tworcy wojsk rakietowych w wojsku polskim jest szczegdlnie
wazna dla ruchu stowarzyszeniowego technikéw i inzynierow.
To od zatozonego przez niego w Paryzu, w 1835 r. Towarzystwa
Politechnicznego Polskiego datuje sie blisko 190-letnia historia i tradycje, ktérych spadkobierczynig jest
Naczelna Organizacja Techniczna i sfederowane w niej Stowarzyszenia Naukowo-Techniczne.

Obchody roku gen. inz. J. Bema rozpoczng sie uroczystosciami w Tarnowie, miescie jego urodzenia
i spoczynku. FSNT-NOT zaprasza wszystkie organizacje i instytucje, ktorym bliska jest posta¢ Generata
i Inzyniera oraz noszace jego imie do udziatu i organizowania wydarzen Go upamietniajacych.

Federacja Stowarzyszen Naukowo-Technicznych

Telefon: +48 22 250 22 10; Kom: +48 785 870 461; e-mail: sekretariat@not.org.pl
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