A

FoI50INNTNUT AUTAFINALAZ NMIAUMULLANIE sUDIRINUAT DY

a { < a I o
dreanusoumn Tuaen Indanimannar 13 atiuilundn
= d v A
ST UANTTTA LU
a [} a [} L4
USyan MMTAATUIVUNG (AITAATANT)
r.’d' a a d 9 4 = aa 4
21013803 INeNHNUE AYIAITAATINTY AT. GNIUAT LRYTATANYTD

UNANLD

4
= 7

a o Yy 9 a Aa A Y a ]
QTL!’)%ElﬁhlﬂluuﬁﬂyWﬁhﬂﬁl%ﬁﬂﬁllﬁgﬁi\mﬁﬂWi@1u%1ullﬂﬂﬁl§fJGU’ENN’J‘WHLﬂa’EJU
<
3

Y a

9 9 9 a a( a ] A 9 9 a a
AYANUIDUIN ﬂﬂa1]‘15Z‘TH?J“US’QWI‘ELL@3W’J‘WHLﬂﬂE]‘U@’JEJﬂ’JﬁJiE]HH1IHﬂ®3JI‘WEW]2 YUA

Y 1A 1 A <] 9y Y a A A < a 1 A <} Y Y Aa a
1@un Amiwndevmannar ¥atuuuniiGeueen laduaziinundeumannd 13 aiiu/Fed
4 awv 9 ] ule o A I 1 o A =
pon lad lasauIde lautiduasumsauiuauesmu 2 @iunan As (1) MIAsouLas

= 1 Aa < 9 Y a A A 4 ]
msAnywanuu Tuneu Indamannd 3atiwuuniidoueen lea uazmanuur Tuaey In
a < a a J 4 Aa a <3 a
gamannd 3aiuaedeen laduas (2) mawseudundevun Tunen Indamanndr 13aiy
== 4 a A <3 9 Yy a a J s 9 a [ A 9
uuniiieesnlad uaziunaeumannat 13 atu/sineen lad Arematiansnundoualy
anufouuuulal 1
v Y = . . A A
MISNATOUAUTANTAIUMULDANIT8A282TMT Agar diffusion assay LOHINTINA
1 a I 9 Y A Aa A A
19)aveanslanzeeon ledaaerianaznurannar i adunideuuniis e Staphylococcus
aureus ATCC 25923, Escherichia coli, ATCC35218 Bacillus cereus CMUB25 HazuuaANS e
. ' o va
Pseudomonas aeruginosa ATCC 27853 w11 w1 luuunii@oueen laaiauiianis
AumuAslUAisy Staphylococcus aureus ATCC 25923 uazuuafiise Bacillus cereus
1 a o D 1
CMUB25 aunau Tuganeen ladiautiansdumuasuuaiise Staphylococcus aureus

wuaANse Bacillus cereus CMUB25 ttaztiuniiis e Escherichia coli ATCC35218 &14i5UM4

< Y Y a ] vAa Y
manna 13y lufiauialumsdumuuuaiicelas



IR T 7 o A = 0 a g ,
naranna liatuuazrlanzoon ladniaesriadsgniuiaisudunanuu Tu
a 9 an 1 [ A A = 9 A o
aouIndad 893 Msuanay WU anbazveInaut Tunen Indanason ldvianyacves
A A 4 Aa J J = Vo a dy a
pau TununiiiFonoon leduazmaun Tudedoon ladinizdansza100gn1usUNUAIVD
< Yy a A a g A A 1A A Ay ys o ¥
sumamannal 3aiy wemhmawssuduiuadon wun Auedeui ladanyusz Inseadn
~ 9 [ Y] £ 9 ] <3 3 4 ~ [
nganiaindrenuny FelsznoulUareeuniandvesian Yuveseon lud oyniahla
Aa A a < 9 Y A ~ A Iy
vaow nazgngu lasruadeuu Tuney Indamannar I3aiumuniiBoneon loaiifovas
A dgl < a a A A s
ANUNTUANATY tazaNuuitanasnwlTnumsiavoynau luunnthdouoon laan
A -4 a { a a o
Ny AnndeundlSnamsaveymau TununiiBoueenleq 1.25, 2.5 uag 5 Sovaz
g’ @ = - = Y A o Y A v A = <3 Y Y
Tagimin wun deasimsanvseuvyloalndifessutaz IndiResduiundeoumanna 13
a a = A |a a ~A A J 9 3} v A
atuuigns awndsnamaaveynmau Tuuunii@oueen lad 10 Fosaz Taotimini
[ = 1A A < 9 Y a a = 1 A 9
easimsanusonu lnagenidundoumannd ISaiuuians 1.4 w1 leonadoumsdiu
A A 1A A =) 9 A A 4
munuafizenudn Avadeu lidanvansadiumunuansed
) v A A < Y Y a a J S A A a a J
dmsuAundeumannar 13 aiu/sn oon lod NlUsuImmMsANe a1 Tugine
4 3’ = < [
onlea 1.25, 25 uaz 5 Sewvaz laothmiin I3esazanuniunazanuuislndifosiunag
Y A v A A 3 Y Y a a = A (A Aa a J 4
TndinesnuAnnaoumannd 13aiinusgns duidsmamadveyniau Tuginoon loa
9 :} v Y T Aa A < 9 Y a a Q‘f [ =
10 $ooazIastimin HSesazanunguannniundeumannd ISatduuigns 1.7 1139
1 Yy < Y 1 1 o = a = <3 Y Y A
dearnaliianuudaiesndn 1.3 11 easimsanusenvy laavesduaasumanna 13 aiyy
a J L= Y a a a s A dy 1 v A
Faavon lyatinui IduasasmulSuansdueynau Tugidoon leanmudiu A15alinig
] F4
e laduiiiesnnanmsdudinsnsyan Tnvesnsasnuniiise Staphylococcus — aureus

ATCC 25923 70 10.83 + 0.76 ttag 11.50 + 0.50 Naamas svsunuadeunlsuansauy

a J J 9 oy Iy o w
f)lgﬂ?ﬂlﬂiu“lﬁﬂ’ﬂﬂﬂll“]fﬂ 5 uag 10 5evag lagtimiin MuaIaL



Thesis Title Mechanical and Antibacterial Properties of Stainless steel-

based Thermal-sprayed Nanocomposite Coatings

Author Mr. Khomsan Janpin

Degree Master of Science (Materials Science)

Thesis Advisor Asst. Prof. Dr. Sukanda Jiansirisomboon
Abstract

This research aims to study mechanical properties and antibacterial properties of
stainless steel coating and 2 types of stainless steel nanocompositie coatings: (1) stainless
steel/magnesium oxide and (2) stainless steel/zinc oxide nanocomposite coatings. This research
was divided into two parts: (1) synthesis of nanocomposite feedstock powders and (2) preparation
of nanocomposite coatings by flame spray technique.

The antibacterial activities of metallic oxide nanopowders and stainless steel powder
against Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 35218 Bacillus cereus
CMUB25 and Pseudomonas aeruginosa ATCC 27853 were evaluated by clear zone of
antibacterial activities of Agar diffusion assay method. The result showed that magnesium oxide
nanopowder was effective against Staphylococcus aureus ATCC 25923 and Bacillus cereus
CMUB?25. Zinc oxide nanopowder was effective against Staphylococcus aureus ATCC 25923,
Bacillus cereus CMUB25 and Escherichia coli ATCC 35218. On the other hand, stainless steel
powder was not effective against all bacteria.

The stainless steel and two nano-oxide powders were mixed by ball milling method to
prepare nanocomposite powders. The result showed that magnesium oxide and zinc oxide
nanoparticles homogeneously adhered on stainless steel particles. Microstructure of pure stainless

steel and stainless steel nanocomposite coatings were rather similar. It showed Fe splat, oxide



layers, unmelted particles and pores. The porosity of the stainless steel/magnesium oxide
nanocomposite coating increased with an increasing amount of magnesium oxide nanopowder
but microhardness was found to decrease with increasing amount of the nanopowder. Sliding
wear rate of stainless steel with 0, 1.25, 2.5 and 5 wt% of the magnesium oxide nanocomposite
coatings were similar. At an addition of 10 wt% of magnesium oxide nanopowder in to the
coating had higher sliding wear than that of the pure stainless steel coating about 1.4 times. The
antibacterial activities of stainless steel coating and stainless steel/magnesium nanocomposite
oxide coatings were not effective to any bacterials.

Porosity and microhardness of stainless steel with 0, 1.25, 2.5 and 5 wt% added zinc
oxide nanocomposite coatings were similar. At an addition of 10 wt% of zinc oxide nanopowder
had higher porosity than pure stainless steel coating about 1.7 times which resulted microhard
ness lower of about 1.3 times. Sliding wear rate of stainless steel/zinc oxide nanocomposite
coatings increased with increasing zinc oxide nanopowder content. Clear zones indicated antibac
terial activities were found to be 10.83 + 0.76 and 11.50 + 0.50 mm in diameter for

Staphylococcus aureus ATCC 25923 bacterial.



