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Abstract

The study of organic waste composting with aeration and by adding crude enzyme powder from
Trichoderma reesei and mixed-type between Trichoderma reesei and Saccharomyces cerevisiae was
conducted to compare the characteristics of compost using 24 hours operated and periodically every
6 hours operated aerator combined with the different amounts of crude enzyme. The results showed
that the temperature during the experimental process is in the range of 28-41 °C which is usually called
mesophilic phase. The moisture content ranged between 47-90% of which the higher humidity occurred
at the beginning caused the slow process of fermentation. At the end of the experiment, pH was found in
the range of 8-9 and phosphorus contained in the compost was in the range between 0.66 to 1.05%. The
characteristics of the fertilizer nutrients N, P, K, in almost compost crates met the requirements nutrients
for standard compost. Carbon to Nitrogen ratio (C/N ratio) of crate no.1 (24 hrs. operated aerator with 180g
Trichoderma reesei added) is the only crate that met the standard composting with C/N of 20:1. The C/N
ratio of crates no.2-8 were approximately 30:1. By considering the aeration patterns, the 24 hrs. operated
aerator was considered the best condition for this study and a crate no.1 (24 hrs. operated aerator with 180g
Trichoderma reesei added) demonstrated the best results to satisfy the standard compost.

Keywords: crude enzyme, organic waste, compost, aeration bin.
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Mnmaauaziudn eldiduiaglunisuiinge
mﬂﬁuﬁwmiﬁmwmgawaa Falylanunsagovaans
Iopaneuiilundn wu wanadin lny 819 nszan
udu

3) dnAeknuald wwe1s Tulduiia
wazlepanlumieeazvesasuou  Teeazved
Tulasiau dnsidruaisuaumelulasiau way
A1ALTY  LEAUIMIUSIN B L ABEINS
wwinuals Tulsfuds wazdenen Aldlunns
windy  Tagvinsuinaedndiunauvediey
Anualiinairwermsdeluliiuisredenanviniu
2:1:1:1 @uaRu wagimAmsuausnlulnsiau
(C/N) GuduvesTaguiinusazia fauandly
3197 1

M15197 1 AAnsuausslulasauvesTanmiin

Tanain AIANSUBUAD
lulnsiau
LABIAT 51.10
s nwaldl 32.18
Tulsus 75.26
Jopan 58.03
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4) drdrunaunee asuinludaniin waz
YULIN1TNINETIINNTIng U101
nelufnargungiveseiniAniguandemin
Tnelfineslufwes vnq Tu Tarruduvesian
ninludenindrasmnduainaenssesiian
nsneaes  deegeuldlasnisiuianmiinuay
MINARBIABATALANT1SN 2

5) \fiufegnsduaias 1 afimaonszes
namsudn TasnsduiAudugerisdmudes
\Fusogsluguil 1 ferisansvesda mssfanans
LATYNUU 98 3 AI9E19 UaIUIRIBE19709
yngmunAaziadiu eidusunusnegsdmiu
A9 Adldmiinyszana 500 nfu wémin
Widnmezgiideuiiievhlueulugeuiignmai
75 psmwaidoa Wunan 24 Halus (§198938Ms
NAFOUAINLINTFIN ASTM) wdhluTasien
Aty merandunia-ing wasshmdan
Asusumalulasau (/N ratio) wagyNINTIY
Amsginoanesaneisn1snufiedg19neng
2 &nvisiensa

6) Muaszezatbumvdn 49 Tu
Tngfinrsandeviiniadaanysalandnsday
Asueusalulasian (C/N ratio) $Iu69gaIN
anwgnMenMYesTanuiin lown & dnuay
vosTaquiin ndu wazarwdoulunosde Muly
punguiieldinannsoduganisvaassld (2]
Jeduiegaeviindliluusazds wandhgeud
gaumgdl 75 ssmwadioa W 24 9alus il
Aaseimeimsuey, lulasiay, Inunadeu
wagvleaneda tiedAnwinudnuazlnemlives
Jonin

2.3. F/IMTIATIA

[ %

W51TLABS NN AT T AN Ay

q

Jowidn (Julumugiioidhnseidedunid ae

Lo

ASUAVINSNEAS [8] (ANF197 2)
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A15199 2 INTIATIETRIegNluLAaY
NI51TL905 [8]

TRERHIE AWnsAszA
Qaunil Thermometer
ANANTY Oven-drying method
ArUdunsa-a1e | pH meter
AnSUDU VLA Walkley-Black method
Tulnsiaustaun Kjeldahl method
WoaneSastanun Spectrophotometric
(P,0) Molybdovanadophos-

phate method

3. HANINAABILATBAUTIENE
3.1 gaungal
9 v
a o v o v
gaungiiiuladedrdglunisniaey
n3gUIUNIMINY8uazaIunsaueniiagnIinig
gogaangngluds gaumgiiniiudunielunaawmdin
Junaresarudouiiinluainnszuiunisges
[8]
HANTNARBITENI NN LA Sz EsIANlUNTT

a al 6 a a 6 1
amamiaumdﬂm}aumﬂLmazﬂszmw

nindenuingungiilunsazfandniigumgll
Aoutnadn wazuunliiuvesnsidsuuases
paunpiusardniufenulndifssiu Tnsgamgl
PABATLEYIAININAABIYRIN 1 fa Al 8
fiAneglurig 28-36, 28-37, 28-41, 28-36, 28-33,
27-39, 28-37 Uay 28-39 BIMATEd AU
Fauansonmgiinaenszeznansmaasslugud 2
Fuldgumpifiniafivgdulutag 23 Yuun
dulosnanmsithenmasaznsiiviertnonnia
ogasafanansvesfailernmmuioudiluly
fuazdanszuiuntsviin (9] wdsndugamagl
fuwnlifunsiinaentasnsmeass oniulugae
segganmadnauludssana 22 4 wud
gumgiifinisgetulaedanlng  Swdeswnain
lugasnauiudsnanlainisndnndunesdeyvinlv

[ CY

TagndniianisagnranludiuvesTagndnnds



Liinnnsgesaans vibAAnufAseNseesaas
AnTu Faeziuldngaumaliiugnsiaiunisanad
Y93 (/N ratio diauaennaosiu (7]

3.2 ANy

mudududadeiiddaysnsavidunis
wiindeifieltlunszuiunsdosansansdunis
fefiiesanndrazgnldlunszuiunisgady
41591115WAENTEUIUNITTUA 18 VBUHE VDS
aunidlasunfazaruauaudulunestely
Tursfosaz 40-65 (2] egrslsimunisuiindny
Faneneq fufasinnumuisaslunisaiuay
arudufiuandnaty  Tasiavermsaasuiunis

a5

muauAaulliUssndesay 60 vioan
ninU1UsEana Wi LAwinualdanagunse
muANAAALlFTeSosay 70-80 [10-11] aghdls
fanuldasdanududnaulufusingaunse
finnsdevaaeldiilonutuiiodosas  12-15
WA NNSEREEANEDUNTI AT IUANINAINA 1Y
Frannldiaruiuninung  Tunensaiug LN
mm%uguﬁu%faaaz 70 USinmaraduduiy
suuidnrremsssuigonianigluneslondn
Waan nvinenavsantsranwuulaldennie
lalaedne [2] 'mﬂmi‘mmammm%ﬂumwﬁﬂﬂa
wiazdsansaesuelanInngIed 3

40
= 35 ——T1(20)
=§ 30 ——T2(20)
g 25 —T1()
& 9p T2(8)
:ré;
5 15 ——Tv1a)
[ o
10 —— T 2(20)
5 —r— T 1(5)
8 el T 2(6)
0 5 10 15 20 25 30 35 40 45 50
IFHEZIETNTIVAA DA ('3;1«!)
sUii 2 gamgiifusreznaniunimaaes
A15197 3 wami‘wmaaamﬁzmmm%umaamzasnmmsv‘h{jwﬁﬂ
STgLIAan AN (Go8az)
e (W) | sooty | gefi2 | Gz | Gefia | Seiis | g6 | &7 | &edis
L%T'uéfu 81 85 79 73 86 80 82 84
7 82 82 81 80 85 79 78 82
14 78 77 79 7 77 72 73 74
21 79 63 75 74 62 69 64 69
28 75 64 74 73 66 58 68 68
35 69 67 65 59 62 66 63 60
a2 54 58 53 56 54 52 50 a9
49 a5 43 50 a8 43 a1 a2 a4
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9n5i 3 nuhluuEudunmeaes
aruiurestanuindangeoglurisienay 80-86
\desantagminithumesssduminiayernis
wazinualidadutagdunisidanutugs as
dansldanuinmuduaswesdazihit ded
AI9E19IMTINATIBT LU DU UG TN vy
Fulpau msfiludsdendnienuiugaedama
soszznaniniiuIuty  egslsAfasiud
pdrnmananowihuly 14 Yu arwiusuies
ninevay 80 TuwﬂmLLav:JLLqu:JaﬂamasJe]
unszseglutasieray 4050 Faduenuiy
fmnzauvesnsifalevsinfiasysal oy
nsananuduludmdndeasorilélaens
wanndunesilelfiAnnisnszaisanuiuseniy
Faduituslodgmenutugdlunoseiznis
sudansifinernalvdionianyuisunigly
favgin [2]

3.3 A1AUuNIA-a

Aeandunsadn Ao erfluendsni
Wuduvedlelasioudesy (H+) Afanudusiug
sonsasyiulavesgdunsd Tnalunsuansds
anmanulunsavioluasludendin nisudn
Jelsimsiniy 55 waghiu 9 Suduraed
aUNIIuagIaNITngesaaluasdunIdlan
MnMsmnaosdanandluzufl 3 nuirlurieFusy
MsMAaesdisdl 1, 2,3, 4, 5, 6, 7 wag 8 dAAl
Wunse-ans (pH) wihiu 4.5, 4.6, 4.5, 4.4, 4.7,

—_
(=]

e Eunse-sng

[ " I Y B =N & B o S R s B e

4.7,4.8, uay 5 mudRU SeaziiiudtlunsFusiu
yoan1snsinaziianimbunsaduiiesunain
Faquitnilfidudimaniavinualivinlidanmn
Hunsa Tuthe 21 Tuusnvesnismaaesiiuriai
Hunsa-srsdiuuliniigiulneasdudanady
nswasundategesdaaulunsBuduavid 4
(Yudt 28) Towdsil 1, 2, 3, 4, 5, 6, 7 uaz 8 il
AN dunse-ang (pH) Wi 6.9, 8.2, 6.8, 7.1,
8.4, 68, 63 War 7 AWARU wazEuiiAasd
Tneluduansigasineassnisnaassaianuiy
nIA-Awesafl 1, 2, 3, 4, 5, 6, 7 way 8 il
Audunse-ss (pH) 1WAzt 8.1, 7.9, 85,
8.4,7.9,8.3, 7.8 uay 7.7 AUy FaFudnguas
JrevlatesveInIIndn nUINA1 pH V095TUY
fisnfireutradunans fie pH TAwiiu 7 - 8
Fauansguunltunsiasunlamermanudy
nsn-Andlugud 2

3.4 AIAISUBY

Ara1sveudidegluarsdunidiiainy
drAgdanszuIunsyleniningzgauniday
gevaateansdunssiiernernsueululdais
pedUsENeUTeILASluNISSRUln Faauiiuln
Frfeistusgifuiinamessne sty 4 fe
Jilismendeld 9nnsvaaesmATTUeuEUHY
warduaansndinluudasds aueudududen
Uszanauferar 52-60 lagenAsueuvendad
LLmIﬁmammﬁmamiugUﬁ 4

—B—T1(24)
——T2(24)
—&—T1(6)
T2 (6)
—w—TY1 (24)
—TY2 (24)
——TY1(8)

—TY2(6)

02 4 6 810121416 182022 24 26 28 30 32 34 36 38 4042 dd 46 48 50

sutizan ()

o 1 I J [
sUM 3 Aranudunsa-aneiuszesanlun1saaes

Y
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1N3UT 4 piulsiunliueaiuou
wBuAsTnszernamvaassuly 28 $u
wandbiiuiednsinisdesaaiuansduvsdanas
FafinrsanldiitanuinBuAnninudsunlag
Hudoudr (7 lnednfesagauauiFududsi
1-8 WU 52.14, 59.23, 52.14, 59.23, 55.32,
59.23, 52.14 uag 59.23 AnuanU LLazLﬁ'aéuzjﬂ

70
60
50

a0

Anesasmd U

30

20

10

mMsnaaesdosasAiuouTeIta 18 anaunie
23.38, 32.86, 39.48, 35.84, 29.48, 30.26, 25.32
way 25.45 Uiy WieRiensannisanases
arsueuludendndiinasaienlesiidoifead
WUALLUNITANAIVDIATTUDUNINAIINTTLRL

asaulsianenay

——T1(24)
——T2024)
—A—TI(6)
T2(6)
——TY1(24)
—TY2(24)
——TY1(6)

—TY2(6)

024 6 81012141618 202224 26 283032 34 36 36404244 4648 50

sybsa ()

5UN 4 Jagavansusuiuszezailunmeaes

3.5 Alulnsau

a a

Lulpswdusinemisnydunsd

e

) MR

bUBIYIN

3

TudSunamnndieldlunisasaiule
drulsznavvenadqaunsddiulugiunan
TsAunaznsninnadndadlulnsiouiuesd
Usznevfidady  udlumenduiulunsminde
nsihlasunniAuluiduddid  wszens
whliAndunsoreqdund osnlulnsiou
Tugduenluflaluiivsogdunidegiwnn [12]
warlulpsiulimstosndi Sovay 1.0 laatimin
[8] losnnlunsyuiunsiinduniddesaansans
duvsd danudesnislivsinasiglulasmuiy
asrUszneutiglumstevaneme  (Aunsday
dovaaisa1uaudufunuUIalulasiuis
Tld) [10]
3NN1sNAaeInIAIsevazlulasiay

Suduresdad 1-8 fanvindu 1.28, 1.5, 1.28,

1.5, 1.13, 1.3, 1.13 4ag 1.3 MUa9U warsesay
lulnnaudlofuganimaaosesdedl 1-8 Ten
Sowaz 1.64, 1.13, 1.25, 1.16, 1.01, 1.09, 0.86
uaz 0.87 puddu 5U 5 uansdosarlulnsiau
AADATLELLIAINITNAGDY HANITNARBILAAILT
Wi Uiinalulasiuiiunlianas G819
MnnATefiumuIamailulasauiinng
gadelunszurunisudndennainnissemely
ag 1935 vemenluily  (NH3-volatilization)
FadunainnnaadnuvuzvesiansinGudiu uay
HATDINTLUIUNILANDINIE AT Wargauvgl
dululadefidinansenuionisgyldsns
Tulnsiau Snvidiadumuin pH ﬁﬂ'au%ﬂdqd (pH> 8)
fetrenseiunisUaesldosvauanluiiuniy
wuiu Turaefinsili pH en (Ussann 5.8-6.6)
Presnwvnalulasalunesdelfuniy [12]
uaNIINLUTIAUNALEINIFITAINANTENY
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selulnsiaulagnuindfinsifisyiuimenie
snduazdwmaliiAnnisgaydelulasiufiuiy
\osannmstaesdnAaufasoninliiannis
WasugUuenluidsananizvesmainaisidy

2

Aokaulaideladetu InetadsUsunuuwasyid
SEELIATMUNISALDIN AU AINARDLADYTAN
YINTUINUINAGA [13]

—8—T1(24)
18
16 ——T2(24)
z 14 : ——Ti(5)
& 12 -
&L — — ———— T2(6)
ol . —H—TYI24)
ag 08
& s ——TY2(29)
04 —t+—TY1(6)
e —TY2(6)

0

02 4 6 8101214161820 2224 2628 3032 3436 384042 4446 48 50
wazva (7u)

UM 5 Sesazlulasiauiuszuzanlunmeaes

3.6 ansndauAsUBURD lulASIAY

asuauralulasiau (C/N ratio) 1Ju
nssviliddrydmiunsvindevsin Tas C/N ratio
TunsBudunsinyifomunguiidiegsening
25-30 viselumalfRenaazialada 3545 &
91@A1 C/N ratio qﬁuﬁwﬁﬂﬁiwmaﬂumi
ifruutudae [8, 101 dntswaniaguiindid
Uunalulasuldiissmevdeneudwazyili
gn1duAsususelulnslauAut1EInIdma
Tonsnisgeeaansarsdunididuluediadng
wazAoUTIE Lﬁaamm;auw%émmmauluimwu
dwfunisiasaiule Tumanduiu minTanwdin
fldn /N Aoudewn MneauIszuUnITRgn

IS a d‘ a | % a
fUsualulasiauiiiunevrdinalinisiadey
a 1 a a ¢ 1
Wule wagnisgesaansvesgiunidiluliegng
I3 1 Aa A a
0T wonaniinsilivsunalulasuunniiuly
a1veglusUresinaenlulleNisene vasimeIiu
Ysunaenludenduduetaiinnuiuiivee
aunIlaiguiu [10]
PNMIRRBINUTIAMATUBURBlULASIAY
lunsndniSudunasaugneInszuIUNIIVIN
YoausarfdiAfmsdm 4 Faagiuinaimsueu
polulasiaudsil 1-8 dAtanas laedan 1 dan
s ] v 4' o a A
Asvausiolulasiaulosfgn uazde 2-8 fimn
Uszaaidie 28-32 49899AIN1NNI18RTIdIU
AsuausebulpsRunNNInIgINdeniin

M15199 4 ArAnsuauselulasuBuAuLazAUgAN1SUIN

ArAsuausalulnsiau
1381
a1 | W2 | A3 | a4 | dan5 | a6 | a7 | a8
L%Ill U 40.73 39.47 35.23 43,55 48.96 45.56 a46.14 45.56
§uq@ 14.19 29.08 31.58 30.90 29.14 27.85 29.60 29.36
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3.7. aAneanasd

WoavosaluaisdunidiniudAgyso
nszvunsurdinduieiululnsau weanesa fie
USinuansevnsigdunidliilunestloviin Gl
lun1swsgdivlavegdunid  Ysunuveaneasa
voanasdeniinaregluglvaslaneaneanuns
oenlyd (PO) Unfudmmsgrunnndewin
wwilUSunameanadaionun (P.0) hidesnin
ouay 0.5 lngtimiin [2, 14] HANTNARDILANS
Tuguil 6 nudilusieBudumsvsingsd 1, 2, 3,
4,5, 6, 7 uay 8 NrSegazveseaneawiniu
1.04, 0.91, 0.91, 0.83, 1.01, 1.23, 0.84 uaz
0.86 MIUAIRU LLaﬂusd’N?:{uqmmiﬁﬂﬂﬁqﬁ 1, 2,
3, 4,5, 6, 7 uay 8 fArseuazeanaawiniu
1.05, 0.86, 0.74, 0.65, 0.86, 0.96, 0.66 way 0.77
pudu Ameanledalunn q Seduiuunldud
anaq Liewn9ngauvdiimadesamuansBuvie
Tnglivloanosadusinemnaiietielunsaiy
Fiule uarluthsduganisvinTinueanesa
findesgrouiradulunamauf Aolitesnin

Saway 0.5 lngunn

14

12

¥a
.

0.8

grloavle

0.6

Asoea

04

02

20 22 24 26

3.8 Auanwzvademin

HaATUTEELLIAININARRINEY 49 Tu
Iahdegnedeludmdnnmuauinyiinisfnm
AMANYUENIINIIANTFLNALTUAD YLD

[ t% 1 = <@ aa o ’6’
Taguiingndesaatedivuinianas Tdauna
A a 1% a a 1A o a Y
wazdndundenauiu luiddmnian wmieudu
wiwewns Wl Bndely A inunsgunlys
Amuaannvesdendin  Iudsaninlanaugy
wseld Fedn CN ratio lasUnfidndendnien
C/N ratio Usganad 26-35 fadnanunsaindendin
aananabulale usdnen C:N ratio #1n3120:1 G937
Yendninunmndnuuinsgiudedunid  welu
MU UaNslddendniden CN ratio gendnd
Luthaandesidlaiianadomanniiviie s
AaantRlunisduansusuugsiuennosnmnin
asluthawintu [10, 15] S9E95MRIMSUANEUY

< v Ay a = a o
Auladendoiiansan Fan1siansannuanyne
veedendinauin iUz inatgns1Tmne sa

(%
v v =

oradululevinlunisneaes  Madudsenaasy

€

Y

WSRRIUANT vewiagelend
5

8 9691519

—a—T1(29)
— T3 (24)
—a—T1 (6)

T2 (&)

28 30 32 34 36

—N—TY1 (29)

—TY2{24)

—+—TY18)

—TY2{E)

38 40 42 44 dd 43 50

sz (Tu)

5UN 6 Javavrleanesaiuszeziailunisvaass
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M13197 5 Annnsndlwesvesdendndieiseuiisuiuaunsgiuvesendin

ERHIELE ol 1 | fail 2 | Sl 3 | afl 4 | &ail 5 | Gl 6 | fadl 7| dadl 8 | Awnasgu
(5ovaz) [9]
Alulnsiauiiaun laitpanin
(Total Nitrogen) 164 | 1.13 | 125 | 1.16 | 1.01 | 1.09 | 0.86 | 0.87 | Sewaz 1.0
Tnevonin
ArANSUBY (Carbon) | 23.28 | 32.86 | 39.48 | 35.84 | 29.48 | 30.26 | 25.32 | 25.45 -
FANIUBLAD 14.19 | 29.08 | 31.58 | 30.90 | 29.14 | 27.85 | 29.60 | 29.36 | lsifiu 20:1
Tulmsiau (C/N ratio)
Avleanedavianun laitpanin
(Total Phosphorus) | 1.05 | 0.86 | 0.74 | 0.65 | 0.47 | 0.50 | 0.58 | 0.42 Seuay 0.5
(PO) Taenmidn
AlnunaFouvion litlouni
(Total Potassium) | 4.69 | 391 | 532 | 4.84 | 3.85 | 4.79 | 3.33 | 3.71 | Seway 0.5
(K,0) Taemin
ATy luiAuses
(Moisture content) 31 37 26 27 | 4539(29.67 | 25.20]34.45| ay 40-70
Taemin
ArNILdunsa-Ana
(oH) 8.1 7.9 8.6 8.4 7.9 8.3 7.8 7.7 55-85

3.9. sUwuUNSRNINANANNZEY

Wafia15u UL UUNISIANRIN AT LY
ladnanisnaaesninisldaaenledngain
Welden Trichoderma reesei kagmsliagatouls]

dqj U . .
NIANIBNEANTEWINN Trichoderma reesei wag
Saccharomyces cerevisiae EULLUUﬂﬁ LHUDINA
Aad A« a ) |
nananfednisfiteNAnaen 24 Flue dauns
fsunUsutangaeulelivugautunyuin
dmsunmisldagateulasineaniedsn  Tricho-
derma reesei USinnuagateuludivingayaz
whiu 180 ndu dunisidagaeulasinaninie

NALIEUIN Trichoderma reesei way Saccharo-
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myces cerevisiae ‘d%mmﬂgmaﬂ%ﬁﬁmmzau
LU 360 N3U Fauansneiu lngannising
Huenainandsuaesasaeuluindesiiuly
Juhlinanismaassisanudulidaiauuindn
8 9l3fnud RN ULUUNISANeINA
wazUsinungneulivazyiinvesngaieulying
aa A ooa = Ao o 9

HANIVARDIANER Fio feil 1 FalTannlingiuiu
AzaulgsinanwelRelaeinsfve A 24
Falus Huagaeulesd 180 niu 1lownWeLen
d! Ll dﬂl d! 4 1 dgl U

Feaglunsznanuavionaudalaunesmauiu
gadtiu dauanunsalunisgesaateninanily

waglad wavialiwaglaa laeldnssuiumaeula



Mn1stesaatsneueniwadlaeldszuuTzuy
lelaslafndendnlalnsaueonuifunszuiunis
Tunsgesaaelndiganlsnuaznszuiunsgoy
aan8vesaniu [16] VlWaunIaIsINIzuIuUnNIg
govaatswazanszazansiluleninled lae
g taginannuesity vah 18 viedmanuee
sanosnNYUYU [17] iesanlunszurunisviin
thizfirnaudunsasann WATARAINTIAS Y
Aulalddluanmildunsagesening 4.0-45 @
Sandulngandulalifluannidusne (18]

4. unaguuazdaiauauuy

Toasuuazdalauauuziionsuszendld
gasinteiflunadusuuuilueiGousansdsl

1) Tun1snaaesiiinisaruaugungi
Ay Anudunsn-rn dlun 4 dsn1mmnaes
fiAneglutasnuau sndugamadimuiuluoglu
%99 Mesophilic Wiy wazsewinesnsnnaosld
yhmsmsaseu C/N uay Weanesa Tsaziitu
LA /N daranasusluuidsensagdadien
g9 2011 dhuneanesatiusiiunnningesay 0.5
sufedenmindidnvarmsniniauysaiwasia
Audnuaisn  maninilduagmenlusduuuiie
Ansiinerne 24 v, Binansmaaesdiaiian

2) asfinsdiuisenisszuietnie
fifudeninioliftunasifosainnisinunil
Jumsinulilaiuuuuvesdmin lunisvaaes
afsdoluTenrsdamgunsninisifveniadia
ANunuILLazdidsiinnniniiedaegnis
Tdnuresgunsal sauBaUTulEMINszatgeInNIe
Tiaadaruds

3) anmsnaaedlddmniiduniaidy
a1n1Avziuinansavindeninluszeziian
Usgmnalaiifu 2 Weuuarlddedsdinaunin Tag
Tumsidungateulesdagdoiiinuszansaim
Tumsniinl¥aBsty vetlonamsifinimnaves

azaveulsdasluludnsdnuniu

5. inAnssudsend
VYBUNTEANUNIINYIdeInAlulaE
svuanasyusnlatilenauazlinuatuayu
NUIFLIINFUIVU T UURNUAUYTEIT 2557
[ 4 av o ! vy =
lnaAdednsagalulanes
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Abstract

The objective of this research was to study possibilities and appropriate conditions of sizing cotton
yarn with sago starch. To attain this objective, physical properties of cotton yarn sized with different ratios
of sago starch, tapioca starch, and poly (vinyl alcohol) (PVA) were compared. In this study, various size

were prepared, consisting of : 1) sago starch; 2) a mixture of sago starch and PVA; 3) tapioca starch; 4) a
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mixture of tapioca starch and PVA; and 5) PVA in 500 ml of water for sizing 120 yards of cotton yarn (32Ne).
The physical properties of the cotton yarn were tested both before and after sizing with each sizing agent.
According to the study, it was found that 50 g of sago starch and the mixture of 25 ¢ of sago starch and 25 ¢
of PVA needed the longest stirring time, the highest concentration of sizing agent and provide the highest
percentage of sized pick up on cotton yarn, and the highest abrasion resistance of yarn. The cotton yarn
sized with 20 ¢ of sago starch showed the highest elongation at break. The lowest value of hairiness was

shown after sizing the cotton yarn with 50 g of sago starch. Moreover, the cotton yarn sized with the mixture

of 25 ¢ of sago starch and 25 g of PVA exhibited the highest tensile strength.

Keywords: cotton yarn, yarn sizing, sago starch.
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uneuiithiauenalnnafisdszavsnmvesawesaunuuesiliaieiuiiluaudd luniseonuuuuas
fiannssuuanalnnsaunuiuRtauin nieutussuumuasnsTIUNMaBese-11 werauae IS luns
fu-wsegaiiane aggninlUlflunsinafuloyaiiinldnnawesaunuueiiiannsaiiluindilivuge asiu
mii’m‘hLmu'waﬂi’mqLLazé’ﬂ@mxﬂ”namwmaqi’mqmﬂ%gamjmgmaqLama%ﬁ]xﬁmmgﬂﬁaqLLazLLajusTﬁu Tutumou
nseonuuulfinsmaaeuszuunalaseuuuiiaomseamans eduiammauvesudaziulesdmiy
nalnnsdeuseuuudimiles (four-bar linkage mechanism) Litelsildiyuiiu-wse (pitch angle) volawosaNUILD
souunu y luts £16 5° way wuudaesmemamansaz it dnamussingiaavesuaimesluusazunuilivanzay
Tuduiaesisimunsruumunuaoauuie Arduino lulasreulnsiaes 1) eteinvuawe saunuueslferluszuy
ey Ingldszuumuauuuuiilefidmsumuauuemesadsuy Taelfieuldmmeslunisdounduesanisnis
(roll angle) TouuN x Fidluymsdumiihvesiade 2) WelldfuRadoyanduyavenawesaunuuesluioga
ahlanonnsdeuiLuuii-we vesnalnuuudiulesiduindeuseusimesidfa sessuumuauLuuleu
Tudhamhilfosnfu-uennisuresauudes faazdimnmsusidiuimedan ludnftamasnduadsiuiily
aufiRandeyanguaaiiinldanamwe saunueslununiad %wzﬁwmsﬂﬁxmamaslugﬂLmuﬁuﬁmmmquﬂmmﬁa
Tussuufifiaenifidou wédianesimamuuudvesiiufinfiaddulasfinrsananssesmsluuiueunsadidud
Aeglurie £7 wufnns wae Iandoavunasgiuiitesndn 2.2 wufiums

AdRey: lawesaunuiwes nalnnsweusianuuanules ssuuAUANKUUTLed
szuupvauuuuteuluiimth uluuungugaanuia

Abstract

This research paper presents a performance enhancement mechanism of laser scanner for three-
dimensional (3D) surface reconstruction. Design and development of a 3D vertical surface-scanning mechanism
along with control systems for roll-motion stabilization and periodic pitch speed is used for measuring/colleting
laser-scanner point cloud data, which can be installed on a surface vessel. As a result, accuracy and precision

of object’s position and physical characteristics measurement from laser cloud points can be improved.
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In a designing phase, testing with kinematics and dynamics models helps computing for link’s length of a
four-bar linkage mechanism such that a pitch angle of +16.5%around y-axis for the laser scanner is obtained.
Derived dynamic model of this mechanism assists in calculating proper maximum torque of motors for
each axis. In the second phase, two control systems are developed within Arduino microcontroller 1) for
laser-scanner roll-motion stabilizing using a PID control system with the top DC motor’s encoder feedback,
and 2) for reconstructing a smooth vertical surface from laser cloud points during a pitching motion of the
four-bar linkage mechanism, driven by bottom DC motor, using a feed-forward control system with the
pitching angle from Inertial Measurement Unit for a gravity compensation. In the third phase, the 3D vertical
reconstructed surface from laser cloud points, measured along a radial direction, is processed as a 3D point-
cloud surface in a Cartesian coordinate system. A statistically analysis of reconstructed surface precision

along the horizontal direction is within 7 centimeter with a standard deviation less than 2.2 centimeter.

Keywords: laser scanner, four-bar linkage mechanism, PID control system,

feed-forward control system, 3D point-cloud surface
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| ! a % a % 1 a o v
arsleulumsnanseninlulefiwaduniwesealudnsidiu 97:3 laeUsuing inN15naeeRigynn1sNIedLuy
Unmefanudunsiaiee fmewuusunedwesvianedssosdalnunivuauminluanasia (molecular weight
cut-off; MWCO) uwinnsinenu wamwmaaawudwﬁwﬂé’ﬂﬁwa%ﬁLamqﬁulﬁaﬁmﬁﬂiuLaqaf?fml,am’nuﬁuqﬁu aeals
finunnsanaves wandinesienatnuuiusu UP150 uaz UHO30 o AN 8 U1s wudniieudugeinliinnis
9ARUYBINULUTULINTY an1znIsinuiminzadlunisuenndwesearmsldiuuusy UH030 & A21uau 6 U1s
Tirmangimesiiten 0.0156 ¢/min.cm? Lagmanuausanniundweseaiasay 93.11 dmsunanisineinalniiaias
MekuUINaageLlle U WLUTW UP150, UP010 way UP0O5 inkuun1sandugnsureasumusy luvne sy
UHO030 iAnuuududn nansvaasdnansanudululivenmslimalulauausulunsinuiavsluledius

AaAgy: ndwesea, lulefwa, WSy, sanslawnsdu, widids

Abstract

In the present study, slycerol separation from biodiesel by ultrafiltration membrane technology
was studied. Feeds as oil/glycerol in 97:3 proportion (v/v) were filtrated in a dead-end process at different
transmembrane pressures. The experiments were carried out with polyethersulfone (PES) membranes of
different molecular weight cut-off. Results showed that greater pore sizes, as well as greater transmembrane
pressures, enable greater fluxes. However, permeate fluxes of UP 150 and UH030 membranes at 8 bar
indicated an increased trend for the membranes to clog up at high pressure. The optimal operating condition
of ultrafiltration by membrane UH030 at 6 bar was efficient in removing free glycerol, since the high value of
stabilize permeate flux was 0.0156 g/min.cm” and glycerol rejection was 93.11%. Also the fouling mechanism
was analyzed by the Hermia’s model. Results showed that the pore blocking model played dominate part
for UP150, UP010 and UP005 while the cake layer was significant for UH030. This work concludes that

membrane technology is a possible alternative for biodiesel purification.

Keywords: Glycerol, biodiesel, membrane, ultrafiltration, fouling
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hids andunounisérslulefion Wouszgnd
9L UIUNNISIUNLUSUSE AU AR T aLn S TUA Y

wLusUnede v mvtinluanasin 100 kDa
(8]

(4
av

ANNSUNUITLULA RN WINAVDIAINUAY
warYUIALININLULENARAYDAULLUTULATANT

190AN0ADL505FUlNUSEAUDANIIAALAS-TU

N

AOANANTLNDTULONLALAY  @1U1TANNSANAY
SAUNIMENNENMLzANlUNITHEN NAWD A
nluledwakaznalniidldsvesuuiusulugng

AUAUES

2. AN15ANE

2.1 asdeufildlunisane

iemruauatsdeulunisnaaesli
aunmas thifululofwaduilldanusminy
flwdy $17n gnihundrailousnansuszneudug
90N WU &Yy NAlwesea fe Man iengaUFAzen
nueaNesTiedy snsduvenisululenwa
sethnaulunsdausazadado 1:05 TneUsunms
ansauArnudunsa-Luavesasegluanius
Hunans  wdsonduiluidaigeniendy
TEWMBULUUNYY (rotary evaporator) IGELRGY
Tulefwailelunvusivuas wazdaadniie
soldlunisneassanstouiilélunisvnasidas
gnUSuasusEnouTandwesen  dslunuided
@vnsniennavlniynadalagldlulefiea
Aun1sd19uarn1sATatng 1 f unautu
nAlwesoadATILIT ANLUIANEE (analytical
reagent; Sigma) Tusnsndruseninslulefiwans
nawaseaidu 97 de 3 lneUSuns

2.2 ¥AN1SNIBULTUAATY

4ANI5NTL VLT An18UTENBUA LG
uialulnsiuiifienuuiavsdosay 995 AlfLdy
wsetu ansdeuseiniudedeuaunuiaaanayuin
170 gnuAdiwuAiluns wiesnainamsudign
Aassvudstounieludatouinsfiaduianiy
NALLARIRI5UT 3

—+—-N:gas
membrane i

e

b — - magnelic

~ = s
— |- porous support
mmmi—\fr%_l_ layer
@ - magnefic
shrrer

5UN 3 gaaIesilanisnseanuulaniey
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Fruansdstouduiundsindaususulug i
WUHIUANENANY 5 WUAAT WRLLLLUTUYN
USuanmlagnisugluluiiaedamnasnauyinnis
nseuiteliuusuianmasmfeuldeu antu
iAuansteutiunsiBudunsd 150 gnuaad
WUAWAT YN1INTEY A guMiviesuaAIUAY
anusulinsiinuafidesnis udwhmssuna
waztuiintvinnszuames iondedugn
T R AE T YT T IR RIL T e RStV Y
ndweseamsiaiaialasuilansniviinis
yeaestn 3 A%y ynanmezdmiunalanidaie
T9n153As18ANNUUUTIanLgesLdY (Hermia
model) vasvaslraviinuouiilaiou (nonnew-

tonian fluid

2.3 FUANUUTY

WHLUSUASANISAIINUSEN  Microdyn
Nadir GmbH wliaweasisesdalvlu (polyether-
sulfone; PES) ﬁﬁwmmﬁmﬁﬂimmqaﬁm (MWCO)
71150, 10 way 5 kDa fisfannsldausie UP150,
UP010 wag UP005 miuanau wazadialalasiian
weddisasvalnu (hydrophilic polyethersulfone)
H5an15lda1u UH030 diA1 MWCO 30 kDa gni
uldlun1sveaeudfiefnenavesauduron
WangiwesienuazAUaINITanITAnaY  lag
Fremnusuiidnwiised wuusuvia UP150,
UHO030 wayz UP010 Toausy 4, 6 way 8 u1s
Tuauefiwuusy UP005 Teaus 10, 15 was
20 vf lefiuusedulviganaasaiesnnidu

WsLUTUATANIYUES
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2.4 N15IATIZH
TuuITe AN YINAN1INAADIUUFIUVEA

NANTNDTRLON AUANNITANISANAY haznaln

' 1%
a v A v & A v

WAl Wand Ao dMIINITIaNIULIILUTY

YoUNDSTONADNUNNUNGR uiusy Sy

UIUTNYBHNDSLLONADNUTIADNIAT AIEUAITA 1

J=W/(a.t) (1)

g9 J Ao Nanguesdns i, a AB WUNNISNTDY

(% '
o Y =

W fe dmilnvesansiinsedlauag t Ae Lan
ANNAILITANTIANAU (rejection coeffi-
cient; R) Aoevazvessgnazanediliannsoriiu
wanusulasaunsaelud
R=[1-(Cp/Cp)]x 100 (2)
1ng

Y o

C, Aa Anudntusignavanglumesiiien
C. Ao anudutuignazateluansdou
W1dAs AensazanvoseyNIATLILUTY
M liAnN15gnfulasdINan 0ANTTOUENTE
AmiEng veauausuanas luauideilduuu
$ra0aeesidy (Hermia,1982) iefnwinaln
Widdwesansazaresiaueuiiladeufinruiy
AsTitonSunen1sanasesAmand I 4 ULy
A complete blocking model (CMB), interme-
diate blocking model (IBM), standard blocking
model (SBM) wag cake filtration model (CFM)

AegUN 4 uagn13199 1

SBM CFM

ol
CBM IBM

UM 4 wuudnaesnalnvhdrdweagesiide
714 4 JUuuU [9]



A5197 1 aunisanuidudusssdunuu Sasanaln

Naa9v8980354dle [10]

Blocking Linearized equation
Mechanism form
CBM InJ=WJ,-K t
IBM 1/) = (1/J,) + Kt
SBM (/0% = (1/30°° + Kt
CFM (/)Y = (1/Jof + Kt

3. NAN1SANYILAZaAUIIENE

3.1 Wandinasitenuein1snsas

TUsIHAaNa N nes T oNVD L UNLUTY
UP150 tag UH030 LLamé'fagiJﬁ 5 18z 6 WU
Wandiwesdioniiaundieadsiu Aefianiy
Budunsnses a AU 8 Un$ TAmdndgean
ﬁaiwawLﬂuﬂamé’uiuﬂﬁﬁwLﬁumiqqqﬂdwa
Tussdugsgaenumuiusy egndlsAmuilonan
AN584 mu%ummﬁuﬁgamaﬁwaﬁﬂﬁaqmﬂ

gndnwiy TEIMTmsusUWaEnglugnTUNINTY

Y

[

=% o

Joild  Amdndanas Fawuinamdndaarine
a1 A 8 VTR LLUSURa 2 wila SAnsn
ALy 6 113 wazdlowSouiiou Tslndnand
YOIUULUTU UP150 7inusies 4 wag 6 U1s wusn
Wanddnsiintuludasusnogedug uazanas
Lﬁﬁ"]ﬁaﬂnzmﬁmmzazL’;mmimaq Vi umsy
TurhaSudures svuuiitinrudusninti AU
unlgdasuauassluaiszats  Juinnsduy
iuveawedTien sdselieinaziiuay ogdls
Aoy dlonainisnseadiudiu vldAnnnsavay
YBIDUNAVURMULLUTY - dInalvindudunIuy

Tunslyaiuudsinlrinisanasuaandndg

NANGLNDULDNVDIUUUTY UHO30 9

¥ =€ o

AU 4 kay 6 UNS DlUshianeaemdanulay

o w

TJPNULANFA1UBIANE TRl T AN ALY

]

Tagnu
ANUAULNafansasUwlaswed Wandmwastien

[11]

b4

Flux (g/min.cm)
g &

e
=

] B0 100

a0
Time (min)

5UN 5 vidndinesiienveuuuiusu UP150
PAMUSY 4, 6 WAL 8 VIS

[+L vk L]
8 bar
ety 6 bar
“E o024
g
€ oot
E 1
2
¥ 0.012
=
T
0.006
0 . 1 - —

100
Time (min)

UM 6 Wandinesiitenvadusiusy UH030
APNUGY 4, 6 LAy 8 U5

Nandnasienvas UPO10 NNy 4, 6
& % ‘:4' 1 -'-ﬂl a U
ey 8 U3 WAnaRaguil 7 nudnlleliguiulasiusu
UP150 wag UH030 TUsludndngiiaanunmanang
veilonadumszauiagnsuiiiinases UP010
FuntvanIzinarlawdurenINul Ut uway
A1AA9 AULANFE19Y89 UPO10 919LAR1NNNT

o

gARUNEIMTILLNLUTY BunIATatanThiause
bl

WINFUVLIAANL nanABllarwIATeteYNIA
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wazgNUlANLANA1siueg NN Inayinlyd
asliannsadeudiinugwguld Ssannisaadu
nelugnyudseneudussuulidiniuiainld
sumanalvgiinsnszneluavesiduuas
sumaiansushlrtvuelngiu - dealv
Aanaifiutuvesdidndlugisduduuny &

A9AAARINUINUIVEVUDI [12]

0.025
0.02
Z :
20015 / 8 bar
E & bar
&
'g oo § jrd 4 bar
3 |
i O T T T T e T N T E TR TN
Lusp’mmm|mlmu Hii i
]

40 B0 100
Tirmne [rninf}

JUN 7 vdndinesiiievveuiususeau UP010
AU 4, 6 uag 8 U3

g‘d‘ﬁ 5, 6 WAy 7 wandliiuInAndng
wesonifindudo MWCO vesuniuTugsty
uananianudulunmssuiunisiigaiinasionn
Endiwoslioniiastufiemuiu egaslsfin
msdenlfiuuiusuil MWCO suadnaugiu
Aruduge KUt 8 lavinlemandatuauely
Flapnsnef 2 FeaenadosriuanAsoes [13]
luvhusadgrfundndinesdienves
UP005 wanadaguil 8 wuinamstusiasiemmand
agnalifedndy TUslndwdndmesiendinnudiu
15 uaz 20 U135 danuadiendaiu Aedin1sanad
lugaduduisiidunaidesanssuuduiuns
finnudugainlieyningnivintugngulud
nszuaesiioniilosanlnanlswiuvesniny

WUTULAENIADAS
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g 9lsAmulusindfanadu 10 11§
funltipdendsfuiuiusy UP010 failiflesan
ANIUUANANNTENIVIRBLNARAZ T TUWEN
Tuannianusulsiganniiuly Amdndines-
fonzudunazndndgavisvesuuiusudans
Hamsduainaedl 2 wuin Wndanvieves
sanusu UP010 TunuideiifialndiAsatuemidng
¥93911358v04 Saleh uazAmy (2010) Fanaaed
meviuiqvslulefwadewiusuneaeines-

pzAslalulnsd (polyacrylonitrile) vun 10 kDa

A151990 2 ANANTLNDSNLEONVDIUILUTY DART
Nawmsgu 9 4 ¥ia

Membrane | Pressure | Initial Final
flux flux
a4 0.0092 0.0058
UP150 6 0.0331 0.0213
8 0.0479 0.0185
q 0.0046 | 0.0042
UH030 6 0.0209 | 0.0156
8 0.0286 | 0.0137
a4 0.0015 0.0011
UP010 6 0.0031 0.0041
8 0.0107 0.0184
10 n/a* 0.00005
UP005 15 0.0031 0.0006
20 0.0071 0.0027

*n/a 199N USUnaLnesHeniAesunn



0.008

0.007 20 bar
2 15 bar
“ o008 10 bar
E oo 1%, |

£ 0,004

0.006

=

o
o
B 0.003

]
2 0.0z

0.001

100
Time (min}

5UN 8 wandinasillevivaduuiusu UP0O5
1RUAY 10, 15 wag 20 U3

3.2 MINNNUNADTDA

ANEINITANISANAUNDLGDTOAVD
UsUsans lawnsduie 4 vda wanslde
ANST 3 WUINULLUSUYER UHO30 wag UPO10
TA1Auaunsanisinduiilnalds et unaz i
Agseglutideuay 91-97 Fauanstemnundululs
Tunslfumusuiis 2 sdadieusnnawesea

AN5199 3 ANUANNITANISANAUNABTOAVD
UL USUDAR S NaLNTTUY

Membrane Pressure Glycerol
(bar) Rejection (R)
a4 66.45
UP150 6 63.44
8 48.31
a4 93.85
UHO030 6 93.11
8 91.14
4 95.11
UP010 6 97.62
8 91.98
10 88.37
UP005 15 87.52
20 73.69

AuEsan1sinfunaweseaiadiy
snFudlowusuiimvdnTuanadndosasud
WUIUULLUTU UP005 TAIANaIunsanisiniu
nawosoalutisdenay 4-88 wadonadumse
USunalangimestiienvesuuiusy UP005 sy
AEHANDNITIATIZN

Usunanilesanusunundweseadasy
finnauasluifminuusy Usznoaufuninusy
iuﬂwsﬁ%ﬁumuﬁgaﬂdw UP150, UH030 uag
UP010 Uszneu 3-5 W yilmiansnannawesea
dulugainselamasiien 3NNaveIAIINEINNTH
lunisuennfweseadeatvayuiinisidenly
sLusuifivualuanafaiifsaudunngld
anudugslunisuonanslaldlinalunisuendi
wueld nsguIuMsWEnEnsmsAlLlagWNLUTY
fuesdUsznauat1sBunIUg U ATNGY

29AUSTNOUVBIANS DU

3.3 nalnnalas

nalnvaqaalasldnisfiansauinn
FuUszansnisanasefidwandaniunised 1
Y8IN15N5098ANTTaLASTUITT 4 vila o Ay
g9an wansldfamsneil 4 warguil 9 (M) wans
N51NT0ANDUTUEUATIVOUUNUTY  UP150,
UHO030 tag UPO10 Lﬁaﬂmmumusu UPO005

o v =

a1 d‘ ! U 1 IS 1
ll“l]’)flﬂﬁ’]W‘VlLLﬁﬂWNﬂuE)‘EJ’NZJUEJﬂWﬂQJI Aelidanunsa

wansWaluns R tule
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A1519% 4 A1 R® URUNLUSUSANTINALATTUN

4 il
Mem- Regression Coefficient, R?
brane | CBM | IBM | SBM | CFM
UP150 | 0.985 [ 0.999 | 0.995 [ 0.988
UHO030 | 0.949 [ 0.981 | 0.967 | 0.996
UP010 | 0.868 | 0.814 | 0.843 [ 0.750
UP005 | 0.953 | 0.895 | 0.927 | 0.816

In J (em?minfem® )

Time (i)

(n)

14

12 Jup,

10 4

R?= 0.9673
G R« ,9958

UP 150 |

7% (em?minfem®)
L3

by UH 030 |
2 - UP 010 |
0 - r - T + - v T - T
0 20 40 Tlmgj(min) 80 100 120
()
25000
20000
515000
e
E
~_10000
€ 00
K
= 5000
0

60 80
Time (min)

(m)
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8

71 (emZmin/em® )
g

o 8 8 &8 8

120

60
Time (min)

€)

Uil 9 raves MWCO senalnvndas:
(n) CBM, () IBM, (A) SBM wag (3) CFM

3.2 MsNNAUNAwaTeA

HANITVARBINUTMUNUTY UP150 1k
R gannuuudasaiiualiunisiiarididede
nalnuiianisansiuvesgngu (pore blocking) dmsu
UP005 wuhnalnmseasiuvesgnuluiuy CBM
e R® gegaegsilifuddquiloieuiuuuy
a0y

dlefinrsuinalnnisgaiuve sy
UP010 Twwlthiliien R? sndusmiusuviindu
uafuualtiAnnsgaduesgngy Taduansds
nMssmieseyMATifamhvessUTudsHald
sunAkianunsaiugniuliuazanUIunsgnguy
Tusgninanisnses dwmsuluniusy UH030 wud

HANSYARDIEBAARDINUNALNNITNTOILUULAN

4. ayUna

NAN1SANEINISULENNALEDT8a8DNAN
lulediwalunisnsesseaudansilanstunie
bIHLUSY UP150, UHO030, UPO10 ey UPOO5
WU MWCO taganunuiinaneanandines-dion
AMEINsaNSAnAL wagnalndias sudded

PUINENIEANTYNNUTLAUNZEUAIT  FHHUULUTU



UHO030 fiemnusiu 6 ung Tnglvian wandimesien
2¢/l19290.0209-0.0156 ¢/min.cm?AUEN15D
Infundwoseasovay 93.11 waviinalnnidaas
wuuLAn wansnaasaskanstendululalunig
Tnaluladwuusuiiousnndwesea Tunsyuiy

msuanluleafiwa

5. AnANssuUsENIA

VA o w

fndeveveunm uTEnthduiivyy 91in
d‘ v 13 go’ LY a a o o
lviaueyaszviuiululefwadudinsu
NUITY WaEYBVRUAMY UATUANUIUITELIY
audsznauIngndemalulagsyuenasyus
wazliusieldnuedeinssaians uningide

wialulagivuenasyys
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muﬁ%’aﬁﬁi@qﬂizmﬁﬁaﬁwmﬁ’ﬂamwmaqﬁmﬁ'qﬂﬁﬁ%m TiO, laemsifiuansiveuu Ag TuUSinaiiuansnaiu
3 60 18U 0.1%, 0.5% way 1.0% lagtnmiingousanms mmﬁgaﬁwﬁaLiqﬂﬁﬁ%mﬁmdnﬁm%‘au%umﬁﬂmﬂizﬁw%mw
nstind IC uay RB5 Tuidiouluhdeduanesisenszuaumsinlnasazafinufuumasilauasinvaen UVA
fiflanudinas 1,000 uw/em? Tngnaannsifnansdotu Ag adluduseUfisen Tio, yhlissuiseniinam
wngauLasdidnea Mty euUszansnmgsgalunistndnd IC uaz RB5 Tuddedansiesi wihty 92.00%
uay 69.00% Audidy WieldFisaUfAzen 1.0% Ag-TiO, wagldszaznanismdn 90 udl luduwesnisiinsie
saunarmansvanszuiunstlaaazainlunsimindluiidedaaszsianseldaunis Lanemuir Hinshelwood
Tunmsedunenalnnafaufiseniiindu

AdAy: a15ReUu Inlneandiadu lwa-wa gnamvnsIudme

Abstract

This research aims to improve the potential of TiO, photocatalyst by doping with 3 different
amounts of Ag, i.e. 0.1%, 0.5% and 1.0% weight to volume. The color removal efficiency of all prepared
photocatalysts were evaluated with IC and RB5 in synthetic wastewater by photocatalytic process under
UVA light sources of 1,000 pW/cm’. As a result of the Ag doped into the Tio, photocatalyst, the doped
photocatalyst was more suitable and potent for photocatalytic process. The optimum removal efficiency
of IC and RB5 in synthetic wastewater was 92.00% and 69.00%, respectively for 1.0%Ag-TiO, photocatalyst
at 90 minutes. For the kinetics analysis of photocatalytic process, the mechanism of color removal in

photocatalytic reaction could be described by the Langmuir Hinshelwood model.

Keywords: dopant, photooxidation, sol-gel, textile industry
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1. unin
gaamnssudmeidugnamnssunile
fdwalhndamiuuafivman ewindu
gramnsudidosiinisldiniuliaaannly
AsvuIuMISHaR [1] Sedunevlunszuiumsnan
vosgmavinssidme  lihandumsirseingiu
uaznadeud Erunduddeddth mueingiu
Tun1swdn wu ddoudh ansiadl Asanusn Tavemmin
wardsdevwsine Twdule WHudu 12, 3] Wil
thidefiAnannszuiumandndnarudlagnldes
aNgALINFoNNIEITINR szdamansenulaense
HeNSMITNUesdilTin seuuinauaraanndon
yah dnmsviiemindevedsanugnannss
Wendaudrulngdesausznavveslalasnisuau
fifirunsiguazdesaneldon  duiady
fodrinveanszuaunmstdailtiusgludlagiu
wifnagaunsaidnesdusenouiiluuafivee
dawandoumails wldaansaidadludhi

Taag1etiuseansan

£
a o = =

Feiuauide i adulunsindeg
Tudhfideefnusuindedaassidaniouan
ddou 2 ¥fia louA Indigo carmine (IC) waw
Reactive black 5 (RB5) laglonszuiunis
WlanAznzdfin (Photocatalytic Process) i
nszvIunmIeenBinduduay Srufufuseiten
e (Photocatalyst) waziasdansililotan ﬁ’jﬂﬁ,

a v

fngusvasivanlunudded ldun  niswam
Ananimassdissufisentnindeulaoanlyd
(Tio) Tnemsifisansuaiuiu  (Ag-TiO) gl
nsiinasuaiululsiusiune35lea-19a
TN nFIs UiATe T Ina 1 maaeun
U350 1nKasIAsIsiaaunadI@ns lunis

| g a U I3
UnUndluddedunsigivesnszuiunisinie

ATAZARN
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2. gunsnluazdsnis

2.1 NIRRT ATE AU

nawieudussuiAsonieldlunssuiu-
nstlapzngdnnlnuwseudussUfaseauung
4 «ila lduA TIO, 0.1%Ag-TiO, 0.5%Ag-TiO,
uag 1.0%Ag-TiO, FunTouseitlvana anunse
wisulalasuanlnvileunnszlolalnswsonlya
(TIOCH(CH)) ], TTIP) fuansazanelolglnsniuea
(CHOH) dnsndu 1:15 laeU3uns vhnsusy
pH TidiAn 2-3 nasideuulaslddaneasiumm
(AgNO)) Tudinsnadan 0.1%, 0.5% uaw 1.0% lag
dantnsousunms wdvhnisniunadluanizde
laifloandawduna 1 Filus ndwniuiily
Auilguvndl 4 ssrwaidea unan 24 Hlus
swldansavansleamaiiaunsaiiluindeviinuy
Aananalanisiedsudassufiseauuslagly
asavanelanaiiseutuuuinues Petri dish
yuaduEuguSna 100 1y, A0 15 W, B9
HARINLAIVBLSTANG a1unsavilalagunsal
JUAFBURY (Dip coating equipment) ﬁﬂgﬂ‘ﬁ 1
mednsusilunsyguiedeu vy 9 Tadwns
siound wazvhmadeuiadusiuau 5 4w lunis
Juadeuiudazdudusududtuil 15 Wiy
100, 200, 250, 350 uwag 500 NG BRG]

ALEIRNY
e
L—f
4 1
3
1. fgunsaliadauil 4. Petri dish

2. 1195 LA 5. AN

3. @vavanelvaa 6. Hawna N,

5UN 1 gunsalimdeuilafusslfizen



2.2 ATISHANYAULNIINIBAINVD I
159Uz nNsen

wisfines in1sAnwdnuagnig
nMen e fizeilduustianiieg Sl
duesdnusiiuinlinseidegunsal Atomic
Force Microscopy (AFM) 3u Asylum Research
MFP-3DBIO d1vduaunneyna Anugusziade
fufiinunng ansnsefeneidelusunsudiagy
Gwyddion V.2.22 LagdniuruIntosiana sy
aunsadasenlagaunsal UV-Vis spectrometer
3u Lambda 650 Perkin Elmer

2.3 N1511USEANTAINAISNIANE LU
dudedanszi

wisuidedunseilagliaden 1C 19
AnududuEudy (C) Wiy 0.8, 1, 1.2, 1.4 wax
1.6 UM uagdusuddeu RB5 Ww3uulilANUULTY
Sudu WU 2, 4, 6, 8 wag 10 uM Litewn
Usgandamnisidnanianszuiunisinlnazey
dan ludswinsallnlnaznzddn (GUA 2) Tagld
ddedanseiafimsontudvaddy Petri dish
U311ms 50 mL wazvhnmsneaeduaniisdily
wassansihloanaiae  (UVA) fiannudunas
1,000 pW/cm2 wdvinisiiusiegeuniasie
ALt uvesATUasuwasiUiinan 0, 5, 15,
30, 60 war 90 Wi lngldinaliansinnsganiu
ﬂ?ﬁluLLmﬁ’quﬂiﬂj UV Spectrophotometer 3u
Biochrom Libra S12 wagyinn1snaassluaniiy

aaa

Aa o ! a6 1! = v
ﬂ’JUf‘jﬂJ‘VlILIGl'JLﬁﬂﬂgﬂiﬂ?WﬁﬁJ‘U?ﬂLLG]llIlIﬂ’ﬁIMLLﬁ\‘i

[y

dieldlUSeuiisuiunisnaaedluyavaass

1. Petri dish wpfiaudaisaufiizen
2. WAL IALES
3. NAANTTUIEAUTOU
U 2 deufnsallnlnnzazadn

3. NANINARDILALINTA]

3.1 NWALNIENINYBIALTIULRTEN

HANTITIATIENANBUEN N INYBIAIT S
Uffsenfiduuneiieioutui 4 wda degunsel
AFM wansdisguil 3 Jauananimene 2 uas 3 44
Gumé'hL'ﬁ'ﬁJﬁﬁ%mwﬁuﬂaﬁaﬂmq HANITIATIEN
mananuansliiiiuidussuiiserauisandou
ag'uuﬁuﬁ’aé‘hﬂawLLﬁauaii%ﬁmm dledann
YUINDUNIARALNITNTEIIUAIALTIUYDIAT S
UFR3evte 4 3lin nut eyneesiaEaURATen
w4 wiafluelndifesiu uasdinianseaned
agjﬁ"w‘%nmﬁuﬂmﬁwaqéffmmqﬁﬁmLmz dmsu
N193LATILRENBULNNNIBAMUFATEWAaUUI4
FwTonTuimundaelusunsy Gwyddion vl
AANIOAATIEVINADYAIA  AIAIINUYTUTELAAY
(RMS) LLazﬁuﬁﬁaUﬁﬂgmaaﬁaLﬁﬂﬂﬁﬁ%m%éumq

PanuANASoUTULR FakanglunIgIan 1
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A. 0.5%Ag-TiO,

3. 1.0%Ag-TiO,

5UN 3 dnwagiurmanignm
VRNl
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A1519% 1 YUIRBUAIA AIAUYTVTELRAY (RMS)
WUNHIUTINQURIFISIURATEN Uasuunyaadng

NAIU

W151dwas | TiO, | 0.1% | 0.5% | 1.0%

Tio, | Tio, | TiO,

YUY 35-70 | 30-60 | 40-60 | 50-60
BUNA

(nm)

RMS (nm) | 1.76 1.93 1.91 1.46

‘ﬁuﬁlﬂ? 1.024 | 1.003 | 1.004 | 1.004
Usng
(Hm?)

Y0939 324 | 307 | 296 | 2.54
NAIUY
(eV)

1597 1 wandlidiusaiingeidnuas
fufnvesiussUiiseflduusiavuaiinion
fu Useneuserueeynia AATMITYIHORY
wasiuiiausng Twmalieseidananndiidiui
amnsanIeufs s fAserfiduunsifloynia
YUIAUILY TN15AIIUATUIUINBYNIAR LAz
\dlofinnsanauvusziadeveadaus sufaze
wud Msaufjisen 1.0%Ag-TiO, Hmuugusy
wintesfian  wanfefinsaniiuiiiausingles
FIAENEIINNITIATBURIAIBFALIUHATEN
fumssutu wudn fuiiiausnglassauia
Wasuwasluanipuidnties  dmiunaiiassi
VAT 09719909 T IURAT A Suuaviavaa

MATYUTU WU VUIATDIININAINUVBIALS S

UfAsenduwnlduanasetuiulidndaonndos



FUuAseves Demirci wazAy MIANWINTHY
ansievy Ag ludssfiisen Tio, dwalivue
Foshamdrnuiivundnadasdlousinanisiy
asi¥euu Ag getununatosiemdsnuffivualihy
fzwauas [4] dwaddeonailulfifiedusug
dfisentunsruiunmsinlaazazdnniinlvwualiy
vesmsiinUfAsendaldatu ifesaindaus
ANU150ROUAN IR BLATlUYIIAILETIAA LAY
Flmnananniy wezsssundnutiosas (5, 6]
TeinanMsitasEeUy Tae Ag Mdualy
TugUvesansusznou AgNO, silwidissUf]isen
duansdovufinainevauesdauasluyag
mugmaauiintudwaliinlansendasida
(:OH) wazgUiesesnludisida (0)) AR R
arursalunisiduaisesndladiisuusuinlds

?jﬂﬁﬁu [7-9]

3.2 Uszansarnnisiadadludnge
faaszi

Uszansnamnisidndludndedansei
Wansfem159d 2 waz 3 WefiansanUSeudiou
HAYDINTSIATILHUTEENTAINAINA1ILEAS
TAuInszuviumnlaaenrafna1unsanidn
Afflanududuidafinnuduvesddesnin
gand1 dleRersanluniwesUssnnvesd wu
ASTUIUNNTAINaENNSaMInd IC laAnin RB5

'
aaa al

dgj 1 = ¥ 1
‘lJE)ﬂ’fU’]ﬂu1u€‘i’)u%@ﬂﬂ’]iLa@ﬂi%ﬁ’JLﬁ\iﬂgﬂiﬁJ’]V}

)=

uanei1eiy 4 vlla wudn Mseuiseninisiy

ansiWevu Ag lu TiO, TudSunaiiinnndtezdma

1%
a =

Tinsiinugiselnlanznvainiindulaanii
Mluszansainnisidedlududeduasiei
fiingandn Ineiiuszavsnnnismdndgean wiriu

92.00% @MUSUE IC NANULUTUSUAY AU

0.8 UM uag 69.00% @1mSUE RB5 NIAUUNTU
SUAY WIAU 2.0 UM AUFIRU

A15199 2 U£anSNmNIsMAand IC MensEuIuMg

al

WlnALnzanng C, LANFE1IIY

Uszansnwmsidnilald
C ALsufnsen (%)
(w\oA) TiO, | 0.1% | 0.5% | 1.0%
Ag- | Ag | As
TiO, TiO, TiO,
0.8 90.00 | 91.25 | 91.88 | 92.00
1.0 87.00 | 89.00 | 89.00 | 90.00
1.2 63.33 | 65.00 | 65.83 | 65.83
14 52.14 | 54.29 | 55.71 | 55.71
1.6 45.02 | 45.64 | 46.89 | 4751

a

AN5199 3 UsEANSNNNNSAARE RB5 M8nsyUIUNIS

WlpAznzanng C, LANANGAU

Uszandawnsidnilald

C ALseufizen (%)
(“;3\) TiO, | 0.1% | 0.5% | 1.0%

Ag- Ag- Ag-

TiO, TiO, TiO,
2.0 65.50 | 66.00 | 67.00 | 69.00
4.0 34.00 | 34.75 | 32.00 | 32.00
6.0 19.00 | 20.50 | 20.83 | 21.00
8.0 18.38 | 18.63 | 19.38 | 19.88
10.0 12.20 | 12.60 | 1270 | 12.90

A a

PatdlaNTUIUTLANTNNYDINTLUIUATS
AansanInaNIANUNTUANLAANIN 1HaIRN
NATDIANU LT UV DIASUAUFINANTENULALAT

paNTdURaTuLaIeIR NI HATelE nind
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Tuddsdnaneienududugeagiliiinns
uAULEs YAy LLmﬁQﬂﬁﬂﬂﬁaﬁwﬁ’lﬁ’; 159
UfRseanasssanlentanisiinufiselnle
Axazdfn [10, 11] TudiuvewaresUssinnuesd
Fidonld azdiuleuszansanwlunisiiand IC
fAwnnnin RB5 lesanuuialianavesd IC
fiwadnndn RB5 wazdnwuzlasaaiisluana
Y94 IC Ianuduteuesndt Juvinlvid IC gni1dn
Tngnszuirunsiilanzazdanlannin [12, 13]
yonani WeRansananisiinansiioUy Ag
wudh mafisansidevy Ag lu Tio, TuUsuasi
1NTUAIHATAEATIA DTUINY BT INEI VD
fsslfisendvunadnasinliujisenialds
mﬂgﬁu [4, 5]
dmfunanisinniunisiUasunlas
Amudduvesd IC wag RB5 Tudideduaset
LanafaguT 4 uae 5 Jauandliifiuin anududu
y99ans 2 wiadnsanategeseiionienan
iy ilesanuaannssuiunsinlnaznzdin
W “OH wag ‘0, Faanunsavendladadivuilou
Tuideduaseildgvilimnududuredludh
dA1anas [14-16] waziilofarsmnannnis
WasuLUasdang s wul1aunsadananis
Wasuwasmududuvesdetedmaulugiusn
lneidnsinisiauisengeanazegluyisia
15 Wiiusn Geavaiesnanmsiinatadediin
Y0315 AAeUS 1818 (Mass Transfer Limit)
289n52UIUNSINlnALRLaRnlnanoIafunaln
Msgedniafiiamhe st iisendaazanunsn

Wnuiseneendindulag <OH NRINTNTDIFIS

UFA3en SedumniuiifvesiseUfsendiu
Ifinagiinlviingadninvesnisiinugisen
(Reaction Rate Limit) vanszuiunisinlnazny
adnle [17, 18]
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uaﬂmﬂﬁmammmﬂ%’&fmwﬁﬁ'%msmﬁzjﬁmﬁ’u
wud1 nsldFassUAzeinmaiuasdetu Ag
Tusuafigetudwalisnsniafnujizen
AntulaRninmsldmisauRase TiO, desan

Y a

MaiNanslalu Ag aeliinmInseAuBiannsou
At 1vesins W ATeegeiiadosaan
wndadu sasanunsnannisifninondiudy
ylUARSENARLAATY [19] dwSupuimnga
yosUinamsdeUuitly wud fnan 90 il

Uszansnnlunisndndlutdedaunsizilag

'
[

fsaUfisen To firsiign uslunsdliflisauss
Ufnsen Ag-TiO, nﬂﬂjﬁmﬁm%‘wﬁu Y31
Uszansamlunisidnddauiniuiioiy
ﬂ%mmma@umiﬁaﬂuAgFLuTiOZG‘TEQLLamﬁLﬁLﬁu

2819 UL UNTARNAIAIMUTUTUVDIF S UAURN

ud 1C (L)

AULtL U

0 15 30 as 60 75 90
nan (i)

100 1
=
< 080
=
U
= 0.60
3
.3 040
=
c« 020
[

0.00

0 15 30 45 60 75 90
a1 (ui)
1.20
Co=12/M

V]

Yo

AUIdLTuE
=]
&
(=]

0.40

i (uni)



10.00

2 £l

— wn 950

o 8
s s
g 2 000

2 2

[ad «

« 8.50

0 15 30 45 60 75 90
0 15 30 45 60 75 90 v (unil)
nan (uil)
L0 _ 4 C, =80 1M

N C, =16 1 s 7.50

i 140 lé‘

] | 700

e =§

2 120 2

a 2 650

2; E

E 1.00 6.00

0 15 30 45 60 75 90
0.80 v (ui)
0 15 30 45 60 75 90
e () X TiO, O 0.1%Ae¢-TiO, [0.5%Ag-TiO,
X TiO, O 0.1%Ag-TiO, [ 0.5%Ag-TiO, A 1.0%Ag-TiO,
A 1.0%Ag-TiO, 5UN 5 nsdsunasninudutuyesd RB5

sUN 4 nswdsuiUasnnududuvesd IC
3.3 AUNAANEASVDINTTUIUNSINLA

AZAZARN

Tun1s@nw1aaunara@nsveIn1snIIng

fud RBS (L0

ANt

Tuddsdaasizinlenszuiunisinlinaenzann

ansnesuslauannis Langmuir Hinshelwood

(LH-model) [20-22] #daunisi 1 lagaunis

e Aanamianunsnesuenalnuisenlunssuiuns
4.00 :
Co =80 40 Wneznzanndsuszneulumenalnddy 2 naln

350

RBS (L)

loun Ujisenisgainia wazUfisereandindu

oom

AMudLduE

100 visllaunmsi 1 anansedaguuuulndiluguuuy

Y99aUNSRNAUlS AaFunIsN 2

250
0 15 30 45 60 75 90 ___kKC
na (ui) g (1+KC) (1)
1__L 41 (2)
Go=60/m r kKC "k

)
o

RS (L)
hedd
wn

ro=  ARTINSANUHATET (UM/min)

yom

ALbLEuE

5.0 v v =
AUUIUVBIF (UM)

(@)
1l

AIAINITAAUAAZEY (UM/min)

>
Il

a5

A1AINTUATE9ARART (1/pM)

~
1l

v (Wil
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7AUIINNISANWIAUNAANENTLUNISANER
a IC way RB5 Tui@udumsIeremnenssuIunis
Au C! aiasandnsnsiiaufisengan

Aauanslugun 6 uag 7

r! = 0.021C"+ 0.0039
R? = 0.9856 P

0.035

0.03 r! = 0.0236C"+ 0.0039

R? = 0.9932

r! =0.0198C"+ 0.0037
R? = 0.9922

r! =0.0144C"+ 0.0062
R? = 0.9894

0 0.2 0.4 0.6 0.8 1 1.2
1/ )

X TiO, 0 0.1%Ag-TiO, [ 0.5%Ag-TiO,
A 1.0%Ag-TiO,

v L3

UM 6 Anudsiussevine ! fu C
vaaufiselnlanznzafinlun1smdnd IC

0.08 1= 0.0462C"+ 0.0461

-1 _ 1
r! = 0.0545C"+ 0.0473 R - 0083

R? = 0.9689

0.06

r! = 0.0395C"+ 0.0445

0.04 [ R? = 0.9636

r!=0.0413C"+ 0.0406
R? = 0.9796

r* (L.min/mol)

0.02

0 0.1 0.2 0.3 0.4 0.5
C* (L/mol)

X TiO, O 0.1%Ag-TiO, [I0.5%Ag-TiO,
A 1.0%Ag-TiO,

v 6

UM 7 enudsiussevine 't fu C
vaaufiselnlnnsnzafinlun1smdng RB5

= N v o &
ﬂ']ﬂ?lh/l 6 LAY 7 LUDWAINTUIAITUFUNUS

sendn ' fiu C' vesuiselnlansnsdfntung
MdndlulndaunsigiaiuisaniA1AesnniIsiie
Ufniseuazarnsinisiiaujisenganniives

nszvauntilangazsdannlaglddisau)azen
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919 4 ¥0alun15i19ma IC waz RB5 1A fawandluy

ANS199 4 WAy 5

A19197 4 AAsNsinU e arAAINTsAn
Uiseandaiiluliselnlaazavdsnluns

Mand IC
v ! aaa k K
AaLIsUnnNIe
(UM/min) (1/uM)
Ti02 161.290 0.431
O_1%Ag-‘|'io2 270.270 0.187
O.S%Ag—TiOZ 256.410 0.186
1.0%Ag-TiO, 256.410 0.165

A1519% 5 AR SRAU ATE AL AIATINTHIA
Ufiseaadaialuliselnlaasavdsnlung

Aind RB5
L2 1 aaa k K
AN
(UM/min) (1/uM)
'I'iO2 21.142 1.145
O.l%Ag—TiO2 21.692 1.167
O.S%Ag—TiO2 22472 0.963
1.O%Ag—'|'iO2 24.631 0.745

definnsanemfisngg lunisiindly
drdedanseilnonsyuiunisinlnazazdin
IWun drnsiinafnujisernazaiasiinisia
UfNsegndniy wagdmumsiinujisenlunis
fdadludidsdunsgsilasldius s fazen
1.0%AgTiO, firuansnsalumsiindliaiian
wihndlefinnsandseansanlaesanlunsiing
Tundedumsgiiinm 90 il ilmussansnm
Tunsiidndlndidestu  widefiansanluudves

aaa

JaunamansvenIsiinUgiselunseuiunis



fAanann wudn mskifnseUisen 1.0%Ag-TiO,

yhlrsanmafeuiisenlnesaningsan Jauans
Tiwudnnsifuansidevu Ag ludissuizen
TiO, annsniindszansnmesdausufasen
dwnsunszuaunsiilanzazdfnladusgned

4. a3

nanisdnuiluauifeduansldiviugg
mMsiinansieduy Ag vudssUjisen TiO, vile
Aduursansaliudneniwyeefassujizen
TiO, I Juednadilnednss fizendandnanunsn
U1nd IC uar RB5 Tituidloulutidednasie
Iolagdiuszansamgegn windu 92.00% uag
69.00% HNUANY

5. inAnssuUsENA

Adeiaunsadusaqaaldsaes
AIEANBYLATIENAINUNINE T ALUlAE
FUIARASYUS UagdinUANENITUNITNITIY
WisR (3. Bsatfuayunuide Jsedd 2558
2559
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Abstract

The objective of this research is to compare the evaluation of performance damage levels under
seismic forces by guideline of FEMA 356 and DPT.1303-57. Five and eight-story reinforced concrete building
were structural models by using finite element program. The studied building is a common housing building
in Chiang Mai. The structure is a beam-column system and not be designed for earthquake resistance.
Both buildings have rectangular shaped building. The height of five and eight-story building are 14.95 and
25.75 meters respectively. The Linear dynamic procedure (LDP) utilized modal response spectrum analysis
(RSA) was used this procedure was conducted for 3-Dimensional structure. Fixed support was used. The
evaluation results indicated that performance level of both of the buildings is collapse prevention level
(CP). The acceptance criteria of performance level for beam based on the guideline of DPT.1303-57 and

FEMA 356 are slightly different, but, for a column, the both of guideline are different. The acceptance criteria
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of performance level for a column based on the guideline of DPT.1303-57, percentage of increasing was

0% - 20.70% for immediate occupancy Level (I0), and percentage of increasing was 0% - 20.40% for life

safety level (LS) compared with guideline of FEMA 356. Whereas, the acceptance criteria of performance

level for a column on CP level based on the guideline of DPT.1303-57, percentage of decreasing was

0% - 13.33% compared with guideline of FEMA 356.

Keywords: reinforced concrete, earthquake, damage evaluation and response spectrum analysis.
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‘LumsﬂﬁwimmmwmaamaqLaamumauwamwﬂuumawumaﬁuumaumsﬂmLaarﬂmﬂmi Fadulugy
wdonlfintosiofunivansetnaty Hansle (Pareto chart), dwliaanuddgy (Pareto priority index, PPI),
nsAndenidedymauuuimiafanssungualuauAmnIn (Quality control circle), w38 N15ATILRTRUNNTDT
WaTNANIENU (Failure mode & effect analysis, FMEA) agslsAnisnenaniinusinisanidannign1snansuies
UaduauLien wu ﬁawmﬂmﬁuaama%uﬁuﬁ‘uaqLﬁaﬁaﬁmmmmaﬁﬁaLL@]’Iﬁﬁmﬁfﬂmaaﬂﬁﬁj’aﬁ’mma6] dAgLrinAu
IuiiamummﬁﬂmmwuﬂmmmaqLaamﬂmiwammﬂuimwaa meimmiﬂi‘umwmaawmimﬂmamﬂmauﬂ
uenaniBsUSamendeiiinty wu AIUTULTY, mmmulﬂlmavmuwwuama mm%umumuamsﬂsuﬂsq
ﬂiumumiwamwaamaaLaeﬂm&’Jmiﬂﬁuqﬂm%miaammmmuimﬂuimammama@mmwm 7 UAENITUIUNIT
Sutuddinsed (Analytic hierarchy process, AHP) ‘Lumiﬁ’mLﬁaﬂﬁa%’aﬂzw’]LLazﬁmWiU%’UﬂgﬂmzmumswﬁmLﬁa
anvaudy wamﬁ%’awu*jwmEmé“qmiﬂ‘i"wiaﬂivmumiméﬁﬂmEJma‘divEJﬂm“[,%m%aﬁaﬁv‘hamimﬁuivmwLﬂ%ﬁﬁa
mumwm (7 QC tool) uagnszuuMsETUTIARAT I (Analytic hierarchy process, AHP) nansfinLaaNtAseNs
ﬂsuﬂsaﬂmmwLwaamaaLaammaaamaummmamﬂmmLL@ﬂmwaqmuuﬂmmmﬂmﬁumLLmaummsﬁLumﬁﬂmLaaﬂ
Idognamnzandndeannsaan %mama‘[,u{jﬁymﬂmmw Adwdeadls 2.63% lneAaluiu 9,529 v rsiiou

ANANARY: NITUIUNTERMUTUTIATIZY, N15ARNLEDNLATINIG, N3anTasdy

Abstract

One of the most important phase in quality improvement for defect reduction projects is the project
selection phase, almost current researchers commonly use the well-known techniques such as Pareto chart,
Pareto priority index, Quality control circle method and Failure mode and effect analysis. However, some of
such methods consider only one kind of selection criteria like defective rate of Pareto technique or multiple
criteria consideration with the equal important weight. In the case study, the quality improvement project
selection must be selected base on not only the defective rate but also severity, possibility, and failure
cost aspects. Therefore, this paper proposed the integration of 7 QC tools with Analytic hierarchy process
techniques to select the improvement projects for defect reduction. The results of the integration of 7 QC
tools with Analytic hierarchy process techniques application, the project selection result can reasonably
reflect the different important weight of each selection criteria. Moreover, the defective rate of air tank
painting was reduced about 2.63% that cost 9,529 Baht per month.

Keywords: analytic hierarchy process, project selection, defect reduction.
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Toyalennnn (Qualitative data) ald3sns
Wisuiieuiiazgdsendeinaeiussidumnsgiu
MM 1 musegnansiiuumaivn
auddan AHP lupnsnsdl 3 aeldnseu
HalATIAT19NITAALE NI DA82TNTEUIUNTT
Srdududaiemeideguil 4

A3 3 fegNsAUILNATITNAUEARY

IINNANITIAGRUNINTARGENTITD
dymuiloviinisufuuss mumssi 4 wudn
inauinnsAmLdenillauazuuugafigado nasi
Auduuvends (0.42) 838 nTuANLTULT
vaadym (0.38) fuanudlunisiin (0.14) uag
aulemialunisuily (0.06) anadsiy

A19190 5 wan1sdnaIfuLazAntaanmteatyn

YDUNUNNTAAGTONIN AHP meladadeaunumnu
W3 | Ariaay Jededu | duqu | Amiwidn | Srduil
Wisuidigy | duny | Toma | aud | sukss | Mg Sy (um)
inpusiitass GMM —
aduLn 240 0.21 1
uny | 1 [ 6 | 4 [ 1 | 22 "
: dlva 200 0.18 2
Toa | 16 | 1 | 13| 15| 032 —
r dLnon 200 0.18 2
AL /4 | 3 1 /3] 071 .
dviau 240 0.21 1
swse | 1 | 5 | 3 | 1] 197 .
IDYUA 240 0.21 1

TneAiminain AHP sldse3snag
Geometric mean method (GMM) [7] fl969814
nMsfuuARAsmeTs GMM lunamiduduny
Famldan [1 x 6 x 4 x 1]1/4 = 221 910t
wiAmdngIn AHP fenisinAedsdaeis
GMM 11%1115 Normalize titelsfdniingau
fawvinfu 1 Tesanunsauansladssl 2.21/
(2.2140.324+0.71+1.97) =0.42

A1519% 4 NANISIARIRULNUINNISNITAALADN
Witelayniiteriinisuiulse (CR = 0.02)

nan1sina1fudgninielddadenu
Funuausei 5 wuihitgmannm Fdude,
dvau wazseeUadlduyuluniswiluaugandi
919U Wukud 240 mwia%uiuﬁumzﬁﬂmm
AN mdundeaiunsoud luld dredunud
fnife 200 vmReTY

A998 6 HaNIINEIRULATARLAINIIT UM
meladaduiumnugunss (CR = 0.07)

Jadedu | Avade | Andwin | saeui
wade | waual | Aade | Asiedn | dheudi AIUTUUSY | A9ETD N
Tun1s | #2833 | 21 AHP GMM (AHP)
AaLdaN ERIPIG 1.15 0.23 3
1| sunu | 221 0.42 1 dlva 0.73 0.14 q
2 | Tema | 032 0.06 4 A 1.37 0.27 2
3 | ewd | 071 | o014 3 Aunqu 0.26 0.05 5
4 | Juuse | 1.97 0.38 2 508%n 1.55 0.31 1
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NAN1SINAIAULaZARLaDNAIT 0T g1
AelATTHAUTULITINUINEUNTOSEFIRUAY
thuiharuddyanadusldsd sesda, Aiden,
dihudle, dlva, wazAnqu, anamad 6

A58 7 wan1sdnaInuLazAntaanitatyn
neladadeauaiud

luvuzlhvaiunanIsinafuLazAnLaen
Wtotgmnelatdadeaiuauanuitaiunse

[
P

Fesddiumudminanuddgainadlulan
adudle, dlvia, dvay, wazsoslnmunnsed 7

A998 wan1sIRaIRuLarAnLaanIITa Yy
neladadesulonia (CR = 0.05)

Uadenu HYadedu | Anade | Adawin
Audves | %vaude | Arviwdn | dreuii Tonmidlunis | Aae35 A | deudi
Jeyviliiin Wil GMM (AHP)

A Pudde 265 0.20 1 Adudin 3.84 0.58 1
dlvia 1.93 0.22 2 #lva 0.84 0.13 3
Afon 1.74 0.20 3 dnen 0.87 0.07 il
dvay 1.56 0.18 4 dvay 0.27 0.04 5
50839 1.02 0.11 5 50879 1.20 0.18 2

{ vdeilyvimngauiign } .
SYAULNLIY

SEAULNUIN

SYAUNINABN

7

U

CaN

4 yulsS R U TR siiedAnEenve Uyniiiovinisusuly
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A19799 9 Han1sAREENITe Ty nAIEIBNITUIUNTANRUTUTIIATIZR (AHP)

. inausinsUsziliy iwtinanuddyvasiiteiiymamnin
Yl -
FazIBuRAUeLNe] uwitn |#luda | Hlua | Hden |Filuvqu| seeda
1 HARTUAUYL 0.42 0.21 0.18 0.18 0.21 0.21
2 Tenalunisudly 0.06 0.58 0.13 0.07 0.04 0.18
3 audvestlymn 0.14 0.30 0.22 0.20 0.18 0.11
4 ANuTuLssveslam 0.38 0.23 0.14 0.27 0.05 0.31
mfﬁwﬁﬂmméﬁmﬂ@mm 0.25 0.17 0.21 0.14 0.23
asuANuddgyvesvalymamnm 1 4 3 5 2

A13197 10 nansAndentitedymmnunuinisianssungualuauamn1m (Quality control circle)

vadetdym | wanszwu [Temaluns | awdves | Annuguuss | sauasuuy YT
AU wily Ugymn vaeUgyin

1. @wdn 4 5 5 3 17 1

2. dlva 3 3 i 2 12 3

3. dnon 3 2 3 4 12 3

4. d@lungy 4 1 2 1 8 5

5. 5087A 4 4 1 5 14 2

AUNAIINNITINEIAULALARNLABNITD
Jgmnieladaduarulentalunisudladgmn
WUINEUITOEBIAAUAINUITNAMNEI AN
galusladadl @ludie, seelin dlva, dfen was
a a
dviauaunsne 8

WansAnldann1nsiugnnseyinlagin
UminaudiAgvesnuginisidonlutnazau

) = ' P ~
weniuazkuuilaluidazay - Jymamunini
AITONAALFBNNYIINTUTUU TN T0EBIa Y
ngalumildenuil #dwda (0.25), sedn
(0.23) Adien (0.21) @lwa (0.17), wag d@vqu (0.14)
AILAAILUATTI9N 9
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lagiilodinanisanidaniided gy
A o Y N o v & a
WevinN15UTuUTlaedBnsEuIUNTAIRUT U
ARTERUTEULgUAUITHUgIUABNISARLEEN
WteUeymnuiuIMaRaNTTUNALAIUANANATI
(Quality control circle) mua1s19A 10 Fadl
n1sHaNsaunaeilunasAntdeniagliiinidn

Anuddtuluynnaeinudl nansinaau

1%
aa d IS

IngdsNuguiinisaduaiduvesdyninuain

Y ) o A = aa
NIV 2 ﬁ‘l‘wa WAy 3 dlman YP9I9NTTUIUNIT

(%
v oA

WUTURIATIElUrTnANd Ay AuTgm

2D Do

N 1 3 denuinndt Jayaunni 2 dlva
=

ULIBIN19INDNTNAVDIUINTNAIUF1AY VD

€

NN TULSIYeslymiiiangs (0.38) daaly



fuazuudt Japmanunmdiienldsugeiian (0.27)

MElANTUTEAUMENAINAILTULTIFINGT
F9NUTIAINNFRITANAIBILANGA
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v
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3191998 A KA DAL MULALFUN UYDIHAR Fua]
Tuign

pglsfmuiilesanuanisdnidensite
Jaymuiiorinisufuugadieistanssvaiunis
Sdududiieseiuagitauuuimisianssy

naumuAuAunlnanisdadandaymaunm

D

nfauddygeganseiufie Aidwda Snvis
ToINNANIIF1UNTNEINTIUNITIENAULND
YFulse wideildsdadenidedamiamnin
a & < = a ~ o U

adudinigedaymineaiiovinisusudsslugiue
lasamsthsesunumsiden e 3 Jamamnin

AIUNENAT 80:20 YBINLTLA

5.3 NANTITANEINTZUIUNITHANA 28
WHUHIINTZUIUNTS (Process mapping)

AINNSANYITUADUNTEUIUNISWAR
frussgemalulsanunsddnyinuidduney
nsHARanNA 18 Junoum SUT 5 unug
nsvuIumsHan Tnedtuneudiflduiertetu
nsinvendsludunaunisudni 16 Wudsesitu

?1 naslALKUwmaNNay
? 2. LSUEJZHEJG]
3. Wounsiiy
C? 4. laldluvoans
5. Lsuammmmﬂ
?6 LﬁUﬂsummmmﬂmm
7. Lﬁuammmmmaamﬂﬂ
<28. Faseusrvosrds

9. WATWIAFNAL RN
10. 1dfldlu

11. Unedua@auindin
12. Waumnea9

dl' = a =3 LYY
13. WaudnRntanAing
14, 996389

< q.'/ [y}
15. WABYSIVDIS
16. WUd
17. WUAMAUUY

&
NN

18. AS2ATAL

JUN 5 wnuQinszUIuNSHARGIUTIFOINA

lnggunmuansnisviaulunssuIunig
wudsesulagniuandlilomy sun 6 lawdu
nouRanavziinalnvesiuNgninnslinniu
A | 6 vy Y] a o
angniiuwaznszaeeenillilvdounduindaniu

Funulunendsla

Rl

Ul 6 mavhanilunszuiumsiudsesiiy

5.4 WAN1TIATILINENUAYRIU i
FreunuasvsoUs e udefiRauutuay
(Defect location check sheet)

Mndoyaildifvnuruandunuiidy
voudetaymamunn Adudenuidnlvgialy
Fuvsduanaus i D GsRmiu 75% veq
$ruuvsadeoinsiidudindomadaansdy
397 11 uae g‘d‘ﬁ 7
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M15199 11 wanasumbanmuvesdedamaninin

Adudinuuduau
AU | euvide | anuukazdsgazIueu
wu | Jaymaunmdidudie

1 A 0 0%
2 B 0 0%
3 C q 25%
qa D 12 75%

- - A

] L]

D

NTayafina1IUlaindwandnny
= a & < = ¥ U
vaaudelgmaunn Aludeiinnuaenndosiu
a A Y a v do o an 19 v
U3 dadinindndudlulvdanssaney
919AsauUAqu LI
5.5 Han153ATITRIamnavastlaym
AERamMALazia (Cause and effect diagram)
Welvnisasiginannguesdym
fAnuAToUARY KuvinkazHa Augun 8 3egn
U1l S 1A UNISRINTUIRTUAITNLFITUN
(Risk priority number) AIUWANNITNITIATIEN
YDUNNIDILALHNANTENU (FMEA) In8KANSIATIEN
1 a =3 al %
nunUgymaunndduds  Janvsranunain

dl 1 901 1 v a
N3N MWUUWIM@JW’UU?{

LADIANT
wrluvioAsesit

) winMuIRANTIUIGY
lillfosnuuuiniitesessu

laifwslunisaeunu

& e
Fuauiiivnngn aourulsdiitome

uniuegguiuly

dyosiiu

" Lifunmsgrulunisuand . T
Msiudsesiu
dnduvenisuand —— Unuithiged

lwiangau e
mavivdsesiiuianszany

JUN 8 HaNTIATIEIMA MR RLVR LAY

(Cause and effect diagram)

ilushudligaed
ANUFRYAINT
seeuaun
l Y

ALVDLUIU] AUNUELTEAU
g LAUlY dngaiuly

suouvulyla wiunualyle
ONLUULLND DONLUULND
5895UTUIUNY 5995UTUIIUNY

YUINYTI TUITUIS YUINYTT TUITUIS

LYY UNIULN LRYYBULIUUN
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UM 9 wansiasigsimanvnlaensanuyinly
(Why-why analysis)

IINNANITIATIEN A NUYLABNITAY
vinly (Why-why analysis) mugﬂﬁ 9 WU
aumamdnivihliinuiligadiinainazveuriy
Furuuazuviuudlildgnesnuuulsesiutuam
fiflannnenn Feduieildiuinduenuen



spvintadaiausogaduaiinasansainnis
wule

5.6 wuanen1suitdeynn ahwf']lsj@ﬂ?i
TnennsuSuszaustinutih

IINNANITIATITINIA NG LAENITAY
vl (Why-why analysis) mm&gﬁﬁﬂﬁmwj’l
lipadiAnansesuinuiliifiemefiazasouaqy
Funuithiunenldidosanavvouiunazuiy
Lil¥eonuuuiniiiesesfuiunuauineny Jus
Suasvousiuh fedudnaulaudusysurhuh
TneUsuliszos A vessihutifisduain 0 cm {Ju
60 cm (AMUIUIAANINETIVITUIUTATIUIAE
flanfifinianan) WelMfinfiufiaseuaquanniy
AIENITRBNHUUTEHLURINTYDMYIULAL AN
wiunudlmnzauiiosesduiunuauine

)

T8 A
nanlulsa

aailiinlya

JUT 10 sgauswiludunounisnudsesiiu

5.7 wammﬁ’ﬁzy,mshuﬁﬂaj@ﬂﬁiﬂﬂ
nsuFusERUtinuth

N§991NAITUTUUTINTEUIUNTHUATE
fughensusussdusiuth 3dinsmaaoudie
Uszillunansenuannsusulalaenisnsivaey
Funuiindaanszduiuiiuiuudndusees
nan 1 feu (sewinedudl 15 nangieuds 15
domnew) WigudunsunsuTuuTmalsingin %
voudetayinunmdiludaanas 90 2.65%
Hu 0 % Fauandlumsnei 12

A1519%1 12 Y9FNAINISUSUNIUTEAULN

Yo4Ldy AvuN1s | WAINIS
2 saduiia U5uuse | Uiuuses
USnunsuan (Tu) 1662 1659
$uveude @) 44 0
Wosldus 2.65% | 0.00%

lngnan1snaae ANy AgIuTQNATtIi %

a a Q@ =1 I 1 [
vaadelaymaunmalulaseninanounas ias
msﬂ%’uﬂgﬁﬁﬂzﬂmnﬁwﬁu ABNITNAADUNG
&0 WU 2 proportional test wanslAiuNanTg
Utasauyigiulagnanisusulgeanienisusy
| ¥ \ = a =
duhdwane % veudsdymaunmaE@idude
Tdlanuuandainieuluusslaeiissduanas
ae1eiltfdnAny 91 A1 P value = 0.000 auguR 11

Z Test for Two Proportions

Successes in Group 1 4
Sample Size Group 1 1662
Proportion Group 1 0.026

Successes in Group 2 0

Sample Size Group 2 1659
Proportion Group 2 0.000
Average Proportion 0.013
Difference in Two Proportions 0.026
Hypothesized Difference 0
o 0.05
Z 6.671603666
Two-Tailed Test

Lower Critical Value -1.959963985
Upper Critical value 1.959963985
p-value 0.00000000
Decision Reject

UM 11 NanIVAdeUANYAFIUAIENITNAHDY

N19@DR WUU 2 proportional test
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57 n1ssd1fianrunaniswi Ugyun
sinutligadlnsnnsuiuseiusiutilussezenn

189910115U5UUTINTEUIUNITHUE
sefiudrensUuszRuduiildSunisuy
lunszuaunsnudassluion lguisu 2560
Asidanunanisud dyniaudilyged
TnonisufusedududiluszereniSagnnseiii
solloBnanuifeusening Weunsngnau-fugiey
2560 e % vosdelamamnin Adudaanas
2.63% Fedawalik % veadvanas neALRde
9.22 % 3zing Weuuwau-Tguieu 1l 6.59%
FENIN WWIBUNINYIAN-AULIEUY 2560 AILARIKA
leimnuguil 12

[ ar 1 % = =
iU 1:11-!.!HEI1-!1]EI1-! TeRd

20
15
‘E 0 L 92 903 9aa
@ S o | 642 6.74
=2 SEERIERLT . .61
U e Ay 3 IATY
Aaulay 9.22% o
0 . __Hasliusse
2 5 3 F E B
2 g 2 E £ 3
i F & LI~

JUN 12 % veudedudinannisdhAnanuna
nsundaym dhudligedlaenisususesiu
i luszeze

6. d3UuazaAUIeNan1IIY
Tnealuindesflofiuns natseg vy
HanLsle (Pareto chart), fiwll AnudlAgy (Pareto
priority index, PPI), n1sAaldaniaveteym
FINBUINAINTTUNGUAIUANAMAIN (Quality
control circle), 58 N1TIATIEAVDUNNSBILAY
NansgnU (Failure mode & effect analysis, FMEA)
sggnianldfunisdnidentidelymiiieviing
Usuusnssuaunswaniioanvendous  eensls
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aa

ARRsAInaniinasinisdadendienisiiansan
Wesdadosnudes Wy Aanslavesdosigud
vouduniofinnsamanetadoudliiuinyes
Yaduanusngg ddgvindu Tulssnunsalfine
Fanuilymuondeanmsuaniegluseiuiigs
win159INsUTUU TR aeRasandadedAry
Suq wenniiesUSnamendefiinty wu
augunsy, anudululduazdunuuende
ATt ainanenisuiulanszuaunsaan
ioanveadslnnisuszendldinieaiiofinem
aufuszarinaeiesiionmnimita (7 QC tool)
LAENSTUIUNTETUTUT LA 9 (Analytic
hierarchy process, AHP) lun1sfnldoniite
Jayvnagsiin1suivugsnszuiunsnaniiie
ANV

HANISIT8NUIIN18NFIN15USTUUge
nszuumMIndslasIUszgndlitesesiiefivhaiy
%auﬁuszm’wLﬂ%aﬁaammwﬁga (7 QC tool)
LAENSTUIUNTETUTUT LA 29 (Analytic
hierarchy process, AHP) Nan13AALAINLATINTT
ﬂ%’uﬂqﬂﬂmmwLﬁaamﬁuauﬁammaaazﬁau
m@qmaﬁ]mmmLmﬂm'wuaaﬂfmﬁﬂmmﬁwﬁiy
Ypaumavineilun1sAnaenla ag 1 uNIzay
wnnidsiuguBntedsannsoan % veude
Hapaaunin Aidudinasann 2.63% Jedanalst %
yeaduaiadsanainin 9.22 % sening Loy
wersu-Tguisy Wy 6.59% s¥ning Lheu
nsngIAN-fiuegew 2560 TneAnduku 9,529 um
AaLnau

7. YoldusLug

Lﬁaqmﬂszé’uuﬁuﬁwﬁmmﬁﬁ@t,az
danareanisinanveudsdaauslinicdseuing
wnsguililusnnsgiunisiadaniosdinslnsl
Thdululumareatusudunistesiulaliin
ﬂfuum%gw
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UNANED

mui%’aﬁﬁi’mqﬂwmﬁﬁaﬁmmmémﬁmsﬁmzLﬁmmﬁﬁﬁmﬂawaumwwwmaaﬂL@W%ﬁuhﬁaaz%mm
(wanafindie) wuuaruazden Tneldenasssuvifuria STR20 Tuusunauiniu 100 phr sewwassnanaindiiefiniu
msgesrunzknssues 10 luuSuia 0, 5, 10, 20, 40, waw 80 phr MUAWU waznauUSINaasATlusnsdLaaT
Usgnousey Fareenlen lWiniu 5 phr nsaaiesn winu 2 phr wesuaulawulglnesea windu 0.5 phr ladilamdfu
Wiy 0.2 phr wagfiuzdu winu 3 phr ﬁwmiumwauﬁaam%wmwuaaaamé& LLﬁUﬁ@%uiUﬁlﬂ%%miéﬁLL‘U'U%IEJ‘LJ
‘maamm 150 parmwaded LAWNUENIIINYIA YUIA 30x30x0.2 WURLINT NAFUANURAMULINTEIU ASTM WU
nsuilosenssssuminaunanaingdie snsdau 10 phr uammwmmuaummumlﬂﬂwu oA
AUAUMULSIRT wayALE U SANTsE NN daunTmuuukarduUsEAnEmsthanudeuiidansag
deleutunsudewnsssunafildinaraninsiie

¥ ¥

AEARY: B195TIUNR; lewnanainevizauliliaesdion; AnuaBenas; nszilesyiy

Abstract

This research aims to develop the natural-rubber floor tiles mixed with fineness ethylene vinyl
acetate plastic wastes (EVA plastics) from the factories. The study use natural-rubber STR 20 at 100 phr with
various contents of EVA plastics (e.g. 0, 5, 10, 20, 40, and 80 phr) and then mixed with chemical substance at
constant ratio include zinc oxide at 5 phr, stearic acid at 2 phr, mercaptobenzothiazole at 0.5 phr, diphenyl
guanidine at 0.2 phr and sulfur at 3 phr. The samples are ground by two-roll mill and formed by compression
molding at 150 degree Celsius with 30x30x0.2 cm of dimension. The properties of the natural-rubber floor
tiles are tested under ASTM standard. From the results, it is found that the natural-rubber floor tiles mixed
with 10 phr of EVA plastics is the suitable ratio for using as the rubber floor tiles in building. This ratio can
increase the hardness, tensile strength and wear resistant properties, and decrease the density and thermal

insulation properties when compare to the natural-rubber floor tiles without EVA plastic.

Keywords: natural-rubber; ethylene vinyl acetate plastic waste; high fineness; floor tile
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1. Arwddnuaziinnvasdymitinnside
8195550 MAnT o931 LuinATEgAa
filfsunisdaaiuainiguialvinisugnege
sioviles Tnslamzluituiinalduaraans Susen
downile vihlilagiudseimalneduduaauas
deenyrssssurnfuinidudunuiue vedlan
ﬁLﬁaﬁwaﬂQﬂUszmm 12.3 a1uls duands
devanUazUszanns 2.4 audu yad 100,000
auumaed Ei';uimgeiqaaﬂhﬂugﬂsuaaﬁwma%’u
HIUNUTUATY 819DULR Waze190yie [1] Weieoe
USnaunsugnenssssunfivesnguuseinade
p FuoonidudliiasssmaiuiiSuiuanmzugn
funntu deasesiruesenssssumariiuIly
andnas nsaLARSusiuunszdesenian
919555013 Judunwamemsuslatdgmsien
g1asTInIARNATiATiganamis 1desanidu
wanfasitanieaianiuiinaaugeanislias
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Abstract

This paper presents a method for analyzing the relationship between solar power and rated load to
use as a database for the installation of stand-alone PV system. The analysis is divided into 3 cases; need to
know the rated of the solar cell for installation when the user knows the size of the load and the duration of
use, need to know the maximum load size when the user knows the rated of the solar cell and the duration
of use, and need to know the duration of use when the user knows the rated of the solar cell and the size
of the load. The results of experiments to produce solar cell power at 50 watts, 100 watts, 150 watts and
200 watts in one day can be written in the form of the equation of a parabola and it is transformed into the
equation for determining the rated load. This equation was tested for all three cases to verify the accuracy

that the results have the average error of 8.25%, 4.01% and 5.09%, respectively.

Keywords: analysis, power, solar cell, rated load and equation of parabola.
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UNAnga

unanuildinaueiBnisadalaiussiugessming 3 - 27 kv Fendoudamiansuuaduiasy dmsy
nsUszgndldlnihussdugenszuasih Bmsasdlwihussdugedenioulamasuuaiitiaustiiinigliasun
wuguiaitelldliiussiugsasitlasiinssudldnuddsundastdmuteuluamglnaamsliiuasinigliiees
MUANLUUgUTATTNsATIsaeUnsEIaRawsanduntiefrunnsaadyyia PWM iielddmiuaudidesnis
muc‘qumiﬂﬁaaﬂszﬁﬂw%LLsﬂﬁugﬂﬁmﬂ' finsmuauaiadiinssuaveanUgugivemiiaudamlaeuunstieing
finsas1edyqros PWM seledidniSagu NESSS uaz TL494 wenanidedinisldasasled TLP250 dmiuvenedyg o
Fuina fimslilefoounond LM741 vwihiluUasuasuenenszuaianiadudygaussfuionuaunsadsdyanu
PWM Tauiuled UC3842 Tunisauruuuugulna nansnageunisairdliihussdugauuusing 9 nuiusagiSannse
aelwiussiugaldaiauasSauandifuiinudnvar lidudaduvedliuswiugeildronuifiudsunyas
nan1snTRaeuidmaliihvemioulamareuuadisagy wuideuseana 20 W

AdAey: ndeuUamlaneuwun Inhussiugs nsmivaukuugUile n1sauAuLuuaUln

Abstract

This paper presents a method for generating a high voltage between 3 — 27 kV from a commercial
flyback transformer. It’s useful in high voltage fields such as ionization or plasma applications. This high
voltage generation method has consisted of an open-loop control that depends on the electric load and
closed-loop control for setting a discharge current constantly. The high voltage is generated from the
conventional switch circuit and use a PWM control signal from NE555 and TL494 controller. In addition,
it had a gate drive circuit from the TLP250 controller. The LM741 is used for converting and amplify a
discharge current to voltage signal for closed-loop control by UC3842 controller. The results show that every
method can generate a high voltage and show the nonlinear characteristic between high voltage output and

frequency changes. The electrical power of the commercial flyback transformer has about 20 W.

Keywords: Flyback transformer, high voltage electrical, open loop control, closed loop control.
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1. unmin
Jagdulinsuszgndldlnilusaduglu
in3eslilufiviegunsalienduinusgdiiu
vosuyudiinanuatsaulaefiisienavglale
dunm wuluwedesdiolenans 2enmvedaes
SulnsvirlrsenauImeasuu Crystal Ray Tube
(CRT) laulvidn/zinuuas vaoalnuasadnsluse
wuuueuLAdesnnaznoulifingdin (Electrostatic
Precipitator; ESP) \AsasnoneInA Lﬂ%@ﬂﬂi%ﬁu
waviesidielsauuy Pulse Electric Field (PEF)
sudwmdeutaslussuudadngluiimumg iy
Judu - msaselniussdiuaserailalnenisly
wiouwladlnihadusn (Step Up Transformer)
wdaussiusmlndunssdugs maldaawdsn
Tumsudaaiy 50 Hz agvilisesdlddnuiusey
faunduazeoniinseudielildadufinaud
(Impedance) fidonadostunseualfanumagnu
Sune drdundeudasiiliauisisdvnalmgy
thytinunnuazsAung dumsoulauuuai
geeghamsiawdasateuun (Flyback Transformer)
g ltdviuanuideanisaianssfugs
dilvaldfunuilifesnsmdslifinfigannin
wazasuseiulagasening 10 - 50 kv faeea
wu yaaaliiusaiugares Leybold Didactic
Tuma 521721 wazves BERTAN usunsviind
DOALUVNNLAYYUTES Gamma High Voltage
Research g1 ES100P-20W 8133%a313lat 100 kV
Feazdosiisisauiutestulniiusefugady
peeRde uenandiilunastnsluilussdiugs
9819799 Spellman iszenduiavsiondas
Ti1AuRganaz199smiussfu (Cockroft-
Walton) dvsumsasnaluiusedugennmdionuas
saneuvadiSaguiitoedendesitalutugnin
Tuuszgndldlumannvansnuususiingide
\n3esanaznoulwiinadnuaziaesdudnlivil
wsariuasuuiadidusiu 1, 2, 3]
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2. nloulasnansuuanazieasidau
Tngiludmsfouvasansuvaiioglu
199silasuussuliiuunaeuua  (Flyback
Converter) agATMaINT0TiuUasiuLsaduliin
Iivannnanednuae wiluunauidazndnis
valouasarsuuaanizildlunisadelngi
usesfugaauansluguil 1(n) was @) fusuman
wazvnaInnslundowUaatsuuaiuy HR8545
uay HR8457 AITUUY 10 VIMATUUY 12 V1A
g [4] amndiddnynelufedalnihusstugs
(High Voltage) NesnunAenil (Secondary) fiaz
fignuasdumelidunadulvgdedansudves
1V\|ﬂf1LLﬁaoﬁ’uqqﬁwLﬁuﬁm 8 (huu 10 v1) ke 10
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wuIndauuand1efuin @ isduain
lenansTgaziBenlunsazsunEiGn) mnliaunsa
yienansTeazideagutug 1§ enal¥isniaiu
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(Skin Effect) vasftiuagarmdliay lnsany
nsldauluaudfigeanslddtuuuiduain
Avuu (Litzendraht: Litz Wire) v3eainsii
Fudnruauiunateiduiufindoald i
wifnsuhfuiufinidavesunaindulng
wuuy [5]
2995Wa18UUAADUIBS MBTLT WIS
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(DC-to-DC  Converter) flesldluuwnasanglndi
ymdnliAy 100 W lagimuiunanieas
Un-yadpeuiesines (Buck-Boost Converter)
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WUUAILAEILUNISTULINTELAVARIANIIA 11
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Flyback Transformer
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3.2 N3AIUANAI PWM wuuguin
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Cycle vi¥ovanan T, FeaeEuddaeyos Duty
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393 Faluwsiel WeRinsantilusnshnuresaaiassnsmzwannszun 720 Tilused asdszaziatlunshiuyu 0.3 Y

ANEIARY: WAANTZUN, LASEINZINE, HIDIZLLAANTEUNLUUITEY

Abstract

This research was aimed to increase the production of barking deer’s mango in the community.
The machine consisted of four main parts namely, steel frame, conveying unit, shelling unit and power
transmission unit. Experiments were divided into two parts. The first part was aimed to evaluate the optimum
shape of shelling unit. The second part was aimed to evaluate the performance and efficiency of continuous
type barking deer’s mango nut sheller. Based on the tests results, it was found that the flat shape of
shelling unit performed the best in terms of capacity and efficiency of the machine at the revolution speed
of 1,000 rpm. The performance tests of the machine further showed that the machine had its capacity as
10.4 kg.nuts per hour or 1.04 kg.kernels per hour at the speed and feed rate of 1,000 rom and 30 nuts/min,
respectively. The electrical consumption was found as 0.87 kW-hr. The economic analysis showed that the
operation cost of the machine was approximately 4.5 Baht per kg with the break even point of 393 hour per
year. Considering the working hour per year as 720, the pay back period of the machine was found to be

0.3 year.

Keywords: barking deer’s mango, nut sheller, flat shape of shelling unit
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Abstract

This research aims to develop the ceiling board mixed with coconut coir. The 5 ratios of gypsum
plaster: coconut coir: sodium silicate: tap water are equal to 1: 0: 1: 0.03, 1: 100: 1: 0.03, 1: 150: 1: 0.03, 1:
200: 1: 0.03, 1: 250: 1: 0.03 wag 1: 300: 1: 0.03 by weight. The ceiling boards were produced by casting in
normal temperature (30 - 35 degree of Celsius). The properties testing of ceiling board mixed with coconut
coir followed the TIS 219-2009 standard (gypsum plasterboard) including: breaking load, nail pull resistance,
deflection, water absorption, density, and thermal conductivity coefficient. From the results, 1: 150: 1: 0.03
is the most suitable ratio of ceiling board mixed with coconut coir. This developed ceiling boards can reduce

the quantity of coconut coir waste and get the good thermal insulation ceiling board products.

Keywords: ceiling board; gypsum board; coconut coir; thermal insulation; local community
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Abstract

This research was aimed to study the durability properties of concrete containing strength enhancing
mineral admixture (SA). The SA was used to add and partial replacement of 5.5, 6.5 and 7.5% by weight
in Portland cement type 1 (OPC). Dry shrinkage of mortar, carbonation of concrete, resistance to chloride
penetration of concrete and sulfate resistance of mortar were considered. The study found that the drying
shrinkage of mortar with fly ash was rather small when compared to that of OPC mortar. Also, drying
shrinking of mortar containing SA was less than that of the OPC mortar, especially when mixed in greater
quantities. The drying shrinkage of mortar contained SA addition was likely that less of mortar containing
SA with partial replaced. Furthermore, the carbonation of concrete with fly ash was greater than that of
OPC concrete. The carbonation of concrete contained SA addition was lesser than that of OPC concrete
whereas the carbonation of concrete containing SA with partial replaced was higher. By adding SA was used
in greater quantities, the carbonation of concrete had increased. In addition, the resistance to chloride
penetration of concrete with fly ash and containing SA was better than that of OPC concrete. Moreover, the
more SA was mixed, the better to resist the penetration of chloride occurred. The resistance to chloride
penetration of concrete contained SA addition was lower than that of concrete containing SA with partial
replaced. Finally, the expansions in sodium sulfate solution of type V cement mortar, mortar with fly ash and
mortar containing SA with partial replacement were lesser than those of OPC mortar, while its expansion of
mortar contained SA addition was no different to that of OPC mortar. The different of using SA quantity, the
expansion in sodium sulfate solution of concrete was no different. The weight loss in magnesium sulfate
solution of type V cement mortar and mortar containing SA was lesser than that of OPC mortar. While the
weight loss of mortar with fly ash was greater than that of OPC mortar. The different of using SA quantity,

the weight loss in magnesium sulfate solution of mortar was no different.

Keywords: strength enhancing mineral admixture, drying shrinkage, carbonation depth, chloride penetration

resistance, sulfate resistance
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oK 3.15 | 3.15 | 2.38 | 295
UL
A
avLoen
T3 | 3,300 | 3,340 | 2,373 | 2,800
wau
(w31.7/n.)
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A) @NSAUNIAIDR 9) 1NapY

sUN 1 Meneveneigegs (3,500 i)
Y8IRUN1AVRITANUTTATUNLY

2.3 msinArsuaiudurasnaunds

MaAnASUBITLIEIAIUNSR VIndeU
MIUNINTZIU ASTM C 109-07 [6] wag ASTM
C 856-04 [7] lagnag1sapunInuuIn 100x100
x100 fadns ndsanaeauuuiiony 24 dalus
wdnhsegrsnluindunar 7 was 28 Fu
wNUUnsEEEnaTIfuA Yisegnaiina
ueulugisemsiinansusiudu (gamadl 3045 °C)
Iaefiwaniusulasonles (CO ) azgnudssoenun

[y

TuU3H124 40,000 ppm kaEAIUANAILTUENINS

EN

[

fi¥owaz 50 i 55 Inesvasnaniisegundayiu
famsuaulaeenlesdi 28 Ju uar 56 Ju e
asuengdiiivua lunaaeumeiauEnves
mMadansuauty Tnouvsiegrseandu 2 3n
Tnelfirdomnasuidsavasneunin antuan
arsavarefluedwnidy (Phenolphthalein) 7
shegnaderunngiudiadunsdiilifeaiue-
iy usludruiiinansuaiudusiogaaaunin
9 lfid THesidesinarnnudnuinadildiie
f1hs (USnaiiAnaueLud) Havun 8 Fum
AofeYLAazdn ﬁaLLam‘lugUﬁ' 2 Uat
AadsAAUANASUBLUTY
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UM 2 nsiaanudnansusiudy

2.4 AMUATUNIUAITUNINTUARDLSA
YDIABUNIA

F1rSUNISANIAUAIUNIUNITUNTNTL
Aanlsn (chloride penetration resistance) ¥o4
AI9E19ABUNTA  NIAULIATFIY ASTM C
1202-12 [8] sheyaadesilanageunuuissliie
nsunsnduvesnaslsndesu (Uil 3) 1ieens
ABUNIAVUIALA UK 1UANENA19 100 Hadiuns
w50 faduns lasneauuuilony 24 dalus
wdualudndunan 28 Yu dauansazanedild
TunsnedeuUsznaume asavasleifeunaslsn
(NaCl) fiermdutudosas 3 wavansazaneluien
lansenled (NaOH) fimnududy 0.3 Tuas
doasuotgun 28 Fu thiedUsznoudiiy
waa (Cell) Iawyinn1siAGUTOUY HIFI9E 19
PR ISR dlenuwisiuduansazany
NaCl aslusmadsuiauuayifivansazate NaOH
adluwagdudauin Weldnaisavansudath
Uszneuthiuyaneaeusaguii 4 ndsantuldos
usadulnivmnn  6040.1 TaadruBudiogn
\n3esfleavrniseruAinseual i udegs
YoILAazwas 39915t uTinalaeSnlusla
nn 9 30 wit Tnamaaey 6 4alus lnsuansa
manageutdua1uszqluiinavauiindoun1u
megfinuleidugaeuy (Coulombs) lunis
ﬁm’gmmﬂizaﬂw%ﬁlmamu Teaunisd (1)
UaNIINT ASTM C 1202 I8 mussesunisunsnia
naslsdanaansindeuivesUszqliiih famsns
7i 2



0 = 900 (I + 2Ly + 2Ly + ..+ 2Ls0 + 215,
+L40) (1)

Tngil Q AerUszqlwiillvasi-uuvisiiegns
Aounsndviaeidugasud (Coulomb) & ,
Aousesulii vusindeanid ausesuli
fimieduuenuds (Amperes) Tuveugd | Ao
usssuln LAz AN sageu Snae
Wuneuus

M990 2 SEAUNSUNINTUAGDLTA HA1T0NIN
HaUsyRlninnsiaGauNIu (ASTM C 1202)

SRVANTEEDI T STAUNITUNINTY
fiindousiu Aaalsn
(GERHID)

11nN731 4,000 g9

2,000 94 4,000 U1unand

1,000 &4 2,000 i

100 fi3 1,000 s
Wounin 100 laifina

(n) waa () LSk UaInsewalnin

5UN 3 in3eailonaaaunuuisaliiig
MIuNINTUveInaslindony

1

=

UM 4 nsUsznauwaniniuyavagey

wUULSIlAARNISWNINTUYRIPaR LsPD U

4

2.5 NMIAIUNIUTANAVDINDSAS
TunsAnwmsaunusamalundaills
feg1aNesans lnanisussiliulyinnisvenedi
vaenegsluasazaslufeudan  waginnis
aydstminvesiiegndluasazansuuniifes
Faune
2.5.1 NSVYIYA
Tunsnegeunisvenemluaisavans
LAsUTaLNAYDIWBTAT  NARBUAILLIATTIU
ASTM C 1012-04 [9] lneldfag1euun 25x25
x285 Tadluns wdnaeauuuiiony 24 Halu

o w 1

wdegisudluiiyueidudndunar 28 u

=Y

dlonsurvunyiinisTnAueIBuLAR RS
Tarueny wanisiegissluansavanalyifes
Fawladitanudututosas 5 Tnethuidn (ngld
TRsudama 50 ndu luasazans 1 any Gl
UY3unad SO, 2 windu 33,800 ppm) laeinns
Yeefvesiieeefiony 2 4 8 wag 13 dUai uay
N9 2 Wou vesnswrluasazanaluneudaims

2.5.2 mMgaydetmiin

lddrag19usf1uuIn  50x50x50
faduns  lunisvadsunisgaydotivdnly
arsazatguuni@endame  wdIRIN0ALUY
foghaiiony 24 dalus thiegrautlutyurm
Sududunan 28 u ieegasy yhmsiathmin
Buusnuesiiesns udtidegurluasazans
wunfdeudauladifiuinm SO,2 wiiu 33,800
ppm (asldunnii@uudain 42.36 nsuluans
avae 1 an3) uwdindnisgydedmindosng
fleng 2 4 8 uay 13 &Uni Lawnn 9 2 ey ved
nsugluasazansuunti@oudas
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2.6 dndrunauildlunisne

dndrunauvoues s uasnounsafild
Tunsinwaded] wenmuaudRdhuse o fidne
Felaun NSUARILUULRIURIBsEIS n15LAn
ASUBTUTRIAEUNTA AUEIUNIUNSUNSNTY
ARDLIAYDIADUNGA  LATAITAIUNIUTALNAVDS
WOSENS uanaFInSI9Tl 3 A9 5

nslidydnualvesdndiunanlun1sdne
Husall cC1 mnefsrounimyudiuudivesauaud
Uszlanil 1 & MC1 vsnefaosidyudiumg
Uasauaususzianil 1 24 MC5 wanefianessns
YuBudesauauduszanil 5 du CC1 5.5Ad
ynefsnouninyudumivedanauduszsiond 1
waslpensiiudy  (Addition)  ansufinidssn
Jeway 5.5 MC1 6.5Re viungflanosainTyudiuud
Uosauausdsziani 1 waulaonisunud
(Replacement) asifiurndsdn Sevaz 6.5 uay
MC1FA30  vanefadasisyudiuudvasauaun

Usznnd 1 wuilidnasssesay 30 Wudy

d' [ 1 €Y 6 P
AN519N 3 ANEIUNANYINBTANSNlUNTNAEEU
ANSUARILUULAILALAITANUNIUTAN A el
ansdmfeTaEnUsEauYinY 0.55

dndunalnounin (niu)
uFud ATV
#| duydnel ‘{h:mn vh i | wiw | th
A1 ds || &n
1 MC1 100 - 275 | 0.55
2 MC5 00| - 275 | 055
3| MCLIFA3D | O.70 0.30 275 | 0.55
4 | MC15.54d | 1.00 0055 | 275 | 0.55
5 | MCI6.54d | 1.00 0065 | 275 | 055
6 | MC17.5ad | 1.00| - - | 0015 | 275 | 0,55
7| MC155Re | 095 | - - | opss | 275 | 0.55
8 | MCl65Re | 0.94 0.065 | 2.75 | 0.55
9 | MC175Re | 0.93| - - | 0015 | 275 | 0.55
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M19199 4 dndrunanvasrounin Ndlunisnaaey
nsinAsvaudy  nglddnsudedanuseanu

Wiy 0.50
i | #ySnval | dndrunsulasbwinvesnsunin 1 gnunAfas
(filandu)
Yudomd | @ | i | wew | e | dh
Uiz 1 | mey | rindadn
1 ccl 393 - - 727 | 1047 | 195
2 CC1FA30 275 118 - 727 1047 | 196
3 CC1 5.5Ad 393 . 22 T27 1047 | 196
4 | cciesnd 393 - 26 727 | 1007 | 196
5 | cci7sad 393 - 30 727 | war | 195
] CC1 5.5Re arz . 22 727 1047 | 196
7 | cci6sRre 368 - 26 727 | 1047 | 196
8 | cc17spe 364 . 30 727 | 1047 | 196

d' U 1 a v
AN5197 5 FrdunaLUaInaunIaNtlunsNegaU
ANUAUNIUNMSWINTueaslsa  neltonsinse
TanUsganuwinu 0.30

| dydinwad Fndunailanhwinvosneunin 1 guAdng
(Ailandi)

yuBud | uf | avidu | ww | Bu | | ew

wsum 1 naw | RS i
1| ca 520 - - 21 | war | 1m | s2
2| cciFaso 364 156 - 121 | war | 15 | sz
3|lccissad | seo 29 121 | war | s | sz
4 | CC1 6.5Ad 520 3 27 LodT 151 5.2
s|ccizsad | sa0 39 27 | war | s | sz
6 | CC155Re 491 29 21 | war | 1m | s2
7| cCl6.5Re 486 34 121 | war | am | sz
B | CC17.5Re a1 = 39 27 1od7 151 5.2

3. naNsANYILazaAUTIENA

3.1 NITNARILUULAIYDINDIANS

U7 5 uansNdNTuSsEinanIvegn
wuueiueguesiiag1enesins  Tngludiu
weininauansiuidssn fnsualu 2 Snwae
e wanlngnsLiianfsl (Addition) wazraulnenis
wuit (Replacement) luyuduusvesauaus
Uszianil 1 $evaz 5.5 6.5 uay 7.5 Tauthwiin
NUIINISNARIUURIIVDINDT AT NANLA 1A
(Seway 30) HAnteunitvesyudiuuileinuaud
Uszianiil 1 81w Aeudhsdniay Viedlins e ufisen
Uoglwaruvendrassviliuesisuluiu ns
aydsnnutuiadululioniudmalvinismad
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ansiiufdasnndnonsiiufuuarlaensumud
fitfosnivesyudumduenuausssiand 1
&1 selenadumszansiiuindesadiluvi
Ufnseninduiuszauylimadniinnuuuy
untu ¥aelRlassadrsvoanadiinnuudaus
1NTY ﬁﬂﬁmsqﬁyﬁammﬁumﬂﬁu STAGER
adramadiunsadalduinty  Sedawalinng
wasnUULAslavoas Tnsaniziiionanly
USinaufisnniu HatmsnzUsinaiunnturesans
Huraesn TevhlilasEdsweananimnuwy
Lazudaussuniy wazdnUlsuifisunosdng
NANASIRLAE RSz nlae s Au iU
Tnonsunudl  98§9nAIINTRAFILUULITUDS
wesgslnensiiufuduunlvuindesnitves
Tnonsunuit seioradullddnnisiduiady
fonsdnthdeTanuszan w/b) tesas (i
WILAY) A9HALANETAISHANLUUNINATY AT
NARIFILOUNT

U7 6 wansNImARILUUL DIB9S
YuBwudosauaudusziani 1 & uedéndua
Haey waruesinnanafiuindedn (hilne

'
[y =

mstiaiuuazlaenisunud) fiene 91 fu By

[

1AYARUDIAINISUAGILUULIAIVDINDIANS A7)
TAnaIuLan

—G— M1
FA— M1 5544
F—DMC1 T5Ad

—8— MC1IFA3D
—e—MC1 6544
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0.08
0.06
0.04
0.02
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fTTHE AL UL

0 10 20 30 40 50 60 70 80 90 100
Frizla ()

) Taen1suiaLRL

w014 —e—MCl —B—MC1FA3D
;;EJ 0,12 —4—f— MC1 5.5Re —— N1 6.5Fe
3 010 —%—MC1 7.5Re 2
= 0.08 =
"5 006
)
& 0.04
= 002
0.00 )
0 10 20 20 40 50 60 70 80 90 100
FrazlI@ (T1)
) IgA1SUNUN
JUN 5 ANUAITUSTENINNITUARILUULIAY
fluogveIfiIRLeNRsANS
016
wx 0,12 4
g 0.08 -
ag 0.04 <
&
E 0.00 - T I T T T T
E —_ = - - ] a L0 LE
] ™ -5 - = = =) =
= %L ow owa M M8
'j 4y K=} — N A= =
8§ o 5 o 8 8 B
= = 5 = = =

[ %

SUN 6 NMINARILUULINYD9AIBE 1910305

191g 91 Fu

3.2 msiinAsuauduvasnaundn

U 7 uanamsifnensuesiuduvessioen
Aoun3n Wiomedsdlutn 7 way 28 Su Tag
U 7n) nsdifhegandyfmensueulasenlud
28 Ju dwuguit 79) nsdldredrandgyie
asuaulneenlen 56 Sunuin MaAamsUaLuTy
VDIADUNIANAULE A8 AN VBIYUTLUIUA
Uodauausussand 1 d1u seimsensunud
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lensenlesd (Ca(OH)) denaliasuaiuduiin
1ty drunisiinAnsusiutuvesneunInHa
asfiuiassalaenisifisiy Saitesninves
JulusiUosauaudussinnil 1 dau fadlorady
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Abstract

One of important factors for increasing palm productivity is an palm residue management. Some
palm tree residues such as palm branch and leaf were always cut to small size and then utilized as a
fertilizer or a hoof food in a rural area. Therefore, a palm chopping method for utilizing a palm residue
was always conducted and developed continuously. This article aimed to select an optimized cutting
blade shape, blade amount, and feed direction for cutting a palm branch by an orbital cutting blade palm
chopping machine. In this experiment, the designed cutting blades that were produced by a specified
condition, were applied for cutting the palm branch using a specified cutting condition. The summarized
results are as follows. The cutting lade that made of carbon steel should not apply the tempering after

the hardening because it affected to decrease hardness and cutting edge wear. The semi-V cutting blade
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showed the higher wear resistance and hardness than that of the V cutting blade and indicated hardness of

481 HV and weight loss of 6.24%. The semi-V cutting blade produced higher and larger palm chopping scrap

than that of the V cutting blade and could produce the scrap of 3878 g at the cutting speed of 1200 rpm.

Increase of the cutting blade amount affected to increase the palm cutting efficiency such as the increase

of scrap amount, the decrease of scrap dimension, and the decrease of operation time. Feed direction that

inclined to the horizontal axis could decrease a friction force and cutting force between the cutting edge

and palm surface and also assisted easily to feed the palm branch.

Keywords: cutting blade, wear, hardness, palm scrap,
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This study investicated determination of physical and thermal properties of herbal compress

ball. These properties are dispensable for studying heat transfer mechanism and process because herbal

compress balls are generally heated by steam before use. Some physical and thermal properties of dried

herbal compress ball were measured and characterized in this study. Some reliable measuring methods of

such properties as well as in-house-made gas expansion pycnometer were developed. Experimental results

showed that significant physical and thermal properties were successfully measured and in-house-built

apparatus could work well with small error (£0.70%). Also, it was obvious that the temperature change in

herbal compress ball was strongly affected by diffusion of steam inside the herbal compress ball and its

thermal conductivity was close to that of woods.

Keywords: Herbal compress ball, physical properties, thermal properties, heat transfer

1. Introduction

Herbal compress ball (HCB) has been
used in Thai culture since historical period.
It composes of many kinds of herb such
as phlai, turmeric, kaffir lime, lemongrass,
tamarind’s leaf, Acacia Concinna’s leaf,
borneol camphor, camphor, etc. [1], gathered
in a piece of cloth wrapped like a small ball
and used for medical purposes such as curing
some diseases, relieving physical pains, muscle
faticue, etc. [2] Nowadays HCB has widely
been exploited in beauty and spa business.
Herbal compress balls have generally been

produced in two types: dried and fresh ones.

Fresh HCB is more beautiful, more aromatic
and cheaper but it can be kept only 1-2
months in refrigerator. In contrast, dried HCB
can be stored longer (12 months) without
crucial degradation but its disadvantages
are less attractive, less aromatic and more
expensive. However, common HCBs sold in
markets are dried type

Before use, a dried HCB is commonly
sprayed with a small amount of water (to
soften it), then heated for 10-15 minutes
with steam by using a steam pot. The action
of heating with steam causes cell wall to

break and herbal substances called active
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ingredients are subsequently released
to exterior. These active ingredients are
important because they contain chemical
substances that possess healing ability. Thus
heat transfer process from steam to the HCB
obviously plays an important role as a key
factor that controls releasing rate of active
ingredients, and consequently healing quality.

Literature review shows that
researches related to HCB are somewhat
available, but majority of them concern
analyzing of active ingredients. Very rare
information on heat transfer in which we
are interested has been found. This present
work is aimed on one hand to determine
some physical and thermal properties of HCB
which are dispensable for investigating heat
transfer process during steaming, and on the
other hand to develop reliable methods of
measurement for some physical and thermal
properties with in-house-made apparatus.
These are steps to undergo prior to deal with

heat transfer problems.

2. Materials

Herbal compress balls, as shown in
Fig. 1, were purchased from Thai Medical
College, Rajamangala University of Technology
Thanyaburi and tested without further
treatment. It composed of phlai, turmeric,
zedoary, Acorus Calamus, wild turmeric, kaffir
lime, lemongrass, tamarind’s leaf, Acacia
Concinna’s |eaf, borneol camphor, and
camphor. HCB consists of two parts: bulb and

handle. The herbal particles are in the bulb

only.
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Fig.1 Herbal compress ball

3. Methods of measurement and apparatus

3.1 Mean diameter

Foods and grains have normally non-
geometric shape. Therefore their sizes are
usually reported in geometric mean diameter
(GMD). Mohsenin [3] proposed to use 3 lengths
measured in 3 different axes (length, width
and thickness) in determining GMD of plants
and animal materials. However, since HCB
has a ball-like shape, it is better to represent
the average diameter by using 4 diameters
measured at 4 different angles (0, 45, 90 and

135° from horizontal line) as written in Eq. (1),

1/4

GMD = (ABCD) (1)

where A, B, C and D are diameters measured
at 0, 45, 90 and 135° respectively. A Vernier
caliper (Always) was used to measure all

HCB’s diameters.

3.2 Density and void fraction

Density of a material is defined as a
ratio between its mass and volume occupied
by that mass. To determine the density,

one must know the volume of the object



being measured. Since the HCB is made by
wrapping small pieces of herbs with a cloth
as a bulb, it contains void in its bulb and
thus 2 types of density can be measured:
true and bulk density. The bulk volume was
obtained by using GMD with an assumption of
spherical shape of the bulb. The true volume
of solid was measured by using a method
of gas displacement [4, 5, 6]. The device is
called “gas expansion pycnometer”. An in-
house-built pycnometer, as shown in Fig.
2, composed of 2 cylindrical stainless-steel
vessels of known volume, one was empty and
the other contained HCB sample. They were
connected with a ball valve at the lower part
of the vessels. In the experiment the empty
vessel was filled with dry compressed air to
a pre-determined pressure while the other
was at atmospheric pressure. After that the

connection valve was open and the pressures

Thermocouple

Pressure
cauce

Fig. 2 In-house-made gas expansion

pycnometer

in both vessels were allowed to equalize.
The final pressure was recorded and the true
volume of the sample was then determined

by using Eq. (2),

A
V.=V+W|l- Pg 2
2
Where
V. was true volume of sample
V.,V were spatial volume of vessel 1 and 2

respectively
was gauge pressure of vessel 1 and
was final gauge pressure of both

fe
vessels.

A type K thermocouple and a pressure
gauge were installed at vessel 1 to measure
system temperature and pressure.

Eq. (2) was particularly derived for
the case of which the sample was placed in
a non-pressurized vessel. This equation was
modified from the equation of Tamari [7] for
which the sample was put in the pressurized
vessel.

Once the true volume was
determined, the true density (p) of HCB was

then calculated by using Eq. (3).
3)

For the bulk density (p,), it was obtained by
employing Eq. (4) [8]

M

- M 4
(n/6)(GMD)’ “

P

Once p and p, were known, the

void fraction of HCB could be determined
by employing a relation shown in Eq. (5)

_Kzl Py
Vi P

e=1 (%)
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3.3 Sphericity

Sphericity (¢,) is a parameter that
describes how similar to a sphere an object
is. Therefore a sphere will have the sphericity
of 1. Mohsenin [3] proposed relation between
sphericity and GMD as shown in the following

equation:
13

_ (4BC)
o, = —q 6)

Where A, B and C were length, width and
thickness of material respectively. With little
modification, we proposed an equation for
determining of HCB to be:

o = GMD
S longest diameter

(7)

3.4 Moisture content
Dried HCB has
content. In Thai community product standard
176/2553 [9], it must not be greater than 14%

on wet basis. Many standard methods for

some moisture

moisture content determination are available.
In this work AOAC 925.10 [10] was employed.
Sample (HCB) was placed in an oven, in which
the temperature was controlled at 120°C, for
2 hours. The moisture content (wet basis) was
determined by the difference between the
weight of sample before and after drying in
the oven as written in Eqg. (8).

e =W 100%
—Tix (1)

(8)
3.5 Heat capacity
Heat capacity (c,) is one of the most
important thermal properties of a material.
It explains how much heat must be applied

to an object of a unit mass to raise its
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temperature by 1 degree. Several methods
for determining ¢, exist. One of the most
convenient methods is “Differential Scanning
Calorimetry” (DSC). In the present work, the
Perkin Elmer, USA model DSC 8000 was used
to determine ¢, of HCB sample. The HCB had
to be unwrapped and the herbal content was
transferred into a cutting machine in which the
herbal content would be reduced into small
particles. The particles then were packed in a
sample pan and placed in the DSC in order to
perform C, measurement with an empty pan

as reference.

3.6 Thermal conductivity

Thermal conductivity (k) of a material
is a property that indicates how fast a material
can conduct heat across itself. Materials of
high thermal conductivity have higher rate of
heat transfer by conduction than those of low
thermal conductivity. Direct measurement
of HCB’s thermal conductivity is difficult to
perform because HCB is a mixture of several
kinds of herb particles. In the present work,
indirect method was attempted by wrapping
the HCB with a plastic film and heating it
in a steam pot. In this case no steam was
allowed to diffuse into the bulb of the HCB,
consequently heat was carried from the
surface to the center of HCB by conduction

alone.



Type K thermocouples

Screen

Herbal
compress

Fig. 3 Experimental setup

Fig. 3 shows the experimental setup.
It composed of 2-chamber steam pot with a
lid. Water was filled in the lower chamber to
produce steam by using electric heater (220V.
1,300 Watts) and the HCB was placed on the
screen located in the upper chamber. Four
type K thermocouples were mounted through
the lid, three of them were situated at the
surface (under the cloth), at half the radius
(R/2) and at the center of HCB. The last one
was at the spatial room of the upper chamber
to measure steam temperature. The four
temperatures were recorded during steaming
process until all temperatures were constant
at their maximum values. The phenomena
occurred in this system were the case of
unsteady state conduction problem under
conditions of negligible surface resistance
(Bi>>0.1). In this case and for one-dimensional
heat flow, the solution for the temperature

history has to follow Fourier equation [11],

2
%—? —qd L 7; (9)

ox

with the initial and boundary conditions
T:To(x) at t=0 for 0<x<L
T=T; at x=0 for t>0

and

T=T; at x=L for t>0

Where L is thickness/2. For the case in which
the conducting object has a uniform initial
temperature, solving of Eqg. (9) gives the

following solution

T-T 4

0

T-T. m

oo . nTm —(nrc/2)2Fo
anlsm(Tx)e (10)

where n=1, 3, 5...

The central history as well as at the surface
and at midpoint of the plane wall, infinite
cylinder, and sphere are presented in the
form of Heissler charts as shown in Fig. 4 [11]
allowing graphical method problem solving.
The charts have four parameters, as shown
in table 1: with unaccomplished change (Y)
on the y-axis, the relative time (X) on the
x-axis and the last two terms (n and m) as
selectable parameters. For radial-direction
heat transfer in a sphere, the characteristic
length x becomes any radius r and x; is the
radius R of the sphere.

To solve such kind of problem, it is
necessary to know the convective heat
transfer coefficient (h). Ainong [12] compared
methods of determining heat transfer
coefficients over moist food materials and
proposed a following equation allowing

prediction of h,
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Fig. 4 Central temperature history of a

sphere with initial uniform temperature [11]

Table 1 Symbols for unsteady-state chart

Parameter Heat
symbol | conduction
Unaccom- y I.-T
T.-T,
plished
change,
(a dimen-
sionless ratio)
Relative time X or
Xy
Relative position n %1
k
Relative m 3
resistance
3 2 0.25
k ph
h—0.594] -/ P10 L
My (T,-T)"

where k, was thermal conductivity of steam,
p, density, p,viscosity and hy, latent heat
of vaporization of steam respectively, T,
ambient (steam) temperature and T, surface
temperature. Eq. (11), obtained by Inverse
Calculation Method, was originally developed
for steam cooking of surimi paste, packed on
an insulated stainless-steel tray, with uniform

initial temperature of 12-14°C in a steam
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chamber using saturated steam at 100°C
and 1 atm as the heating medium. One-
dimensional heat conduction was assumed
for heat transfer in surimi paste. Eq. (11) relates
heat transfer coefficient (h) with thermal
properties of the steam and the temperature
difference between the ambient and the
surface, no characteristic length appears
in the equation. This provides simplicity in

estimating heat transfer coefficient (h).

4. Results and Discussions

4.1 Mean diameter, sphericity, density
and void fraction

The gas expansion pycnometer was
first calibrated with a sample of known volume
(@ cube of wood of 7.70x7.85x7.60 mm). It
was found that the volume determined by
the pycnometer was 462.593 cm® while the
true volume was 459.382 cm’ which gave an
error of £0.70%.

Geometric mean diameter (GMD), true
and bulk density, void fraction and sphericity
of HCB tested in experiments are shown in
table 2.

Table 2 Geometric mean diameter (GMD), true
and bulk density, void fraction and sphericity

of herbal compress ball

no. | GMD p Pn € ,

(mm) | (ke/m?) | (kg/m?) )
1 18376 946.84 | 627 |0.338]0.888
2 [87.09| na. n.a. n.a. | 0.897
3 187.67| n.a. n.a. n.a. | 0.887
4 (8927 n.a. n.a. n.a. | 0.881
5 | 87.45 n.a. n.a. n.a. | 0.945




It was seen that the HCBs used
were almost round, like a sphere. They had
sphericity in the range of 0.881-0.945. The
true and bulk density of sample no.l had
extendedly been determined. The results
implied that HCB tested was moderately
packed and sufficient room was provided
for steam to diffuse through the HCB’s bulb,
helping for heat transfer rate to increase

significantly.

4.2 Moisture content

The moisture content (wet basis)
obtained after 2 hours of drying in an oven
at 120°C (AOAC 925.10 method) was 6.78%
which was within the standard value of 14%.
Moreover, we had continued to further dry
the HCB sample until nearly constant weight
was attained and a result of 12.57% was
obtained which was still in the limit of the
standard value. The additional weight loss
was probably due to loss of some volatiles
remained in the sample.

4.3 Heat capacity

The experimental result of DSC for

HCB sample was shown in Fig. 5.

50
= Area = 805.051 mJ
==
% + o DeltaH = 78.1603 J/¢g
:Q;_ 30 Peak = 80.75C
S AN
o
5 20 —— sl
= — s
8]
o 10
o
£ 0

120 129.9

60 70 80 90 100 110

Temperature (°C)

57.96

Fig. 5 DSC result: heat flow vs.
temperature of HCB

It cave heat capacity of 1.1798 kJ/kg-oC for

the scanning temperature range of 60-130°C.

4.4 Thermal conductivity

The change of 4 temperatures
recorded during steaming process with
wrapped HCB is shown in Fig. 6 and Fig. 7
shows the temperature change of bear HCB.
As one could see, all temperatures increased
from their initial temperatures to a maximum
value which was close to steam temperature
as time passed. The surface temperature
started to rise first, then the temperature at
R/2 and the central temperature was the last
one. In both cases (wrapped and bear) the
surface temperatures had already reached
their maximum temperatures while the central
temperatures still remained at their initial
temperatures. At the end all temperatures
stayed constant at their maximum values.
The time needed for central temperature to
reach its maximum value for bear HCB was 11
minutes, while for wrapped HCB it required 32
minutes. We could say that the heat transfer
rate was nearly 3 times higher for bear HCB
than that of wrapped HCB. It was certainly
due to heat transfer by steam diffusion inside
the bulb. Also it should be noted that some
values of T, T, and T were slightly higher than
steam temperature (Ta); this was probably

due to instrumental error.
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Fig. 6 Change of temperatures during steaming
of wrapped HCB (Tazsteam, T =surface, T =R/2
and T =center) (dp=0.0917 m, p,= 493.67 kg/
m’, c=1179.8 J/kgK)
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Fig. 7 Change of temperatures during steaming
of bare HCB (Tazsteam, T3=surface, TZ:R/Z
and T =center) (dp=0.0941 m)

To determine thermal conductivity
(k) of HCB, the data for the case of wrapped
HCB and the Heissler chart were used. To
solve the problem, we needed to know heat
transfer coefficient (h), from ambient steam
to the HCB’s surface, in the relative resistance
parameter (m) and h could be calculated by
using Eq. (11). Fig. 8 showed the values of h
calculated and surface temperature (TB) of

HCB sample as a function of time. Consistently

iVl 01Sa1SIADNSSUANENS S1BUVAASTYUS

with Eq. (11) the values of h increased with

increasing in surface temperature (T ).

_150 -
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O B I ]

20 40

time (min)

Fig. 8 h calculated and surface temperature

(T,) of HCB sample vs. time

By selecting the central point of the
bulb, the relative position (n) became 0. The
solving procedure was trial and error method
with the following steps:

- Calculate V.

- Assume m.

- For n =0, read X which corresponded
to the intersection between Y and m values.

- Knowing X then k could be calculated.

- Check whether k calculated gave the
same m as assumed (if not the case, assume
new value of m and redo solving).

In order to be able to calculate h by
using Heissler chart and Eq. (11) we chose to
investigate the value of central temperature
between 10 to 31 minutes which were
correspondent to the temperature range of
84-93°C for the reason that during this time
the steam temperature (7,) had already
reached 100°C and stayed constantly at
this value. The thermal conductivity (k) of



HCB obtained was 0.256-0.449 W/m-K in the
temperature range selected (84-93°C). These
values of k gave Bi in the range of 1.23 to 2.15
which satisfled the condition of negligible

surface resistance (Bi >> 0.1).

5. Conclusions

The experimental results obtained can
be drawn for the following conclusion:

1. Important  physical and thermal
properties of herbal compress ball were
successfully determined in this work.

2. True volume of HCB can be reliably
determined by a gas expansion pycnometer
built in our laboratory.

3. Diffusion of steam plays an important
role in increasing temperature of HCB during
steaming, it makes increasing the heating rate
to be 3 times faster.

4. The thermal conductivity (k) of HCB
obtained in the range of 84-93°C is about
0.256-0.449 W/m-K which is close to that of
woods (k~0.04-0.21 W/m-K, across grain) [13].

Though successful results, direct mea-
surement method of k should be perform
in the next step in order to validate the
values above. Also, it will be very interesting
to compare heat transfer phenomena with a

mathematic simulation.
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Nomenclature

A B, C, D Diameter at 0, 45, 90 and 135°
respectively or distance (m)

c. Heat capacity (kJ/kg-°C, J/kg-K)

Diameter of particle (m)

Av]

h  Convective heat transfer coefficient
(W/m?K)

k  Thermal conductivity (W/m-K)

Thickness/2 (m)

Mass (kg)

Moisture content (%)

T X~
=

Pressure (atm)

Radius (m)

Time (min)

Temperature (°C)

Volume (m?)

Weight (kg)

Any radius or distance (m)

Radius of a sphere (m)

Thermal diffusivity = kp/C_ (m?/s)
Void fraction (-)

Q.x X =S < o = »®» T

m

Sphericity (-)
Density (ke/m’)

Dimensionless parameters
Bi  Biot number (hV/A)/k (-)
Fo Fourier number (OLt/(V/A)) (-)

Index

1, 2 Vessel number 1 and 2 respectively
b Bulk

f  Final or fluid

¢  Gauge

i Initial

s Sample
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Abstract

This research aims to study the types of risks that occur in the supply chain of plastic injection
molding parts. In general, the risk consists of internal and external risks, whereby the risk is classified into
six types : demand risk manufacturing risk, supply risk, information risk, transportation risk and financial risk.
Entrepreneurs were required to evaluate the competitiveness of enterprise. This research was analyzed by
AHP technique to identified the relationship of risk catagories and SCOR model topic in major and minor
criteria to determine the important weight of each type risks. After that, IE technique were applied to
solve the problems and monitor the results after improvement in orders to compare with competiveness
indicators. The research found the top three critical type of risks effect on the factory operation were defect

from production process, unaccuracy forecasting and average inventory cycle time.

Keywords: Supply Chain Operation Reference (SCOR) Analytic Hierarchy Process (AHP) Supply Chain Risk
Management (SCRM)
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