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ABSTRACT
This research aims to analyze the importance of both freight transportation and passenger
transportation, and to compare the significance of factors in freight transportation and
passenger transportation in the special development zone which consists of Songkhla,
Phatthalung, Nakhon Si Thammarat, Trang and Krabi, using the Analytical Hierarchy Process
(AHP). The research findings indicate that, overall, the five provinces have similar importance
placed on both freight transportation and passenger transportation, except for Nakhon Si
Thammarat, which gives higher priority to passenger transportation. On the other hand,
Songkhla gives significantly more emphasis on freight transportation compared to passenger
transportation, almost twice as much. When comparing the factors related to freight
transportation in all five provinces, they prioritize transportation by road, followed by
telecommunications and information technology respectively. When comparing the
importance of factors in passenger transportation overall, it is observed that air transportation
is given the highest priority. This is because the area is relatively far from Bangkok, and

passengers tend to prefer air travel. Meanwhile, rail transportation focuses on providing local

Faculty of Engineering, Kasem Bundit University Research Article
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train services due to the lower pricing. As for water transportation, it primarily caters to
travelers covering shorter distances. In practice, this area places more emphasis on water
transportation for short-distance travel and provides a competitive advantage in this regard.

KEYWORDS: Special Development Zone, Transportation, Analytical Hierarchy Process
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ABSTRACT

The objectives of this study is to develop an aluminum surface with hydrophobic properties
of the surface by mechanical and chemical methods. The aluminum plate was polished with
the sandpaper number 600, 800, 1000, and polishing and it was soaked in hydrochloric acid
and oxalic acid for 14 hours, and the aluminum surface characteristics were analyzed using
various techniques, including SEM, AFM, XPS and hydrophobic testing by measuring the
contact angle. The AFM technique revealed that the sample that had been polished with
number 800 sandpaper had the highest surface roughness of 851.77 nanometers. The
hydrophobicity testing showed that the contact angle of water droplets on the aluminum
surface was the highest at 140.92°. This indicates that a higher surfaces roughness leads to
a larger contact angle and better hydrophobic properties.

KEYWORDS: hydrophobic, aluminum, self-cleaning, mechanical method and chemical
etching
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ABSTRACT
The purpose of this research is to draw up a design, improve and construct a plastic waste
incinerator. To produce fuel with a ceramic insulated reactor and not insulated the research
results were divided into 2 parts: 1) physical properties of the product, 2) the effect of ceramic
fiber insulated and non-insulated reactors. To analyze the effect of temperature, quantity,
density, heat generated in the production process of fuel from plastic waste. along with
studying the optimum conditions in the production process of fuel from plastic waste. It was
found that the color of oil from PP, LDPE and HDPE was yellow, and the color of PS oil was
orange. The fuel from PS, PP, LDPE and HDPE were 2.14, 2.19, 2.20 and 2.21, with the
temperature between the formation of the flame is 390.3, 385.6, 431.7 and 422.9 degrees
Celsius respectively, when compared to general market fuel. Diesel was found to be
incapable of igniting and Gasohol 91 had the shortest flame duration. The pyrolysis
temperature at the optimum average heating rate was between 2.75-6 °C/min, which
resulted in complete degradation of the plastic structure. The product is most liquid fuel. The
density of the fuel was in the range of 0.698—0.811 g/cm® and the color of the obtained oil
was similar, But the amount of oil and the calorific value of fuel from a furnace insulated with
1inch thick ceramic fiber was only slightly higher than that of a non-insulated furnace where
LPG wasted in heating the furnace 0.75 kg by the volume of oil obtained and heat value Of
PS plastic waste, the highest was 895 or the percentage of yield was 89.5% and 43.67
MJ/kg, respectively. It was found that these approximate components were in the same

range as the relevant research. Therefore, the production process of fuel from plastic waste
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with ceramic fiber insulated reactor. It is suitable as a tool to produce fuel from plastic waste,
because it saves more energy and obtain more fuel products, to be an alternative fuel or to
replace the fuel sold in the general market.

KEYWORDS: liquid fuels, reactors, plastic waste, pyrolysis, plastic waste incinerators
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Wnialaglfiewlssd Rapidase Ex Color uazdszifinanumaninlunmsduauyadaszuas
g138ne lagisududinsszauanudutusesanwlodlugisTonas 0.25-3.0 wudn

v £ 6 v v 1a a a (2 = s q“: = A
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anututuvesenledioa: 1 WanwnsvasszoznalunsanadaySunmualsfivasdi
anald nuirszpznafmnzalunsanade 3 ﬁ'ﬁim‘[@ﬂﬁﬂ%mmﬂ%mmgﬁu laladin
wazlueualsAwyingy 40, 33 uaz 48 SadAnTW/NTN AWEGD MNUINETERANILAS Y
"L@Tmﬁnmﬁmm:ﬁmmmmmlumsﬁmagﬂaﬁmzﬁaﬂfi’ﬁ DPPH-RSA, FRAP &g
Reducing powder Wuinasanaaniitedinassvasindnildiewlodlunszuiunisanad
m']ummsnlumiﬁmawaszgdﬂ’hq@msmaaoﬁvlajﬁmsslfﬁl,auvlfnﬁluniw’;umiaﬁ'@
Uszanms 2 tiila3iesneiens3s DPPH-RSA was Reducing power Lazlseunmh 1.5 winida
51031=¥ @855 FRAP e9tiwn5191awlasl Rapidase Ex Color suns5ngaalunisiiy
Uszaninwnsanaualsfinasdanniilafinisssosiniriuazssnalianusuisaly
miﬁmawaﬁmuﬁwfurﬁuﬁu

o o a

ad1Afy: Wnd1a, Rapidase Ex Color, ualsfiuayd, liafinios

ABSTRACT

The aims of the current research were to optimize conditions of Rapidase Ex Color-assisted
carotenoid extraction from yellow pulp of Gac fruit and to evaluate the antioxidant capacities
of its extract. First, the proper Rapidase Ex Color concentrations (0.25-3.0%) were
investigated. It was found that the highest lutein, lycopene and [-carotene contents was
observed for the sample treated with 1% of enzyme. Thus, 1% of enzyme was selected for
further study relating to the effect of pretreatment time on the carotenoid contents. The result
showed that the pretreatment time with enzymatic treatment for 3 h gave the highest lutein
(40 mg/g), lycopene (33 mg/g) and B-carotene (48 mg/g) contents. Furthermore, the extract,
prepared by applying 1% of enzyme and 3 h of pretreatment time, was accessed its
antioxidant capacities by DPPH-RSA, FRAP and reducing power methods. The data
revealed that the antioxidant capacities of the enzyme-treated sample was higher
approximately 2 times for DPPH-RSA and reducing power methods and 1.5 times for FRAP
methods when compared to that of the enzyme without enzymatic treatment. Therefore, the
utilization of Rapidase Ex Color could assist for increasing yield of carotenoid extraction as
well as antioxidant capacities.

KEYWORDS: Gac fruit, Rapidase Ex Color, carotenoid, yellow pulp
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1. UNw

a € ' P . A A& A o &
ualsfinesddaidusningulnlainiinas (Phytochemical) inulusssumanidsuazan’

1 = 6 1 1A A a wa s
srdsznavlunguualsfivasdaulng Jfuasuazinies domautfazasldluloiu lay
XA . A A4 o A wn d €1 &
svdsznavlunguitiinnnnid 600 sile Sedudquandandulszlovidaiiimonywd
laspadnduautdlunmdueuyadas: uazlquand@lunshmiidulysiondue
(provitamin A) laalds3aniiutaNIanaudda we-ualsfiu (B-carotene) uazuaari-ualsfin

A A a s 1 v a [ v ' A
(a-carotene) T4 TWa1oTliadninganlddroardznavualifinvand laun vzidana
Wnnad uasen vzazne udu lassnrasduvesdszsinalnodnuissiafifisnonunide

IS ' a A v ad a & A . . 3 A
INTBUAEIY EGLLﬂITY]ua HIL aﬁnm’mm’m IFIRAIAD Momordica cochinensis Spreng. d

'
a °

Auiialwlszinadn wan g a1 Tanaune vatde uacWaUTus Wﬂﬁnlﬂu‘ﬁ%ﬁq@u
o P~ A ' ~ A A o ~ A A
ludraseangninadinwnguualifivesd laodafin laladu uaziudrualafin $dl
qmauﬂ'ﬁlumsmUaﬂm'}m?{mmaonwnﬁakamﬁa Tsanala uazlyniunninm unga
> a aqf o o a n:i [ =S £ =
snan dnnadsiinialadusiiangislunisgaduanvlaladu waziudualsfiu [1] lag
A = o A |1a o a ' = ' p= '
awdavasindfvinaudualifiuginiuasanis 10 i wazdlaladuuinnd
Nzilanaig 12 1¥i1 [2-3] REAAABINUIILINWNNTILVEY Kubola and Siriamornpun [4]
wohndnuTnabafuniafuasdyianalaladu 7.02 mg/g extract USanmudiuals
7% 8.90 mg/g LLa:ﬁﬂ%mmgﬁu 6.50 mg/g ashavlsﬁmuLﬁaﬁmm‘?ﬂﬂﬂ%aﬁmiﬁwm
U 6 1 2{’ A A £z A a a o 1 n.‘?l’ a A £3
15Uszlamiannnintita A1 A 900 IWNTIIBITIN9IWATI NI L RLnAasnaswnTn
fivsumlaladudszanm 4 mgg dSunonudualsfiudszunm 3 mgg uazdSunmgfin
lagdszanm 2 mg/g lasinuissnuinlaladusunsasisansaruisdlunmsifianzSele
e 1w uzifidaugnuann vziselu szuumadueinis wazuziiiden uiud
uwalsfiutumuninwdswduwiondueldluimevesnusddlianuindudeguninuas
MINAWIVILhaLEDLTRE LLazgﬁuﬁﬂszimﬁ@iaqmmwmaamam FFINTIVRAANNLRE
mifialianaeriiadiany nddnae lsadanszan uazlsngaiunmwiies (5]
nsanasIngainlatadnanandzaaisairldnaisitldun n1sanalasld
#1¥1Nazane (solvent extraction) L LANIUBR LUNIUBA LAZBZTLAK 889 bAANTTBNK
FINITENAGIAIVIIRL AL AUNT NI IR IR LA T NANEAT LA A aUT1 967 NITh
2719 HaINNATIRIILa L HaTaIN T NTS AN WY e ndanisuntngui T vas
AYNRraNLBWNSE aduNaINNUTEANTAIWATEN® mﬂﬁauvl,snﬁnﬁjwﬁaiawﬁfamaﬁmaa
w1 enlrdisagas uaziewlodinadualunszuiuns pretreatment naunisanasay
o o R & A A 2 AN o A o 1a o oA &
drhazapiadudnmaienninldivanafivauadilianasasaznalangsau laoan

33982849 Sangkasanya et al [6] ANBINSIANUILANTAIWANITRNALALIAIRBHANN
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lafinaasuasinarilasldionlss Rapidase Pineapple wuinmsldiaslasiaanaivinly
walsinesdnanaldimududofoutunsldsmasapanaissainadortsasfinledin
owloddanusunsalunistisnisanaieldlasseangninistinwldlaganiae
Mmunzaufanisldiawlas Rapidase Pineapple Arnadudusasas 1-2 laUsu1muas
saualsfivend laun gfin laladu wszidualsfiudszanm 16, 15 uaz 30 mg/g aoiulu
muﬁﬁ'zlf:’?iqﬁfmqﬂizmﬂ(l,ﬁiaﬁﬂmmamazﬁmmzaﬂumﬂﬁauvlmﬁl,waamamamsﬁ”wﬁ
ﬁ'qmauﬁmum‘mﬁmaﬂ'i“@qmnﬁws'ﬁaﬁﬁa Rapidase Ex Color fi3*@UAMNITNT WA
sepziianlunisanauandsiulunsiudszinsnwnsanaualsfiuosdainiiledindes

PaIWNT ez U2 BANURN msnlumséﬁuawa DRIZTVAIRIIRNG

[ 6 a o
2. JoilszasAzaIn1ive
1) INBANMINATBIANUTNTUUALTZBIIANVRINT Lo busl Rapidase Ex Color 14
ATTUIUNNT pretreatment ABWMNIRNAMIBMYINaza8dalssanTMwMIanasnILalsiinass
d? a A Lz
NNBaFNRaIUaINNT
2) Wadsziliuguandalumaduegyadaszrasmianannitefiniossasindna nd

mybanlailunszuiums pretreatment

3. A5 RNN13I98
¥ a '3
3.1 JanAuuaziawlss
Wm]’ﬁﬁ:U:ﬁgmLﬁuﬁﬁmmauyizﬁmnmm@‘lﬂ PWNnTN e unaIrinaNuazana Uan
A ' & o A Y ' AN o A A & <&
WAAN LENLENLANIZEILLLORIAR DY ﬁ]’muummamaﬂ"l,@uﬁﬁﬂuqaag}amuwﬂaaa VAL
%’n‘mﬁaqmugﬁ 18 adeLTaLgaR tWasan1TataTzhlntuaaundatl wazlun1ididuaisnas

v 6 a v A . a o a d' o o
1°HLE]%VL‘H3JLWQ(§IL%?('Y]'NT]’]3@]’] 138 Rapidase Ex Color 3nNUIBNRYINUINADT 1N

32 nisdansinavastanlaiinadiwanisnasan (Rapidase Ex Color) Aan1stiial
Uszansnmlnnsanassualsiinasdaniiladimaassasinan
3.21 NIANBINAYIANNLTNTWYDILOWLHa] Rapidase Ex Color 14Nn13 pretreatment
dalSanmansualsiinasdaniilafinassuasininnianala
aramsualsinasdanitofinaasvesininfesouldandunoui 1 lasdiase
lun1sfinwn Ae aanaduduvasiawles] Rapidase Ex Color lugisiauas 0.25-3 i7a

A A A o ' o aa o o
NINARBIAILANAD mmsmaamvlwmﬂmauvlsﬁﬁ“lum‘smyaﬂ@ Tasasnisanaazls
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ad ¥ 4 ada = a v
'J'ﬁﬂ']iLLﬂzaﬂTJ5‘36071'151‘]]’1,8%1513'&1@]'1&]'35?11?1]a\‘i Sangkasanya et al [6] TILINGAWIN

eaa '

L ALRIVBINNTIN 2 NN NRNNUINNAWUSNIT 28 TafaaT LEONNaININIIMaa e
azpfiflounassuazinlulaludlug 1 wifl ieSouiewlssf Rapidase Ex Color fiamaantu

Taaaz 0.25, 0.5, 1, 2, kaz 3 (UTN1a9/d30107) 5 488807 annuiiu waunualaeng

12
a A

Wesnasseswndnfiesonld luszndnsvinnisanaazirfiolulasiawie lame
pandLaneananmausanaduiian 20 3w wiaunswenlasld orbital shaker (s
30 W7l LHaATULIALANAIRTAERENITAING LN axFlan | LlanInes (50 : 25 ; 25)
NENEIY BHT (uduiasas 0.05) U5unas 50 Iasaas uazinldiwdnd18n 30 wit dne
dagnsaslunsrsusn windunm 3 wift seliuondu fvduwlasuun vnmssnadn i
sufianalananuatfiusnesn lunausdasiuua LLﬂ:ﬁﬂﬂLﬁU%’ﬂmﬁqm%Qﬁ -18 a4¢n
wwaos tasamydarsisiauazSuinnualsfiuoadasly

ATz aianazUSunmunlsfinesdalruinadia High Performance Liquid
Chromatography (HPLC) ﬁﬂ’n&lm’mﬁlu 450 nm izuuﬁ"sﬁmxmmﬂﬁau‘ﬁ' (mobile phase)
fa acetonitrile (ACN), dichloromethane (DCM) and methanol (MeOH) luaaain 5:4 : 1
Tapd5u1a3) laginsdusns BHT 0.1% ludavhasansindanil sas1i52896vinazans
aauil 1 mUmin Usunaslunisaasiadng 20 uL wazldmsniasgiuvasiuaiualafin

laladu wazgfiu nmanaspwiadwindiananudualsfiv lalatu uazgfiu [7]

3.2.2 N1IANBINAVDITEHELIA LW pretreatment laalxtawlwal Rapidase Ex Color @@
Snrmansualsfinaaaainihadnaossuasinanana ber
A L2 £ rd' v 1Aa a 6 t:i
Wananududurasewlminliuiinnualifinesdgagaannminasaslunaui 2.1
VANBINAYDITULIA MWANTRAA LA 0.5, 1, 2, 3 4 WAz 5 T laddatSunnualsnuasan

16 TaglatnvananasmMIdaINzALaLINUMINAaad e ann 3.2.1

3.3 mﬁLm'lzﬁﬂﬂummsn‘lun'ﬁé’mmma%mwma'lsaﬁ'ml,ﬂ'[‘sﬁuawi‘ﬁaﬁ'm
Tael#awleal Rapidase Ex Color antitadinassuasining
Lﬁanama:mmﬁ'@ﬁlﬁﬂ%mmmkﬁuaﬂ@i’gdq@mnmm@aaﬂumauﬁ' 3.2.2 lasiin

miaﬁ'@ﬁm%u"l,@i’m’iLﬂi’]:ﬁmmmmmlum‘séﬁuawaﬁai:ﬁaﬂfa‘ﬁ'n’lsﬁu@m@mﬁu 373%

Ao mifjmﬁzﬁmwmmmiumsﬁwuaggaﬁaizﬁaU’?% DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical scavenging activity (DPPH-RSA) 3% Ferric reducing antioxidant

a

power (FRAP) UazaD Reducing power lasftmian e
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331 maenzdanuaERsalvnsiweanyadasza21875 DPPH-RSA (Aaudasain
Phakawat et al [8])
A Qs Qo v v tﬂ. v o o tﬂl A v a
13891981 TN A IUTZALANNTNTUNIRUZ7N waIRITANANIE39 la USuas
1.5 4a88a3 WAy 0.15 mM DPPH reagent 1.5 4adaas thandulurasiiaiduiia 30 wii
‘3 ° o 1 = d‘ t:!' o U d‘ = s
MNUwIENIAINIgANARLEITIANNE1IATYK 517 nm thef ld lWisununawanasz
Adg1su1a3g ufe Insdand (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid,

Trolox)

332 N13AIITHAMAFINI0 IWNITAIBORNADAIZAILID FRAP (Aauilasain
Phakawat et al [8])
A Q Qs v v ld' v o Qs dl A v a
B0WRITRAAIUILAVAM VT NI UM ANILEN uAIE1TENaNIIaa ba USuas
90 lulasanT Naua1INENVad FRAP Reagent 2.7 ml (49384310 300 mM Sodium acetate
trihydrate pH 3.6 25 488863, 10 mM 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) 2.5 Aa8aas, 1
M Ferric chloride hexahydrate 2.5 a8a93) waztdniinaw 0.27 Aadaas vaunluiasie
Jwan 30 w11 NHWIANIAAINIIANARLEINANNENARK 593 nm WA be by

s c!ld = I3 €
ﬂUﬂi’]WﬂJ’]@]iﬂ’]%‘ﬂNﬁ’]i&l’](ﬂiﬁ’]%ﬂa I‘Yﬁﬂﬂﬂsﬁ

333 n133tAs1TRAINEINITAlRNITA 1RO UNADATzA287 5 Reducing power
(Aaudadann Intarasirisawat et al [9])
FeassssnaluszaunnuTutuitmanzay wahssananseanslasunas

05088507 91N%uLAN 0.2 M Monosodium phosphate pH 6.6 0.5 Ua 8863 LAz 1%

Potassium ferricyanide 0.5 488803 ﬁﬂmﬂuﬁiqm%{]ﬁ 50°C 1ui281 20 W91 9 NTELAN

@28 10% Tri-chloro acetic acid 0.5 ¥888®3 W8 0.1% Ferric chloride Hexahydrate

0.2 AafAaT ﬁ']vlﬂ’i“@@hmsgaﬂﬁuuaaﬁmwsmﬂfiiu 700 nm siedlaldiisuiunsv

aa A < &
a1 @]53’1%7]“ GRRENN @]327 wea Iﬂjﬂaﬂsﬁ

4. MFIAIITHENIEDA
MNUNBNIINARBILUY Completely Randomized Design (CRD) wazIlaTzRANAY
u1/31/37% (Analysis of variance, ANOVA) lanlglisunsndiiagy SPSS version 12.0 uaz
a a ' ' A ' o )
Winuiflsuanuuand1szesdaioszniteganiinasaslasls Duncan's New Multiple

Range Test (DMRT) N15zaUa NN TaNuIasaz 95
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5 Wauazanus1gnan1sIve
51 WAYIAININTRYDILW L%l Rapidase Ex Color 1401135 pretreatment Aail3anms
~ & & a - [y A o o
asualsnwagaanitafinaasuasinananata
MNMIANBINEVBIANNTNTUVB L% I53 Rapidase Ex Color $a8az 0, 0.25, 0.5, 1,
2 uaz 3 lUIUABUNIT pretreatment ABUNTZLIWAIFNALA IR MBBAINNLLaRIRRDIVDY
Wndraldwaniinasasasuaasluguf 1 wudimnganinasasfiinisldion ol
N32UIUNT pretreatment ﬁaumiaﬂ”@ﬁﬂ%mmgﬁu 1aladw waztudualsnwayinnin
TANINARINFAAGIBAIAzALNI0E19A87 (TAAIUAN) wazilonnuLTuTwes
6 n' J 1 2 1 v 1a = o‘d' 23 9/09/' a A' 43
LA LTU NN T WL WTI9T088: 0—1 FINALALUSNI LA LINUBHANENA LANT 3 THALAND
1 =3 dl v v AI J 1 v a =
(P<0.05) atnslsfianuiliaanuituiuvadiauloiidiniulugisiasa: 1-3 YSumgfin
=1 v = Q. g 1 ] Qs 1 = o o %] > qul v v
laladnuaziudualsfinmninlinandanuadnslinadan (P>0.05) A9%WANULTNTY
49910 lo3] Rapidase Ex Color itndnzanlunisanaunalsfinesdanniiloaindiniosvas
WatfaTasas 1 398ana NN NTRAINAIN LT LN1TANBINAVBITE DRI ANIZRN L
MIFENA MIANIIAanea 11
3ltiaw b Rapidase Ex Color l4nn3 pretreatment AawAITLIBANTINARINITOLAN
USunnualsnasanana laiiadann tawleosf Rapidase Ex color tulanlosinansening
6 a 6 a A & 1 aid A 1 £ 6 A
nlodinadiuauszionloiiadioagasdaduanlodlundundguentdesntusadie
al 2 ﬁ? ::i A = a s t:i ~ o v 1 v K ) ::i
lagiUn@lassasraihattarasNrdnssssanudaunsirinlvenndanisdnfsvasaivinazanu
(> =l 1 = ™ ‘i’/’ L2 6 1 ci 1 o 6 A = 1 v
Itlunssiaiiosadnadon asunislfionlodnduidesntsioasuasiy Fadenald
b o s o v 1 L= U é’ 1 vV &
HidLradgniatsuazdIinazatea NI dudnguiamas ladoiudinaldidu
madudininmwlunssiamslunguualifiuesd laswaniinasaizaandasnuauiie
9849 Choudhari and Ananthanarayan [10] @nsnslgtawlodinadualusisanuidudu
$a8% 0.5-4 WUIINTLANNANULTUT WU DILa% M LN AR LWERINITOLANUS U IS DU aZNE bel
. A o A < v A £ v @
(% yield) va3a7ialadufianaannuziiamanina latindunlasanuiduduwsasion log
waduaninanzaylunsanadatass: 2 uszaansnidudTinalaladuldgadia 90.6 po/g
di = o d' 1 L 6 ' =3 ' di tZ L2
(188%) aifivunuganisnasasnliiimildiewlsd adslifianunuinleanudutuves
A a X . o | a a o {
LOWITULNARLWRLIANT WL UTI9T088: 24 WUINUSU s bala Dl uwi ldNaINLazaaas
WBNKas LazaNIUITBVeI Ranveer et al [11] ana taladuannuzidiamalaslfanuidutu
6 a d' 1 o 1 L% 6 o d' o v n' 43 di a
YaILW LT LNA AL UENLANEIINWNLITNT LT aW ldvin 1w b latunana el NuAwLi ot gy
[ U Qs o [ ~ 1 A 6 a d' o
AUNIITAIVINar A RNALN LI L19LAL) Law kTl lWAGLLEN 2.0% RINITDRNARIT LA LATI%

LWNR1N 200 pg/g L 1000 pg/g LaZITNINWITBVAS Lombardelli et al [12] iMn1Tana
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walsAnasaarnusidainalasldionlodnansznineg polygalacturonase, pectate lyase,
1 U 6 o 1 1 a' a ~ {p.i > v
cellulase Uaz xylanase wuinnshtiaulosiasnatisluiindSunmualsinesanana la

VTN

8 % & &
N N N
H
H
H
H
-

-
(=]
1

Lutein content (mg/g)
I T
1
H

o
L

0% 0.25%  0.50% 1% . 2% 3%
Enzyme concentration
U

0% 0.25%  0.50% 1% 2% 3%
Enzyme concentration

ﬂ I

0% 0.25%  0.50% 1% 2% 3%
Enzyme concentration

[T
[=]
]

N
n
1

)
(=]
1

[y
(8]
1

[y
o
1

6]
1

Lycopene content (mg/g)

o
L

s8] %] B %2
=] o [=] (=)
1 1 1 ]

_
[=]
1

B-carotene content (mg/g)

[=}
L

P LY ¢ : ' a a
3‘1]711 Namaaﬂ'ﬂm‘ﬂu‘ﬂwﬂadta%hu Rapidase Ex Color ma‘ﬂia\l'lmg‘n% (n)

] L
Talafin (7) waziuaualsnm (A) Nanalaaindlwiibadnaasuasinang
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5.2 Hava9IsrEIa b pretreatment Inalziawnlusl Rapidase Ex Color Aail3anmans
walsinagaarnitadinansyasvnINanale
PMNMIANBINAVBITLEZIAN LU pretreatment LaWA 0.5, 1, 2, 3, 4 waz 5 T ludlayly
ool Rapidase Ex Color daUSunmualsfiuasanana baaniiadinassnasnndiale
HANTNABIAIUEAIlUIUN 2 1nHanINaaaswuitliaszaziia1lunny pretreatment g
AI g 1 v A = dl Q U AI J £2 1 Qs
Lew lrliNVIuEINa LS I LA lsNikasaNana NN BABLITUAK (P<0.05) lagszaziian
Elumiaﬁ'@ﬁslﬁﬂ%mmg}ﬁu "l,aIﬂﬂuua:mé’mmisﬁuqdq@ﬁa 3 12139 at19lsAa NIl
@ a X @ ) . a A A o o o
2L MRAITRNALNNTWHRAIDIN 3 T2 LUINUTIUTU A LIk aNaNa 1w Lt
latAsuntad Han1TNAReIN laaanAaaInUINwITBVad Kha et al [7] ld@nEHaUD
v 6 a 1 a a g/ L d'
328212811UNNT pretreatment dastaulmaliwadiug lugag 0-180 wifideUSunaindungay
TudraarsualsinasdarnWntIINana balagaInNNanITNA8 8 INUINNDIZULLIAT b
A X v 1a Y o o A A X < = A A
AT pretreatment LANDUFIHA PAUTU I TUN NI TANANNTUIUNTLNIDIWINAN 120
Qq: ‘ﬂl AQI l&/ =) :/ L 3 v ‘ﬂl Qs A tﬂl 1 = o o >
nnuiazezanANh USuaihiuinifana le lifinsdfewulassadedseimean
L8¥AINIIWITHVEY Strati et al [13] Annsldionlmiinafinauaziouloiizagiaalu
MIFNaLALINkaLAINNEIWRAaNINNI T o alaudn1Tul 3328218 I TUNULANAII N
Tug39 30-240 w9l lasuan1INaaaINLILilaTzazIa b un1T pretreatment duLaw s
a £ v 1a a & & A £ > A9 o 1a a &
LNNDEING AU U DA TSN UD A NIRN AN UULT WA WL ABTZ AN A LT A L3N0 81
TugIgada 180 wifl nasnuuSinmualsfiuesdrudumilivaaas
o & A o a & & a A % A @
AINWFNIEM RN RN IWANTENALALSARauaINLHBRLAR 092 0INNTIIAaNT b
AN NTUeILaw L1y Rapidase Ex Color 888y 1 wazlgszaziianlun1sty 3 17lud lag
v v l:l z | o %
azliansgfin lalafuuaziudualsfiviindu iu 40, 33 uaz 48 mg/g URIAL (TAAILAY

TUSunmansgiiv laladuuaziudualafiu 16, 14 uaz 26 mg/g auday)

U a > ~ 3 t.‘{y = =)
5.3 m’mmm‘m‘l%mimummaaa‘szmaamsanﬂu,ﬂ'[sﬂ%aslm'mmaamaaamaa
W2
wAl3NwaaaL a1 INNU La b EITNTIEN LA IWNTN A FLAS §3 LaZIARD IGLIGEUIE
Lﬂuﬂ”amsé]”mawaﬁmz msn’amﬁcﬂ,uﬁaLL’mé”ammz“ﬁaﬂﬂaaﬁ'umiriaﬁwaaawaﬁaiz
A« o A A oA o = ' A o A cl A wn o @
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ABSTRACT

This article's research has created an analytical hierarchy process on the android operating
system by creating a mobile application system to optimize analytical hierarchy process
decision making (Analytical Hierarchy Process: AHP). This android operating system
comprises eight areas for designing mobile apps, which include 1) The optional assignment
portion 2) The low threshold part (Threshold Level) 3) The component for picking the first
option from the possibilities shown in the first layer. 4) The section for setting the criteria
(Criteria) 5) The section for developing the decision hierarchy (Develop Decision Hierarchy)
6) The section Comparison of criteria per pair. 7) Section for estimating the alternative
importance of weight (Weight) 8) Section for Sensitivity Analysis. By employing a sequence
analysis approach (AHP) to Increase the effectiveness of decision-making. It features a
distinct working technique that is simple to grasp there are features that may be utilized to
determine the value of numerical alternatives as well as to determine the value of numerical
alternatives. Can determine the rationale for the choice this enables decision-makers to
organize their thoughts thoroughly and without ambiguity. Is a method that has been utilized
because it aids in the saving of time. Improve the assessment's accuracy reduced prejudice
leads to more credible research. Because the application system shown here was created
for usage on smartphones running the android operating system. It is available for free
download on the “Google Play Store” for those who are interested.

KEYWORDS: Analytic Hierarchy Process, Android Operations
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ABSTRACT

The method for increasing the rate of heat transfer is presented in this experimental study
using the suspensions of magnetic particles which are composed of Y-Fe,O; magnetic
particles (gamma-typed iron oxides) ranging in average diameter size 10-20 nm dispersed
in distilled water. At different volume concentrations of 0.50%, 0.75%, 1% and 1.25%,
the experiments were conducted in a vertical, internally finned pipe. To increase the heat
transfer rate, three different intensities of external magnetic field 800 Gauss (G), 1,600 G, and
2,400 G were applied during the pipe flow experiments. All tests were performed within the
Reynolds number (Re ~ 2,900-9,800). The outside surface area of the copper pipe was
directly applied by the uniform surface heat flux during heat transfer experiments. As the
volume concentration of the magnetic particles and the external magnetic field intensity
increased, the average heat transfer coefficients increased. The maximum increase in heat
transfer rate can be gained at particle volume concentration of 1.25% and the strength of
external magnetic field of 2,400 G as compared to the base case with no application of the
external magnetic field (0 G). The pulsating flow with high frequency is another factor which
can increase the heat transfer rate in the pipe flow. At the frequency of 15 Hz, considerable
amount of heat transfer rate can be attained.

KEYWORDS: gamma-typed iron oxides, surface heat flux, magnetic field, pulsating flow,

heat transfer rate, average heat transfer coefficients
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1. Introduction

Traditional heat transfer fluids such as oil and water with low thermal conductivity have
limitations to improve the efficiency of many engineering equipment. To improve the
performance of several engineering equipment that involve the heat transfer such as heat
exchangers and electronic devices, heat transfer fluids with high thermal conductivity have
been used. The use of very small magnetic particles as the dispersed phase to increase the
thermal conductivity of the fluids is one of many innovative attempts. The average size of
magnetic particles must be under 30 nm to be able to uniformly be suspended in a liquid.
The solid volume concentration has a major effect on the magnetic particle suspensions’
energy transport. The dramatic improvements in effective thermal conductivity have been
indicated in many recent experiments [1, 2]. The ratio of magnetic particle suspensions’
thermal conductivity with respect to pure water can be increased by increasing the magnitude
of the applied magnetic field [3]. The magnetic particle suspensions’ thermal conductivity can
be increased exponentially with the particle volume concentration and the suspensions’
temperature as reported by another researcher [4]. The heat transfer performance of
magnetic particle suspensions in the vertical pipe flow has been reported by a few
publications. For practical heat transfer processes in pipe flow, more studies are needed for
using the magnetic particles as the dispersed phase.

The magnetic particle suspensions comprise of ferromagnetic particles as a dispersed
phase and a nonmagnetic, continuous fluid [5]. Typically, the magnetic particles are very
small in the range between 10 nm and 30 nm in diameter, which are coated with layers of
surfactants to keep the particles uniformly and stably suspended in the carrier fluid [6]. The
dipole-dipole interactions may cause the aggregation of some magnetic particles [7]. Without
the externally applied magnetic field, the suspensions do not have any net magnetization
and the magnetic particles are oriented randomly. When the suspensions are imposed by
the external magnetic field, the magnetic particles in the suspensions align to form chain-
like structural shapes in the same direction as the magnetic field [8]. The magnetic particle
suspensions can be a major role for many heat transfer applications because the
suspensions can be manually controlled by the temperature variation and magnitude of the
externally applied magnetic field. The viscosity of magnetic particle suspensions was
investigated to be used for applications in heating and cooling systems [9]. To improve high

stability of the suspensions for increasing heat transfer performance, some dispersants such
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as gum acaria and cetyl trimethyl ammonium chloride were investigated to be used in the
suspensions [10]. Another experiment was done to determine the frequency of the oscillating
applied field has effects on the variations of the local heat transfer coefficients [11]. Another
interesting report was to determine the forced convection heat transfer in a pipe partially
filled with the porous medium was affected by the magnetic field induced by a finite length
solenoid [12]. A higher mixing intensity and breaking of the thermal boundary layer were
results of the combined effects caused by the magnetic field and the porous medium. This
in turn can optimize the enhancement of the local heat transfer coefficients and local Nusselt
number values. The heat transfer characteristics were determined numerically by some
investigators. A zigzag-shaped microchannels and a channel with sinusoidal walls were used
as the models [13]. As shown in the studies, heat transfer can be increased in the sinusoidal
microchannel without the use of any magnetic particles in the carrier fluid. Decreasing the
wavelengths of sinusoidal and zigzag-shaped microchannels can cause the increasing in the
local heat transfer coefficients. Some applications such as electronic cooling was
investigated in two-phase closed thermosiphon filled with nanofluids [14].

In this study, the heat transfer performance by using the magnetic particle suspensions
was investigated in the vertical, internally finned pipe. The fins’ helix angle is 15° as
compared to the other studies which were done with the helix angle more than 18°. The
important parameters such as the particle volume concentrations, the magnitude of the
external applied magnetic fields and the frequency of the pulsating flow were the main

objectives of this study in order to find the right choices for heat transfer enhancement.

2. Objectives
The objective of this study is to identify the important parameters such as the particle
volume concentrations, the magnitudes of the external magnetic field, the frequency of the

pulsating flow and internally finned pipe with have a major effect on heat transfer

enhancement in the pipe flow.
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3. Materials and methods
3.1 Apparatus

Figure 1 shows schematically an experimental apparatus for experiments in the vertical,
internally finned pipe flow. The test system consists of a flow loop, a heated test section, a
heat exchanger, solenoid coils, measuring and controlling units. Two types of pumps were
used for testing. A Longer peristaltic pump which comprises of three rollers, silicone tube,
inverter, and 0.75-hp AC motor was used for pulsating flow. A centrifugal pump was used
for continuous flow. The surface of the copper, internally finned pipe was connected by ten
thermocouples to measure the wall temperature at different locations. The cooling effect was
done by using the heat exchanger to maintain a constant temperature of the magnetic particle
suspensions at the inlet of the test section. Three pairs of solenoid coils were placed at
the left and right side of the test section to generate the external magnetic field. A maximum
current of 50 Amp from the DC power supply and maximum voltage of 150 V were used
to produce the magnetic field. The external magnetic field was directed perpendicularly
to the axial flow direction of the magnetic particle suspensions. Figure 2 shows the schematic
diagram of the internally finned pipe. The details of internally finned pipe are shown in
Table 1.

The test section included a straight, internally finned, copper pipe with 850 mm length,
9.2 mm inner diameter and 10.1 mm outer diameter. The uniform surface heat flux was
imposed by wrapping the Nichrome wire around the test pipe. The Nichrome wire was then
connected to a DC power supply with maximum power of 500 W. An aluminum foil and
rubber were used as the insulation of the test pipe to prevent the heat transfer loss. The
thermocouples number 1 to 10 were placed at these distances: 45 mm, 180 mm, 230 mm,
315 mm, 400 mm, 450 mm, 535 mm, 620 mm, 670 mm and 750 mm with respect to the

tube inlet.
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Figure 1 Schematic diagram of the experimental apparatus

Figure 2 Schematic diagram of the internally finned pipe
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Table 1 Specifications of the internally finned pipe

Parameters Values

Inside diameter, D; (mm) 9.2

Outside diameter, D, (mm) 101

Tube thickness, T; (mm) 0.45

Fin spacing, S (mm) 0.26
Fin height, H; (mm) 0.125

Apex angle, & 55°

Number of fins 65

Tube length (mm) 850

3.2 Materials and preparation

In this study, the mixture of magnetic particles in the form of gamma-typed iron oxides
Fe,O; and distilled water were used as the magnetic particle suspensions. The important
characteristics of the Fe,O; iron oxides are known for their cubic cell structures and the
moments of the individual atoms are aligned in the same direction [15]. The magnetic
permeability constants of the particles are in the range between 0.5 to 35.5 and average

size of 10-20 nm in diameters [15].

3.3 Data analysis
The total heat transfer rate for the entire pipe can be calculated by the following equation
[16]
Geonv = MCp (Trn,exit — Trminiet) (1)

where g, is the total heat transfer rate, m is the mass flow rate of the suspensions and C,
is the specific heat.
The local heat transfer coefficient (h(y)) can be calculated from Newton’s law of cooling

as [16]

h(y) = (Qave / A) / [Ts (¥) = T (¥)] (2)
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where Q... / A is the uniform surface heat flux, T, is the surface temperature along the
copper pipe and T, is the average temperature of the magnetic particle suspensions. The
coordinate y is used as the vertical distance starting from y = 0 at the copper pipe inlet. Q..
is the average heat transfer rate which can be calculated from

Qave = [IV + me (Tm,exit - Tm,inlet)] /2 (3)

where | is the measured current and V is the supplied voltage. From Equation (2), A, is the

inside heat transfer surface area of the internally finned pipe which can be calculated from

Ag = (Z; + Z, + S) x Number of fins x Tube length (4)

The rate of change between the axial distance along the tube and the suspensions’

average temperature can be expressed as the following equation [16]
dTm / dy =0Qs h (Ts - Tm) / (mAst) (5)

The average temperature of the suspensions can be obtained by integrating the above

expression from y = 0 at the tube inlet as following equation
Tm (Y) = Tm,inlet + qs y / meL (6)
where L is the total pipe length. Finally, the average values of convective heat transfer

coefficients are calculated by integrating the local values of h(y) for the entire pipe length (y

=0 to y = L) and dividing by the total pipe length

e =| [0y |11 %)

The Nusselt number, Nu is the dimensionless number used to describe the ratio of the

average heat transfer coefficient to the thermal conductivity of the magnetic particle
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suspensions. It can be written as Nu = h,,4 D / k where D is the equivalent inside diameter

of the tube. Nu was used to determine the performance in heat transfer rate the entire pipe.

3.4 Uncertainty analysis

The uncertainty (O') can occur from the errors of the experimental data. The heat flux,
the surface temperature along the copper tube, the supplied voltage, the electric current and
the distance between the thermocouples are among the collected data causing errors. The

uncertainty of the local heat transfer coefficient is calculated as follows

6h 2 Gh 2 2
=+ (Lo )2 (L Sl 8
o \/(aqgaqg Hapon) Higen) (8)

From Equations (3) and (6), the uncertainties of the average temperatures of the

suspensions and the uniform surface heat flux are calculated as follows

oT T,
or, =iJ( aT; or,,)’ (Way)z (9)
—+\/<a“5 aqs % (10)

Table 2 summarizes the uncertainties of the measurements in this study.

Table 2  Uncertainty of the measurements

Quantity Uncertainty
AL (m) 1x107°
Al (Amp) 0.1

AV (Volt) 0.1

AT, (°C) 0.2
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The relative uncertainty of the local heat transfer coefficient is calculated as follows

Gh oh 2 oh
U, = == . — 11
=2 \/hz[‘ R R (11)

The relative uncertainty of the surface heat flux is calculated as follows

qu=(;‘lf— J G+ G ) (12)

For all the measured cases, the uncertainty values have been calculated. The

percentage uncertainty of the local heat transfer coefficient was calculated to be +2.85%.

4. Results
The effects of different intensities (0 — 2,400 G) of the external applied magnetic field
on the suspensions’ temperature profile for the pulsating flow with frequency of 10 Hz and

15 Hz at the volume concentration of 0.5% and 1.0% are shown in Figures 3-6, respectively.

48 -----

=== a----- S i T-—--- r----- r=—---- m---= bl
1 1 1 1 1 1 1
1 1 1 1 1 1 1
______ e | S )
44 1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
40 ______ ===== aT=-=== L L | r -
1 1 1 1 1 -
1 1 1 -
36 f----- I Jo 4 eeol _
1
1
1
)
1
1

N
(o]

Temperature (°C)
w
N

N
D

. | —a—B=1600G
[
""""""""""""""""" cedles B=2400G

N
o

e N |

[y
[)]

0 100 200 300 400 500 600 700 800
Axial distance (mm)

Figure 3 Effect of magnetic field on the suspensions’ temperature at frequency of 10

Hz and 0.5% vol.
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Figure 4 Effect of magnetic field on the suspensions’ temperature at frequency of 10

Hz and 1.0% vol.

Figures 3 and 4 show the increase in temperature of the magnetic particle suspensions
as the axial distance increases at different intensities of the external magnetic field. The

pulsating flow was set at the frequency of 10 Hz.
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Figure 5 Effect of magnetic field on the suspensions’ temperature at frequency of 15

Hz and 0.5% vol.
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Figure 6 Effect of magnetic field on the suspensions’ temperature at frequency of 15

Hz and 1.0% vol.

Figures 5 and 6 show the increase in temperature of the magnetic particle suspensions
as the axial distance increases at different intensities of the external magnetic field. The
pulsating flow was set at the frequency of 15 Hz.

By using the Nichrome wire to apply the constant surface heat flux over the copper,
internally finned pipe, the suspensions’ temperature had been remarkably decreased when
the external magnetic field was applied to the flow of the suspensions. The suspensions’
temperature decreased when the particle volume concentrations increased. Comparing the
case with no application of the external magnetic field, the decrease in temperature of 9.5°C
could be obtained for the external magnetic field with an intensity of 2,400 G, the particle
volume concentration of 1.0% and at the frequency of 15 Hz in pulsating flow. Figures 7 and
8 present the local heat transfer coefficients as a function of relative axial distance starting

from the pipe inlet at volume concentration of 1.0% in pulsating flow at frequency of 10 Hz

and 15 Hz, respectively.
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Figure 8 Profile of the local heat transfer coefficients at frequency of 15 Hz and 1.0% vol.

Figures 7 and 8 show the decreasing of the local heat transfer coefficients with the
increasing in the axial distance of the pipe. The heat transfer enhancement could not perform
well for the magnetic particle suspensions without applying an external magnetic field to the
flow, hence low numbers for the local heat transfer coefficients. With the increasing axial
distance starting from the entrance to the exit of the copper pipe, values of the local heat
transfer coefficient, h(y) decreased. The local heat transfer coefficients increased as the

particle volume concentrations increased. As expected, an intensive performance of heat
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transfer could be acquired by applying a stronger magnetic field. Figures 9 and 10 show that
the average values of convective heat transfer coefficient increase as the volume
concentration of magnetic particles and Reynolds number increase. Four different volume
concentration of 0.50%, 0.75%, 1.00% and 1.25% are shown with two different frequencies

(10 Hz and 15 Hz) of pulsating flow.
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Figure 9 Average heat transfer coefficient as a function of the Reynolds number at 10 Hz
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Figure 10 Average heat transfer coefficient as a function of the Reynolds number at 15 Hz
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The relationship between the Nusselt number and the Reynolds number is shown in
Figure 11 for the continuous flow and the pulsating flow with the frequencies of 10 Hz and
15 Hz. The volume concentration of magnetic particles is 1.0% and the intensity of external

magnetic field of 2,400 G.
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Figure 11 Profile of Nusselt number and Reynolds number at magnetic field of 2,400 G

and volume concentration of 1.0%

Figure 11 shows the increase in the Nusselt number, hence, the increase in heat
transfer as the flow frequency increases. The Nusselt number with higher frequency pulsating
flow show higher than lower ones. The frequency pulsating flow has major effect on the
Brownian motion of suspending magnetic particles in the base fluid which results in higher
disturbance in the main suspensions flow. Therefore, the suspensions with higher pulsating
frequency are likely to enhance more heat transfer than the continuous flow. The other
interesting explanations of the performance in heat transfer from this experiment. The
decreasing of the local heat transfer coefficients with the increasing of the axial distance is
caused by the growth of the thermal boundary layer. However, the magnetic particle
suspensions can be used to increase the average heat transfer coefficients. The convective
heat transfer can be improved by increasing the volume concentration of magnetic particles.
Without application of the external magnetic field, the magnetic moments within the magnetic
particles are oriented randomly. The magnetic particles are affected mainly by the Brownian

motion in which the thermal energy is greater than the magnetic dipolar energy [17]. The
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Brownian motion is the random motion of very small particles suspended in a carrier liquid.
When the external magnetic field is applied to the magnetic particle suspensions, the
magnetic dipolar energy becomes stronger and can overcome the thermal energy [18]. The
magnetic moments adjust magnetic particles to align themselves in direction of the external
magnetic field forming some agglomerates and many short chain-like structural shapes. The
formation of magnetic particles in chain-like structures increases as the strength of magnetic
field increases. The linear chain-like structures become longer when the volume
concentration of magnetic particles is increased, hence the heat transfer can perform
remarkably well. Also, increasing the thermal conductivity of the suspensions can enhance
the forced convective heat transfer. The main mechanism of suspensions’ thermal
conductivity is the magnetic torque that aligns the magnetic moments of the magnetic
particles in direction of the external magnetic field. Therefore, increasing the thermal
conductivity of the suspensions can be attained by increasing the strength of the external

magnetic field, hence, the heat transfer enhancement can be increased.

5. Conclusions

The performance in heat transfer of the magnetic particle suspensions of iron oxides
Fe,O; was investigated experimentally in a copper, internally finned pipe. The performance
in heat transfer was improved by imposing the external magnetic field to the magnetic particle
suspensions. The experiments showed that the average heat transfer coefficients increased
with the increasing the volume concentration of magnetic particles and the strength of the
external magnetic field. Also, the internally finned pipe can optimize the convective heat
transfer better than the ordinary round pipe. As compared with the continuous flow, the
pulsating flow can considerably affect the heat transfer enhancement. The high frequency

flow can be a major reinforcement to help increasing the heat transfer rate within pipe flow.
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ABSTRACT

This study focuses on assessing the effectiveness of speed bumps in the Bang Sao Thong
district, Samut Prakan province. The primary objective is to examine the impact of speed
bumps on vehicle speeds with the aim of reducing accidents and associated losses
significantly. However, speed bumps are considered road obstacles, and this study
emphasizes their importance while comparing vehicle speeds before and after encountering
speed bumps of various designs. The categorization is based on the width of the speed
bump. The research findings indicate that speed bumps with a width not exceeding 0.90
meters result in an average speed reduction of 39.93%, while those with a width greater
than 0.90 meters lead to an average speed reduction of 48.71%. The study concludes that
speed bumps wider than 0.90 meters significantly affect the effectiveness of speed reduction
for vehicles passing over them independently on the specific road segment. It recommends
continuous maintenance and improvements to ensure optimal functionality. Statistical
analysis shows a significant difference in vehicle speeds before and during interaction with
speed bumps, particularly with widths below and above 0.90 meters, rejecting the null
hypothesis at a 0.05 significance level. In summary, the study suggests that adjustments
and enhancements to speed bump designs can contribute to more effective speed control,
ultimately enhancing road safety.

KEYWORDS: Speed Hump, Traffic Calming, Safety
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ABSTRACT

This research aims to study the bioactivity of stainless steel AISI 304 and AISI 316 coated
with hydroxyapatite using spraying method. After being coated, the samples were sintered
at 900 °C. The results showed that the surface roughness value increased when coating
procedure. The AISI 316 stainless steel has a higher roughness than AlISI 304 and when
used to test the hydrophobic and hydrophobic properties by measuring the contact angle of
water droplets on the surface. The coated sample have a contact angle greater than 90°,
showing hydrophobic properties. The bioactivity test showed that AISI 316 stainless steel
coated with hydroxyapatite and sintered showed better bioactivity than AISI 304 stainless
steel. However, both grades of coated stainless steel AISI 316 and AISI 304 exhibit
hydroxyapatite crystallization in the form of calcium phosphate. Which shows good biological
compatibility and the potential for bone formation.

KEYWORDS: stainless steel, hydroxyapatite, bioactivity

1. Unw

> 6 . . A 1 v

THQNIIMILNNG (Medical materials) ManInuenanunineniautlszanld 2 uuy
v = =\ Q =\ . . e = a . . . o 1
A8N® ADIFATININ (Biomaterials) URZIRANINTIINGN (Biological materials) a131

. . & a ' & ' A ' A o @ ' ' {4

Biomaterials tudianananydn iluisqatsnietslafidnlddsagluinanie ihavh
winMidualtbizifiounseiNasneiunsadng niasonlaindu “WRATININ 8§11
Biological materials LJudaqflduiiiaiiavasinaniuausstusi@ tsundt “Iagns
FAnen” [1]

a ' o

a 6 o v & a 6 6
’3ﬁ@lﬂ’]ﬁ@]‘SQJUﬂUTﬂﬁ’]ﬂm@]@ﬂ’]i%’]ll']l]i:Elqﬂ@ﬂ"ﬂl,ﬂ%'lﬁ@laﬁlﬂﬂimﬂ’]\‘iﬂﬂiLLW‘ﬂﬁlﬂitLﬂ‘ﬂ

o

= s '

@9 9 lasdnnienlains@nsussiamadisdaiiias talTlunssnsnaunwun b
Tmiens 9 lunssnenlee LTw aouunaaw nazgniisn dosialisn uwisy afisy
2 o A A A A IS v A o A ° v
Aumlanoy vaaaldaaioy waznasauwsy tuau sﬁ\na@mgﬂmmﬂszqnmmﬂmwmﬂ
A s 1 tﬂv a 1 s = . .
WIDDIYIZRATUIZLIUNIT IRATININ (Biomaterials)
ﬁm;u”m”a@ﬁ'amwﬁmnmwmwﬁﬂﬂ”ﬂﬁwammﬂ Taviz wadwas woyin IEEREGUEET
A Q @ ¥ { A ° ' A o o
wmmmmmlﬂjmauLLsnw%ammeﬁaLﬁawgnmmylmwm wgmf TITHYNIIA
%amwﬁlﬁumamnmwﬁﬁ?f@ummimdéﬁm"’a@gtﬂuaammnmaamw:nmniﬁ 20 9N

NN I@sﬁ'a@;ﬁmmsnﬁmﬂ“ﬁﬁ'm’nmw&mﬁﬁaﬁaﬁ%ﬁmﬁag%mﬂ“ﬁﬁﬂ VO WARLTINRN
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luﬁaaiwznmﬁmumﬁmu’iﬁ‘wmzl‘fmﬁag;aLﬁuﬁdmiﬂﬂaauqmmwm 2ILRANNAN

1$afia (Stainless steel) it Uz lominInsunng inzlanudmumuninansas
Aa Ko a X o | e A ac A, v o
78 wennnididinagnuazdugdldieniisguszinnau muwitsfduan ldinsdnm
wianna liafiulasaniznguassinddn (Austenitic) ihadszyndltluniinunnd iou
AISI 316L [2] waz AISI 304 [3] tTudu

MINAFBLAMNTBI INIBIA W umsiaasanznstinwuasamelugism
@14 9 lagdaqdiniwfiisuiinisénside lansanGazwilng (Hydroxyapatite, HA)

a & ) Aa & ~ A o Aa

wazlaaranFezw IndiduuimgidasdlsznaumaaiiiioununszgnuazWundaglu

a a wa e v o & a & A ' a aaa Al
TITNTIA LLaﬁNﬁ&lU(ﬂﬂ'ﬂ&lL?JWﬂ%vLﬂﬂUL%E]LUEﬁJSGNP:HU La,awam'ﬁm@ﬂgﬂimmimulu

Do

=

' & A A Ada a & o [ ' A Ada a
sMauazibaldavaddiitie Snnadsaansnaanan leluseneFdldda wWelinisaiy
2{’ ;:i A v ::l' a =] £Z o v o 1
vadiflatianianszgnidraiunuilaasendezninddsaansadinulddnuiinie
ﬁwlﬁ’lamaﬂ%a:wﬂﬂ@TLﬂm”aqﬁQﬂﬁﬂmﬁm:nLﬁaﬁa:ﬁﬂﬂ%ﬂniwﬁﬂui’aqLmum:@n

NNUNILAAE ) NGN [4-6]

d(cildﬂl 1

laasandozm IndidussefiunIdnidsasiutszano 69% maaﬁmﬁfmm:@n?aﬁ%ﬁm
sualfidusnimaununizanlifidszinininuazdasadsuaznudevaanainiolu
srumedsfanudunsald lagsusaaiouasldain 3 unss fa 1) naaad 1ou
waatdouluasanazuanlatouwasiwa tdudu 2) 3nndenss wiLitas91nyzn13s
fU5unatesuasdudywidudanadon Selufiouinild uaz 3) :nnszgnaad
I@ﬂmﬂﬁyuﬁlf’fﬂs:gﬂiﬂLLa:ﬂ's:ﬁamﬂﬂ'j']Lﬁaamnﬁﬂ%mmmmmuﬂué?m’ﬁmwﬂﬁl%
Uselominsmsldussnuuaznmyuslan [7]
g13azanpdnaadlosaunatauvedliaauysd (Simulated body fluid, SBF) 1w
ssazanefitasouduan s manudutusesleasuilndidssiunaaun ludaavos
w‘q,mﬁ [8] LﬁaWﬁw{umaaummLﬂu"luIaLLanﬁﬁﬁmaﬁa@ﬂmﬂmm:mm SBF Lz
fuSanmlesaudrs 9 ldud Na', K', Mg?, Ca®, CI', HCO;, HPO,> uag SO, [9]
ﬁnﬂil”agawﬁmmﬁndn"ﬁ’ﬁ’nﬁu mu’“m”mftﬁaﬁi’@]qﬂi:mﬂ’lﬁaﬁ'}miﬁﬂmmimaau
mm’jaa"hma%amwmaamﬁnnsi”n"t%“aﬁumjuaaamﬁﬁﬂimﬁwmiﬂizqﬂ@i’m‘hﬁ'ums
laasandozwIndlagnisiadaufiadis3inswuiaiou (Spray coating) @9iiuisnsi
szaanananInldademaia Idadnsatlunszuaunaies uazsengn TasvinlUudras
AoulFASmInuLuLNa&NN (Plasma spraying) [10, 11])
I@y’i'ﬁ'm'ﬁ‘n@aam:ﬁ,ﬁa@;mmaaa’Luann:a‘imaama%amwmaaﬁmmwgl,mﬁl,a”'s
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AuudgIwinazmusaimMaedeuiadieitainanld landdulinmanssfeduau
wannan [ $afia AISI 304 was AISI 316 Aivhuas livmstassuRuasimniin
soiwnwiseiiazslunmsvimenalassansninuSoudsuldnuanudasans
@ias’nmmJawgwﬁuauﬁyaLﬁlai’mmm’%ﬂn’h FFn1snasaualnniedlinnsginw
(Bioactive) LﬁaamnLfluﬂszmumiﬁﬁmmLLajuﬂmazﬁmmﬁﬁmﬁmqmmwﬁsl‘*ﬁﬁ'uama

1 é o >3 1 > A ] £2
LWIHAY mazmmmmaaqvlﬂmaﬂa@’lumiwmmmaﬂizqﬂm“l’ﬁ’l,mwmyugmﬂ@

2. DaUBun1sY
24 mIedenzwnaae

Fuanuwnagautdunannarl$afiy ASI 304 uaz AISI 316 w1 3 Jadiuas aalild
2u1an319 10 Fadiuas wazend 10 Jadwwas i ldvafrdrenszarsneiuas 80, 120,
240, 320 L&z 600 ANE1AL INMIWE I MR R LANTIENTAREAN Grade AR AN NTY
99.8% (QR&EC New Zealand) InanlaasandaswiIndlildnnuitudu 17.5 Sadluadadas
Tagmsaannasasisalsdnseozisanduniulaglszanm 5 LHuaLuas ST 5 A39
aumunnﬁmmaaﬁa%umu Lm’ﬁaﬁﬁmsauvl,éimm%uﬁqru;vmuﬁ 100 °C Wlwiaan 24 Talag
FamvlaasenfarmIndfinanldlunmmasssgnasansiiudis I5Ugasoaniue
283U (Solid state reaction) LFIVINNNIAAVIIABRNIAGIIALUNTITAUIUIA 325 mesh @9

azvhlildaunmandawaesnit 45 um

2.2 NITUIMNITHINHNAILAMNTDW
Tngunuiikiunszuasmsavldanuduumnin I@]ﬂLé@Jﬁ]ﬁﬂﬂqm%ﬂﬁ 25 °C udaLi
gannAe88as 1.5 °CUfl auils 250 °C mqmwﬂﬁ‘ﬂﬁﬂunm 120 w17t N ntus v
mnﬁuqm%gﬁ"[ﬂwﬁa 900 °C @288a31 3 °C/w LLazﬂaqmﬁQﬁ 900 °C #l5iduaan 180
W Sfiamﬂ"ﬁqm%nuﬁgw:dawamil,mNﬁﬂﬁﬂi:ﬁﬂ%mwﬁﬁifu LL@i%ﬂﬂlfqquﬁgdwﬂﬂﬂ’jﬁ
900 °C 2z¥ilgasandarnIndildounaliidnoandazwilng (Oxyapatite, OXA) [12]

NI F 08 1R DI WA bsLaN oﬁ”mamiugﬂﬁ 1
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Temp. (°C)

900°C, 180 min

Heating rate

=3 °C/min
Furnace

250°C cooling

Heating rate = 3 °C/min

Time (min)

U1 Aueawnseitnalzanaian

2.3 NMINAFILLATAIIIFAL

2.3.1 m‘swmaanmww@mszﬁfsI,Lazn'rswmaani'ﬂd'nguﬁ'uﬁ'miﬁ
ﬂﬁiﬂ@lﬂﬂﬂﬂ’;’]&lﬂ??}i:ﬁ’aﬁ’sUﬂﬁadﬁgaﬂ‘i‘iﬂﬁuiwmau (Atomic force microscope,

AFM) §%a Nanosurf C3000 (Nanosurf FlexAFM system, Switzerland) ULAEMTIAANANFUHE

11 (Contact angle) 189878879 lagn1sweaiin DI (Deionized) U58705 0.5 ul LA TG

ﬁqmwnﬂﬁmaau 20 £ 1 °C ANUTUFUWNT (Relative humidity) 45 + 2% &a81a3a9 Contact

angle measurement [13]

2.3.2 MINATIUAMNIDIINNBINN

nsnaseylulawendiflunasauii 1380218389 IN19TIAN (In vitro bioactive)
sl ununameuiiumsdanuasdemdsduaznzuiwnanniin Tasladunuasle
Manaaansialndieiduanunuiuiugs (HDPE) Sinenariuieesiuuasdr lUsunin
PWIAVTIY 60 U0AAAT WAIYIINTILANTIAZATE Simulate body fluied (SBF) F9USunme
s3azany SBF flaasluluusdsznasusadwinsldanauns

NUNAIFUHFNIRNAVDITUINY 1
= 01cm (1)

YIvrwasazansy

ﬁ'm']smuqm'mmaaaﬁmsq%umuﬁﬁam%gﬁ 37 + 1 °C 1 Juian 7 7 Laasy

9

AAUANTUA0E1900NNIRIIA283 DI ezt Ethanal wiaa1 30 w19 wasiie b lwunalu
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v o

m@muvl,amimﬁ (Hood) tTwi1a1 24 12 1w4 LLﬁﬁﬁﬂﬂ?Lﬂﬂ:ﬁwaﬁaﬂﬂﬁadqammﬁ

Aa

BLANATaLUUFEINTNA ThaNaGosTw (Field Emission Scanning electron microscope,

v

FE-SEM) f%a Zeiss 31 Auriga

3 WAN15I9Y
dl 1 = =3 v v =) dl =1 3 t;/ U 1
AN 1 LRAIEIBNINNIILATVAIRANNEN ISRBUN M Ibn1TANBA WA TIH baln LN
AISI 304 waz AlSI 316 drawaIasaUnlnsfiiaas (Spectrometer) lauNan LWL LAANNAN

15afin AISI 304 ﬁaaﬁﬂi:ﬂaumaamqﬁém@ﬁﬂi:nau"LaJ@T’JU AN3UaR (C) 0.057%,

Aa

lasifina (Cr) 18.62%, fintfia (Ni) 8.06% uazluau&hy (Mo) 0.099% Ldud &aunannan

o A

1$afia AlSI 316 ﬁﬁ’l@;ﬁﬁ%ﬁﬂmﬂﬂsznaﬂﬂﬁw A13Uan (C) 0.046%, lasiiluw (Cr) 16.93%,

2

fnufia (Ni) 10.02% uaz luRUARY (Mo) 2.037% Liudn

AN 1 EIBHENNIILANDDILKRENNA L3 AISI 304 Waz AISI 316

_ USanmma (wi%)
Iha
Cr Ni Mo C P S Fe
AISI 304 18.62 8.06 0.099 0.057 0.041 0.021 bal.
AISI 316 16.93 10.02 2.037 0.046 0.035 0.020 bal.

34 WANINARILANNBIVIERIINATA AFM
ﬂﬁﬂ@aaummm?m:ﬁwaa%umum§nm§”ﬁ"l,§aﬁm:ﬁmﬁl,ﬂ‘§wLﬁﬂuszmw
wanna 1Saia AISI 304 waziwannan I3afiu AISI 316 I@ﬂgﬂ‘ﬁ' 2 leuansnavasnInasay
mmmgm:mad%mmﬂzmuu 2 58 uaz 3 16 va9dusuilildvinnsindeufn (Uncoated)
wazrinmndeudls laasendarminduazininiin (Coated) Wuin daurinnsadauin
m5nn§ﬂ§aﬁmﬁaad"ﬂﬁ@ﬁmmmﬁm:ﬁﬂna’lﬁmﬁu lagwannan biailu AISI 304 fien
mmm;mzﬁ’;mﬁa (Ra) 156.87 nm (SD = 1.59 nm) LazlRanNnNan L3aia AISI 316 JA1anu
m;mzs’iamﬁﬂ (Ra) 208.58 nm (SD = 12.54 nm) fonsiedoufuszinniingonalwun
ﬁ@hmwmgmsxﬁ’smﬁﬂLﬁuqﬁu lagwannan b3y AISI 304 ﬁ@hm’mmwszﬁamﬁa (Ra)
710.34 nm (SD = 66.53 nm) wazinannalsaiin AlSI 316 ﬁ@hmwmgm:ﬁama‘y (Ra)
1,455.93 nm (SD = 50.24 nm) HasaziAnlainnanna lSaituns 21nsa Junildad
WARaUNBAD RAINHIBNNTLARDLAILALLNINHNLE? %Vumm:ﬁ@hmwm;mizﬁagai‘fu lag

WwaNNaN 1SR %a AISI 316 a:ﬁmmm‘;m:ﬁqdﬂiﬁmﬁﬂﬂéﬁvﬁaﬁu AISI 304
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Z-Axis - Scan forward Mean fit

Mean ft 2. 25um

Z-Axis - Scan forward Mean fit

Mean # 5 06um

2) wsnne 138l AISI 304 Aivimaadoufia (Ras, = 710.34 nm (SD = 66.53 nm))

Z-Axis - Scan forward _Line fit Z-Axis - Scan forward Mean fit
—

& ,?,_,-.m"-i: i

Line fit 1.97um

Mean ft 3 5um

a) manna1safia Alst 316 AldldimsaaeuAn (Rad, = 208.58 nm (SD = 12.54 nm))

Mean fit 8.17um

Mean it 6 98um

3y wsnné13aiiu AISI 316 ivmaaRoula (Ras, = 1,455.93 nm (SD = 50.24 nm))

{ a [ a
zll‘ﬁ 2 m’mmﬁgm:mmaamanné”ﬂ%’auumm AISI 304 1Laz AISI 316
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3.2 Namiﬂﬂaau"fm!&lﬁusffmi'\ﬁwmﬂﬁﬂ Contact angle
wamwaaauqué’uﬁmzwjﬂmﬂ@ﬁwao%mmmﬁﬂﬂﬁﬂ"ﬁaﬁmmm AISI 304 uaz AISI
316 augasluansei 2 wuin wannal3afiy AISI 304 7l ldvimsedsuRuaziawiin
azﬁmym&uﬁmaﬁmmﬁ’u 84.30° s'fiaﬁmﬁmd']%mmﬁﬁwmimﬁaué?';LLa:meﬁﬂs'fiaﬁgw
SUREmALYINAY 106.12° daumannanlSafiu Alsl 316 7lileévnisedouRuazininiin
a:ﬁﬁmué’wﬁmaﬁmmﬁ‘u 99.69° s'fiaﬁm@%wniﬂ%mmﬁﬁﬁmimﬁauﬁmaumwﬁﬂ%dﬁgm
SuALANING 116.41° uaasliifininmviamannd13afiu AISI 304 uaz AISI 316 Aivs
WwRauAldsrITlaatendasminduazininiin azugasngdnssunseansatalasindn
(Hydrophobic) Gaduauiianlimavin lapfyuauraannnin 90°
LﬁaﬁmsmﬂNamsmaauy‘ué’m"'mzmnmmﬁﬁwﬁ'uwamaamimaaummmgm:
HAWLIN %m’mﬁﬁm']mgms:mmzﬁ@imué’uw"'mzijm@ﬁwmﬂﬂfu FINNUFUNUE
AINENFIANNDINUIIBITBVYBINGNIIBIATVANLY ) NGN [14, 15] m@gﬁlﬂuvﬁuﬁmmm
aduelain mwm;m:ﬁﬁwifu%ai"am‘smﬁauﬁ’;Lﬁ@mnagl,mﬂﬁagflumsmﬁau waziiiati
ﬁm‘sa"uw”aﬁ"uﬁaﬁﬁyﬂ’nwgm:ﬁa:Lﬁ@msazawaammﬂ (Air trapping) §INALALUTU 4
AnMinguianUARAI R R0y (Water-solid interface) Hfnanas %%ﬁ@hguﬁwﬁaﬁuﬁaﬁ

a P Y
LNNUNNY UL [16, 17]

[7
a

M135719% 2 ﬂ"\a.guﬁ'a.lei'awawﬂﬂﬁnﬁmmaamgnnﬁﬂ%’aﬁu AISI 304 LLaz AISI 316

LNIA ﬂ"lw%ﬂﬂﬁﬂ &cl.&l
AIS| | Uncoated ¢ ‘ : 84.30°
304 (SD=6.83°)

Coated 106.12°
(SD=2.02°)

AISI| | Uncoated 99.69°
316 (SD=1.73%
Coated 116.41°
(SD=0.58°)
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3.3 WANINAEaUAMNIB1IN19BINN (In vitro bioactive)

Worduawldnageuainuiaslinisdinwlasuslugsazats SBF 1uwaan
7 5% wafiAedunuinduanwnannd 1$afuinsa AlS 304 uaz AlSI 316 7ila'ldvns
wndsviresfiulasianansufitiaduifegstaan dHudunudivnnsadsuia azwy
NANUBI laRTaNTas W Ing lasimanna SaiiuinTa AISI 316 ﬁl:Lﬁﬂfuaugstﬁniﬁ AISI 304
mmgﬂuuué’nwmwmmiﬂi:nammaLﬁ‘fj‘ﬂuwamW@ﬁﬁM‘fuuuﬁuﬁa%mm @Tmamlu;sﬂﬁ
3-4 uazfermInTasauassUszneumMseifiiirasunueasnadia Energy Dispersive
X-Ray Spectroscopy (EDS) @4 LLa@olugﬂﬁ 5 wungunuilildinnmsedeuuasinniinas
wuadﬁﬂi:naumaamqﬁﬁ%ﬁﬁmlumﬁnna”ﬁvlfaﬁu win lasuflon (Cr) AnuAia (Ni) LAGN (Fe)
wazdn 9 1Iudu Taowdnnaliadia AlSI 316 NURQLUFUARN (Mo) 1dunanmannan
¥afia AISI 304 Fauduufitndaufuaziunniin nannal$aiia AlSI 304 WWUFIIDNG
wasLT oy (Ca) 4.3% wazwaawasa (P) 8.6% sawnanna liailu AISI 316 fitndaufuas
meﬁm:wumim@mm%w (Ca) 13.5% wazwWaawads (P) 9.9% %aﬁﬂ?mmﬁlgaﬂdw
wanna 13y AISI 304

{ [73 a ¥ [
5Ui 3 lassadegameavasimannanliahainsa AlSI 304 naIn1sugluans SBF
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60pm Electron Image 1

52.5%Fe,15.6%Cr, 8.0%Ni,
2.0%Si, 14.5%C, 7.5%0

Electron Image 1

60pm

4.3%Ca, 8.6%P, 13.0%Fe,

6.4%Cr, 8.4%C, 58.4%0

AISI 316 — Uncoated

60pm Electron Image 1

43.2%Fe,12.3%Cr, 8.0%Ni,
4.5%Si, 16.6%C, 14.6%0, 0.8%Mo

Spectrum 1

% AISI 316 - Coated &

60pm

13.5%Ca, 9.9%P, 6.8%Fe,

Electron Image 1

7.3%Cr, 5.4%C, 53.4%0

31N 5 adalsznaunatalinlgmnaha EDS naduz lwasazaiy SBF
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3.4 andnana

wiannal3afiu AISI 304 uaz AISI 316 neuflazviinisiadeuialasltlansend
pzw Induazyimarnniin azdanaldinnanndl3aiy AISI 316 Ta1107272 (Rawd, =
208.58 nm) gaﬂ’j'}mﬁﬂﬂﬁ’]"l,ﬁ”aﬁu AISI 304 (Ra,,i, = 156.87 nm) La31¥1N1TL@T8 A2
I EEa Uiy (WaTa 2.1) Mdwruianadwwnzmanndr$aiiy AlS 316 Jaunas
maam@ﬂmﬁuﬁﬁfmﬁmiﬂmmnmﬁﬂﬂﬁﬂ"ﬁaﬁw AlSI 304 laomgluRudnusunsaifians
aAnaznaw (Precipitation) lua5luduiia (Fe, Cr, Mo),Ce L“ﬁmﬁmﬁun"’umqiﬂﬂﬁw [18]
aoiwnannan lafiu AISI 316 39505 mensluduinni %a@nﬂm‘h:ﬁmmuﬁaqa q%
WaaasLaufidin (Austenitic phase) Gotduiamilainazfanuudsiidnnin ﬁamm@ﬁma
Duldlednasvinnisesouaue mmﬁmwaamﬁﬂnﬁﬁvﬁaﬁu AISI 316 GafivSunme
AT luaNINNIN ‘quﬁmmmmzmggqﬂ’hmﬁﬂﬂé’ﬁvlﬁaﬁu AISI 304 uazldFInadadAIAIy
PIVRWAIIMILARBUAIUAZNI TN

MNNMINATOUANNYTVIEA? msmaaufmué’uﬁaﬁﬁ LRZHANIINARALANNIBI I
meimwaasmannanl$aiiy AISI 304 uaz AISI 316 Arwmsadevialasldlaasand
oz Induasrinnsindin FldnuinAinires s uuiIag19sInadanINaga UANL
Jaslimsgiaw Immﬂﬁuﬁaﬁmwmgms:mﬂ fazgonaldfum linfiugasngdinysa
lalaslWinundsin Soranndasiumuise [14, 15] LazUNANUNIITINNTENT 9 [19]
laganunsnatuneladn mwwgmz‘ﬁ'l,ﬁ@ﬁwé“amimﬁauﬁaLﬁ@mﬂakl,mﬂﬁagﬂumsmﬁau
Lmzl,ﬁaﬁnﬁmié'ww”aﬁ'uﬁa‘ﬁ'ﬁmnmgms:ﬁauﬁ@miammaammﬂmu‘jaaﬁa%qmnpmm
mgmszifu Lﬁaﬁﬁmsﬂ@aauyuﬁuﬁa%ﬂm{ﬁommiﬁﬂ%mmﬁuﬁa‘ﬁ'ﬁﬁé’uN“'an"'uﬁyuﬁaﬁ
ARaUAAAAR vﬁaﬁﬁwqué’uﬁaﬁuﬁaﬁﬁumnifu [16, 17]

HaIININWITB WL %ummﬁashunwsmﬁauﬁaLLazLmwﬁmzﬁﬂﬁﬁmmﬁmmaz
gué’uN”aﬁﬁaLﬁmfmﬁmamn”uﬂ”mm%a3% g iosuneitadu lasmsnnal3aiiy Alsi
316 ﬁﬁ?uﬁuﬁﬁgu%uN‘“agdﬂiwLLa:ﬁauu”ﬁTaI@sIWﬁﬂNWﬂﬂiwmﬁnnﬁw"l:i’aﬁumw AIS| 304
FananInaaasiirannfenuuisEe [20] Alevnsdnsanuaansalunmsden
(Wettability) vaainanndnliafia AISI 304 uaz AISI 316 uazwuyuduravadnannd 1y
afla AISI 304 fienfidiniuwanna|$adia AlSI 316 1sft sudseRgsliaunsneAdsele
Talwiniannainala

nndatmanni3afiuns 2 viie lunaseuanuisshmeiinwdasnsialdusle
13 SBF wluiaan 7 33 wudn udinannanlfafiuinsa ASI 316 azfanuliseuinannnia

o o i ' v Ny a = ' [
(&!Nﬁwwﬁﬂladﬂﬂﬂu’lgdﬂ’ﬁ) L%gﬂﬂa’]vlsﬁuml,ﬂiﬂ AISI 304 sﬁdu’lﬁ]uﬂuqﬂﬁiiﬂluﬂ’ﬁﬁ’s&Il‘v&
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wARLTUNN DS NANAAILWNWAD LANIINIAANNAN LSRN AISI 316 ﬁﬁaﬁmgm:mnﬂdwﬁﬂﬁ

[
a o e '

ANUNAIFUHFENINATT FIFINALARANIINAFOUAMNTAI IINITINIWANTLE

4. asduansivy

ANINARDLAIINT B INIITININVBILRANNAN LIRBNLNTA AISI 304 LAz AISI 316 71
wnstaravialasltlaasandazwi lng agﬂwavlﬁﬁaﬁ

4.1 Namﬁmﬁ:ﬁmwmgmswaoﬁuﬁamﬁnnﬁﬂ%&ﬁw AISI 304 waz AISI 316 @28

a I . A A 2 A &
waila AFM uaasliiduindaviiniaefeuAiussiiiniin Tuauazddnnnueiuszgadn
Tamannanlsatia AISI 316 a:ﬁmmmmgngaﬂ’hm&nnﬁw"ﬁaﬁu AISI 304

4.2 Namii'mg‘ué'm”m:whmmﬁwaoﬁuﬁ’amﬁnﬂﬁﬁ"ﬁaﬁu AISI 304 waz AISI 316

1 Aq’ =1 > %3 J Qs o = a v =1
wuhdunwslyusudagIiundsnniinaefeufiadin laasandazw Induazinwiin
lavazusasnndnysuuuylalaslnin lasddyuduiasznitenoain 106.12° uaz 116.41°
AP RLeH]

4.3 NANINAROUAIMNIBIIINIITIATINARI AT I a13azay SBF tTuaan 7 %
WU TUINWLARNNAN LTRANLNTA AISI 304 waz AISI 316 Newnstadauilaylansand

& K A o A a = A e A
DLW INALRZLNNTN aJLLquum:m@manmaa"l,amaﬂsﬁazmvlmﬂLﬂugﬂuuumaal,mmenzm
& v & 1A ' A A o A L e o o

WoasWadn me%mmmmwmaavhmammwLLaszquwm:naml,ﬂum:gﬂvl,(ﬂ Tay

1 =3 v v a a l&/ v 1
WUIAANNEN ISRBULNTA AISI 316 azLAadn leanin AISI 304

At lanenal lugwuaamaaﬁjﬁﬁ'ﬂﬁﬁaﬁ@Lﬁuiﬂ NwItpnaruInin lddasaanuisaly

v = & a X \ o Xa = & \
duuduszavysatnndduldlunadalidaiite 1) Anwnalnvetasdisznausaime iiu
TURUATY INFINAGINITLARIULAZNNTLHINGD ANNYIVIE LLa:qué'w”amaaﬁ’;%mm
\ = = . A A =

2891y waz 2) AnsAnNaNITalANTEaNTE (Adhesion) Va4RILARBY LAZANNUTILTS
YDITULARDL

naanssndsznd@
1a34M791309 AN 1IN NTININTIRANNAT LI ETRY AISI 304 waz AISI 316 71
A 3 = 6 d.i v & >3 6 o a
gmﬂaa‘ummwﬂamanma:wﬂmLWaﬁizqﬂ@ﬂml,ﬂmaqmamsl,mﬂmmzmm:mw Ay
el FF66-P1-119 dTUmIatilauuannaimusaasningeaas J9uuaswianysy

A

ﬂng’iﬁ'ﬂmamauqm WIHITIAIN 1TTHATE UASUIIRNIWAIUAR ANTUT WiAuTayaluny

9 U

2

NARBIINWIFY I UATIRNTIHFUAWAITURZTIUTINNALUNNTIFLATIT
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