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fields. The authors and reviewers will not know each other's contact information. The high quality-
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board will verify and proofread the articles before online publishing and printing out all in the journal for
further publication.

In addition, the research and academic works published in this journal are considered as the
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Impact of Mining Industry on Agricultural Land Degradation from
Heavy Metal Contamination and Health Risk Assessment of

Rice Crops in Contaminated Paddy Fields
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Abstract: Heavy metal contamination in agricultural soils nearby the old mining industries has
threatened food safety for human health. This research aimed to develop a new methodology for soil
pollution assessment of individual and holistic agricultural areas. Geochemical index of heavy metals
including As, Cd, Cu, Pb, and Zn, in selected paddy fields was evaluated together with health risk
assessment of those heavy metals in rice grains. The results showed that soil in the studied areas was
contaminated with As, Cd, Pb, and Zn. Rice harvested from 6 out of 11 paddy fields, corresponding to
55%, employed health risk at a high level. Multivariate analysis indicated that anthropogenic activity was
a major source of soil pollution in a highly contaminated area. The classification of paddy fields based
on potential ecological risk index (RI) was found to be related to the health risk assessment of As and
Cd contaminating in rice grains. It was concluded that the proposed soil pollution assessment method
was efficiently used to identify suitable agricultural areas in heavy metal contaminated zones adjacent to

the old mining industries for safe rice crops.

Keywords: Geo-accumulation index; Health risk assessment; Heavy metals; Soil pollution
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Auinwasnssudunansznuesgisdetitoses
qma’mﬂﬁumﬁawjﬁdwani:ﬂwiamw
ﬂaa@m‘“ﬂﬂuaammma:daNmﬁmiaqmmwmau
ugwﬁua:?dumﬁaw maedoudropaslanswiin
NN g UUN T M TRINAG oM TEEEN Lany
winludsdF3aanmatenaaauaslsenvng [1]
TaovialuTanznin 1o §1I%Y (As) uAaidow
(Cd) Nasuas (Cu) A=ia (Pb) UasFINZE (Zn) Wu
Tusninsssumdveslasnlanlulsanmisina
atndlsAanuluiuifidnmssuninanfanssues
Mgﬂﬂ‘ LT meqmm%mmmﬁadm’ LLazﬁuﬂ
A8AIBIINIININIINEAINIINTNNLTYAINT
Ywieuvosnaiwasnsnazanlududolsunma
qawﬁalﬁﬁ@ﬁqjmﬁmﬁlaLLma"au [1-3]

Tumstlsaduszeumatwiianwlansninlui
Sinaimsdsadunansdd @w anevinTaeay
159556 (Geo-accumulation Index, Igeo) lans
Wisuifisuanugutuseslansninfiansny
Tavewinlugnnsssumavasiui [2] difass
MIaLaNaIadlareninludn (Enrichment Factor,

4 o o ' a o A
EFS) sﬁﬂﬂqu')m"ﬂf]ﬂa@’]i']ﬁquﬂiuﬁlmiﬂﬂzﬁuﬂﬁ

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.001

dnsnudSuimlancninlugnwsysusfues
A [3] anaaIuNMIUIpUBUALAINNIAITIN
YBIAW LTY mmgmqmmwﬁﬂuﬁuﬁm‘wmmaq
wqukﬂﬁﬁmuﬂﬂ%mm Cd Cu Pb uaz Zn 1u
dn ldifin 3, 140, 100 WAz 300 mg/kg ANANAL
[4] mumm‘sﬂm‘ﬁaﬂuw§@1°1°J’nmimummgm
299 Codex F9rinwua As uaz Cd laithin 0.2 uas
0.4 mg/kg @NNRAU [5] lumm:ﬁmmmgmmi
ﬂuﬁau’tumﬁa%ammmmmgm*‘uaaﬂ‘s:mﬂ
FUd MU As Cd Cu Pb uaz Zn mvinaiiean luuin
0.15, 0.2, 10, 0.2 W&z 50 mg/ kg ATN&1AU [4]
wonanit nsdszidnszauuaiwludude
MIANHIANNFNN BT T=RINIUT I amlanensinlu
AULaRTTITMIANINNAND3T 1T AFNRUS
i:%i'lﬂavswﬁfnﬁaglugﬂ‘ﬁ'uamﬂﬁﬂu"l,@i”
(Exchangeable) gﬂ‘ﬁ'a:mﬁﬁn (Soluble) WazN3
gzanlanzninluNsasanaunsdsziinarniny
LHDITINTIURUAFLANE NN INGY LazaINNT
v3lna 11 wazemns Wudu [2] adnslsfianuns
UsziiuasnarnduiioanisusaidndSunmlans
wirnlndnvosf winUuidawiviniw 598164
nsenEInu IR uEvaIntsuieulans
GN8N I UHANA AT D19 FINANTENUAAINY
ﬂaa@]ﬁ'waag‘{”u’%lm Fanmsanmainisdsein
annnsUwionlansninluiuinlaswiann
AU FUR BV BIASTRALAZANAINNLEIGD
gmﬂﬁwmaawawﬁmﬁmﬁamsﬂ”@Lﬁaﬂﬁ?uﬁﬁ
Lmnmwﬁm%"ummﬁ@mmsﬁﬂaa@ﬁ'ﬂﬂhﬁﬂ’aga
sl MIdnEniserinmTlsduuaie

N19awINNIIUBId aulareninNA AU FUN KT
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AuanuFsIdegunIwaInnsuilnatdnn laod
'S'mqﬂszaaﬁl,ﬂ‘aw”@umizuumsmnaauﬁwfﬁa
& A A A

NUNUUUTSLURINa U TLL U BAMN AN ISRUV DS
mslruszlosiudasmlumatuindosdatlyn
msdwonlanzninainasisdslusinann

ﬁaaglflﬂé?ﬁ’uqmm%nﬁmwﬁaaLLﬁim'ﬁ
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3. 9N MIenEEuAlasfadonulaswama
AuAindadas 25 A13190AT $193% 11 w9
@hLLﬁ@NIuEﬂﬁI 1 inrguaadsdniazdng
(Oryza sativa L.) #2835 Random 1%@115%‘16’3&
2310 1 x 1 10a3 Wadas 5 91 seragawia
FrddenlUithiaiesdins udiwietnasll

AULAZUA WRITOUHIBAZUNTNIUIN 1 UN. LAY

2. 25NMIANRITRIAY
& 4 &€ o et UINANEANLITIIAIBENS FIuAIaENIA
2.1 w%ﬂﬁﬂﬂqllazﬂﬁilﬂﬂm'})a 13 de o o A" . 1 .
X A @ X A A A v X A NGIV\LLWGV]E’]M%ﬂNWEN (Ail" Dried) UALRITDUNIW
Wuﬂﬂﬂﬁﬂ'ﬁLﬂuW%VILﬂH@]iﬂNTﬂ‘]JL‘ll(ﬂlﬂ@‘W%‘Y] 4 4
P Lo A & \ & 4 . ALLNIIVUIA 2 V. LA 0.07 V. [2, 6-7]
LANDILIRINESRLNN magluwu‘maa 2.LIRDA
451000 454000 440000 463000 466000
g Az §
3 A -
RS
§ (R RRTIRPEY g
—§_ .. ANIEIIRHINAR —g—
3 4 2
% e
g ) -
g ,/4’.;‘/’0,?'“7"“ g
: " :
3 N ° or0 3
u@. RIl .
A Ain
;'% o 12 b s : %
Kilomcters
g . Do . : 1§
= 451000 454000 457000 260000 63000 66000 =
wilns  Whagimaad as .
nes (dua)
(site) X Y
R1 456353 1846603 WSETIRHLAD
R2 454933 1846100 usiman
R3 455664 1845036 usiena Fuanunl
R4 458278 1845763 WSEFIRHMAS v .
R6 458679 1845907 WSITUGHMAS [T R
R6 456720 1844282 wiiena T AuRdnw
R7T 457225 1842027 WSEMWWAS  mmmn  Adhimflasusiin
R& 458563 1842859 WRETIRHMAS
R9 459178 1839876 IL&iq
R10 459649 1839485 IL&iQ
R11 458137 1838085 qu
q' & A= Aac A& A& o .
Eﬂ‘n 1 WuﬂﬁﬂﬂqLLazv\lﬂ(ﬂﬂ@NLLﬂﬂﬂ%’]ﬂLﬂU@naUqﬂ
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2.2 ANUANILARNUATNISNTNVDIAK
MR FVLANIIATURZNEATNYBIAY
19tsrnsresiniiinadanisedondiovaslans
nunludulasguianandan loun dranunsa-
@19UBIAW (pH) BATEIW 1:1 YoIfud0tin (A%
10 n5u lud1nsas 10 Ja8aay) [8] UTumh
Bun3uinglu@u (Soil Organic Matter; SOM ) lag
3% Walkley and Black [9] ANANNEINTD AT
LLaﬂLﬂsﬂuﬁJi:i}‘u’m (Cation Exchange Capacity;
CEC) 51a312% @35 Ammonium Acetate [10]
LRZFIWRNUANII N EATNARILATIZA NTNTENE

muwwmaam&mﬂﬁuﬁm’?ﬁﬂm@ﬁ [6-7]

2.3 mMangidsualanenninluanuazivy
msesrUsualanzninluduvinlasns
HOURANAI0H19GW NN 0.2 + 0.0001 N3Y
#18n38 HNO,HCI (3:1) lasadaslalasianany
5% US.EPA. 3051A [11] &3%N133tAI12% lans
winludeg19t77 vlasnstawiatnauauts
WHN 1+ 0.0001 N34 HRURAILA2BL19TIIAE
n3@ HNO, HCIO, (2:1) 1@y Block Digestion
technique [12] uazl1aUSu1mh Cd Cu Pb uaz
Zn 19981382810 IR NG s AN BR8N A LAS
LWaAT1I8LA389 ICP-OES (Inductively Coupled
Plasma-optical Emission) LLa ¢ TadIurmaaiw
Watuuas As lug1sazarsaradisdaoiaias
HG-AAS (Hydride Generation Atomic Absorption
Spectrophotometer) N1IAIUANAWATNNENTT
JanziarunsUsziinan Detection Limit 18935
nagay (197U As Cd Cu Pb uaz Zn) Usziiin

ANNYNEDY (Accuracy) MM ILABLNUENIE989
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(CRM) lanein % Recovery atluti3 80 - 110 uaz
UsziiuauLned (Precision) #a8nINagausi

lasfANULANGNIFUWNT (RPD) staenin 10%

2.4n1329NUULLDUNALATY

mMyvssiinszauuansludumsasini sz
VB3 (Geo-accumulation Index, Igeo) 2a4lane
win MlagnsSouifsuanuitutusedlans
winfigasnmsansnulansninluanwsssuoa
MIRWIUANATRNNIFZENLBITI ATUFNNITVEY
Muller 6380137 (1)

Igeo =1 z(C") 1
geo = log 158, (1)

laoii C, AeuSurmlanzniinludiodnofu;
B, fAaUSuaulansnunluaninsisué lasdn
B, lun1sdnmitldananuanududusaalans
Win@sUsznaudae Cd 0.3 mglkg, Cu 45 mg/kg,
Pb 20 mg/kg, Zn 95 mg/kg LLa e As 1.8 mg/kg
[6,7] §udn 1.5 AadrnsfiasTasansutlufls
WaaaranIenUsasmMaUasuudasassauds e
FrfimIszauEessdaunsoudadu 7 seau aoil
556Ut 1 (Igeo < 0) Wuszaufldfnsdwdau
20U 2 (0< Igeo<t) iuszeuilidnstuiion
andeszaufidnisvwidentunans s2eud 3
(1< Igeo< 2) Tauidmstwdlanthunans sweud 4
(2< Igeo<3) 1uszaviid myvwdantmnansaud
i:@”ﬂﬁﬁﬂﬁsﬂuLﬁaugo 526UM 5 (3 <igeo<d) 1{ln
s:@“’uﬁﬁmsﬂmﬁauga 526UM 6 (4< Igeo <5) 1w
im”uﬁﬁmiﬂmﬁaugo aufisrauifimawian
GREVl) WazITAUT 7 (Igeo > 5) tluszauindnig

1Jaud] OUFIN
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2.5 7998N1TAANAIVDILANZHRIE NI A W
(Enrichment Factor, EF)
NIFERNAIVDILanenin bdn Uszidnainen
@ I o A A o
T99NIIRERNAIVI AR AN I UA® FIA1UI
o , a o AR o a
noaaInUSuimlarenininanenulsuno
Tanznunluiuiinu g [3] Jadunnsasaualved
Tanerinludu dAwislaauaunin (2)
2 A9 0 & o« v a A =
nsansilfinanidusgdsdatiasnndu
a g A A '
srgrfianiinwuuinlufanlan dn
(Co/Cre)sampie bDHEATIRINVBIAMNLTNT UV B
lanzwinddnsnumqundnludied1adu uazdd
(Bo/Bro)baskgroun IHEATNEIUVBIAMMITUT U A%
winAdnsAUTIqManluanIWTITN TG Tag
WSsusunuangsdivaslanennnludwiaas
[13] WRZI BN TWYIANITITUNIIRERUA VD
TanerunluduiiolivandninavesnanIsy
upmddanisazanvaslanzninludu wadu s
JeaU a9t 52auf 1 (EF< 2) iuszaunldlasu
A A = v A A o o A
antwaandslasudninatas JzaUN 2 (2<EF<5)
o dv e A A « 4
Wuszaun lasudntwatunans 32aUN 3 (5<
EF< 20) Lﬂm:@”uﬁvlﬁ%'uﬁﬂ%wago AUN 4 (20<
EF< 40) Lﬂusm”uﬁvl@i”guﬁwﬁwagamﬂLmzi:éfuﬁ

5 (EF> 40) Lﬂm:@”uﬁvléﬁ'uﬁﬂ%waama?mm

2.6 aiTesansiluitian (CF) @A alLd8anIg
B (E) waznisusziinananitanuids s
DYRY | (Potential Ecological Risk Index, RI)
ArTasunistuion (Contamination Factor,
CF) 1udanaurznitsanudutulanzwiinly
drag1ddunuatdSurmlansninlugniw

TITNTI@ (Background) U1 m@NFNNITUD
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(“/e,.)
(*/s,.)

Hakason @4&un139 (3) A1 E, tduarauiies

Sample

EF =

)

Background

N19BLIA A IBIHAINFUNIIDDI Hakason
o a A = ' '

aIgun1IN (4) lasd T, 1duA1aauanaddann
WuRsaaslanzwiin (Toxic Response of the
Heavy Metal) @4% As=10, Cd=30, Cu=5, Pb=5
waz Zn=1 [2] AnsanaNNdunsueslanzrin
AaANULREINI9RNG dsziluanuauni1taiasih

AMULFLINIRING AIFNNITN (5)

CF = Cmetal 3)
Cbackground
E; = T; x CF; 4)
n
RI= YF, 5)
i=1

AaTRALEDIN9I wDszaudn 4
seov laurisedud 1 anuLdsadn (RI < 150) s2au
# 2 AruLEBILIwNaNg (150< RI<300) T2AU7 3
AINLFEIFS (300< RI<600) UAZIEUR 4 AW
{Fe9gaunn (RI > 600)

~

2.7 mssmfindasaiidenadamsiwilanlans
Wik luan
SiasdTasunstniloulanswindaonis
Tessdeleaianatealuds (Multivariate
Analysis) LazlUIo Ui o uANUFNNUSALAT EF
LAz @1 Igeo NN33LATIERTASBAFINRADNT

Unidaulanzninludulaslddizgdfnisdazw
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aeAdsznaunan (Principal Components Analysis;
PCA) Niimmyuunuuuuaalslnuaadinizuas-
L (Varimax Rotation) LAENIBFOUNANLAN

MNMTUATIERNGY (Cluster analysis; CA) [6]

2.8 nMsisziinanatdgsannnisuslaazin
= & PN A
mMyantdun1U szl nanuiReI2098T 10
navlinanzSednsulansnin lagnmsdszsiinen

q

AMNLFES (Risk) UFNN1IT ()

CDI

RFD (6)

Hazard Quotient (HQ) =

Tag HQ>1 nangaudn sowmsoins Ywiew
vaslansninsiaing Aoudnauussananaidu
OUATIUADFYNINEWINBVDIUTET1TY 6 RMD
(Reference Dose) ﬁaﬂ‘%mmm‘smﬁﬁwwwﬁ
sanInsudngienelanniu laghirildiAa
anufadndle g dagunINewIAL wI0A1N2N
WnwAwvasansilivinlWiAansss (mg kg day™)
lag@n R U89 As Cd CuPb zn dauiu
0.0004, 0.001, 0.04, 0.004 8z 0.3 muﬁm"’um]
@1 CDI (Chronic Daily Intake) g d1U3u1 a7
wasfldsulundssinagnsdaiilas (mg kg'day™)
lasUSu1mn1s T URUARATWIUANNINNT
USEPA 638um3fi (7)
mg CF XIR X EF X ED

) = )

DI
CDI(C BW x AT

kg — day

Tagien CF Aonnudutuvaslanzminlwaia
417 (mg kg') @1 EF (Exposure Frequency) A8
audvasnslasulusey 11 ludidiwuedu
365 1u/1 (day-year") 1ED (Exposure Period)
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fosrundflasums rmualiiviny 6o Jasaa
729871 6N BW (Body Weight) Aadwindads
fMAuAlALYINAL 60 kg UWAzF AT (Average Time)
ﬁaa‘hmui’uﬂ%wﬂma@mqm"’m (Day) uazén IR
(Ingestion Rate) Aa 8a31N1TUTIAAT I VRIAY
Ine vy 0.23 kg AeAudaT® Usziiuandn
HATINANULEDITINVEI anznin (Total HQ) Ie
FIRUMN (8)

Total HQ = Z HQ; ®)

Tagf HQ, ndenudssruvesanmsiulans
#N As Cd Cu Pb Waz Zn Liﬁijsf’mmmhum'i
u5lnAT17 @1 Total HQ ¥1ANTT 1 LEAIAIAINN
Lﬁlmsl,mz@“uﬁmmflué'umwU@iaq"umwamﬁwaa

Qu’%‘[na
3. HaN13BUArNITanUINLNA

3.1 aNan2 lvasawlwAunineas

ANIIATTRA VU AN M Ve 9Ia UATIVRBUINN

wa A Ao oA & 4

AuFuTAAnIILLMIINAARaNNINAUNLN AT
1% 11 wias laomsiAuaiegsduulasas 5 ©1
WUIENUAAY bawA gnwanudunsadsvasfn
(pH) Aeinvzning 6.3 111 8.3 YTumBuniviaglu
@ (SOM) 3za U984 (6.1-35.5 ghkg) lunmuefian
mwmmsnlummanLﬂﬁuuﬂsxgmﬂmaqﬁu
(CEC) ﬁmmuﬂm\iﬁdgﬂ@ﬂﬁmszmw 12.2 -
28.8 cmol/kg LaRINTMINUANIINIATWNLIN
¥ A _ . D e A .
1hafdw (Soil texture) #awlwal i udnsaw sniin
wlad 4R waz 5R Ludwniiodnas wlas R1 was
R6 (dudAusinniten @1719n 1)
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dl Qi a Q g e a
AN 1 JFULAY QGWHELHLL‘]JE\]\‘]W] wazans NI E’J%Iﬂ%t%%ﬂl%ﬂ%

— AiadgvaIENLn A"

AR
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11

1. andianwniall
pH 7.6+0.1 6.7¢14 7.5+0.2 7.3x0.2 7.6+01 7.5¢0.1 8.0+0.1 8.3+0.1 7.5+0.1 6.3t0.2 7.8+0.2
OM (g /kg) 6.1£1.0 22.848.1 10.6+0.7 16.2+1.0 22.2+2.2 20.6+1.1 35.5+1.0 18.3%3.7 9.1+1.1 19.6+1.1 20.1+3.4
CEC (cmol/kg) 19.840.7 16.8+1.3 12.240.7 27.0+0.6 28.8+4.8 22.8+1.0 16.3%+1.8 17.3+1.3 13.7£1.3 13.2+1.1 12.8+2.6
Sand (%) 441%0.4 37.542.3 42.3:0.7 25.0+0.9 25.0+0.1 30.6+1.3 32.0+1.9 48.840.5 46.4+23 51.9+0.4 41.7+0.9
Silt (%) 23.2+2.1 37.8+1.5 34.5+0.5 30.5+1.6 33.240.7 33.7+3.2 46.9+2.4 31.6+0.6 32.0+1.1 31.8+0.6 33.7+0.6
Clay (%) 32.7+2.0 24.7+1.6 23.2+1.0 44.5+2.0 41.840.8 35.8+3.4 21.1+1.0 19.6+0.9 21.6+2.2 16.3+0.8 24.6+0.8
Soil texture” CL L L C c CL L L L L L

2. anuudwlanenibnluAn (mg/kg)

As 6.1£0.3 19.1+1.4 157¥1.4 51206 26+0.6 22.9+5.0 25.9+3.7 17.7¢29 51416 1.7¢0.5 0.520.1
Cd 0.940.2 1.0+0.0 2.5+0.1 2.8+0.6 1.2+0.2 3.0¢0.5 39.1#4.1 13.320.6 1.4+0.5 0.6+0.1 0.6%0.0
Cu 8.7+0.5 17.0£1.8 14.7+x1.3 24.842.3 25.3+2.1 22.1+1.8 23.5%2.8 12.8+0.9 13.6+1.7 12.7+1.7 13.2%1.7
Pb 20.0£3.3 19.6+2.3 20.0+0.6 30.2+2.1 29.5+2.4 31.6+2.1 114479 31.8#3.5 13.8#1.1 11.8+1.1 13.9%0.8
Zn 40.845.8 73.6+4.1 189+7.9 74.6+6.8 49.249.0 139+22.4 3,014+76 413+30 133428 39.4+3.0 35.0¢1.5

3. AAFINBIQWAN IWAY (%)
Fe (%) 2.0+0.4 2.840.3 2.2+0.2 4.1+0.3 4.2+0.3 4.0£¢0.2 3.5+0.2 25+0.2 1.7+0.2 1.5+0.1 2.0£0.1

4. aeshnivazaslanewitnlnae (Geo-accumulation Index; Igeo)

Igeo-As 1.2 2.8 25 0.9 -0.1 3.1 3.2 2.7 0.9 -0.7 -25
Igeo-Cd 0.9 1.1 25 26 1.4 27 6.4 4.9 1.5 0.3 0.5
Igeo-Cu -3.0 -2.0 -22 -14 -14 -1.6 -15 -24 -23 -24 -24
Igeo-Pb -0.6 -0.6 -0.6 0.0 0.0 0.1 1.9 0.1 -1.1 -1.4 -1.1
Igeo-Zn -1.8 -1.0 0.4 -0.9 -1.6 -041 4.4 1.5 -0.1 -1.9 -20

5.aJadunsazandaalanenisnluAn (Enrichment Factor; EF)

EF-As 1.2 2.5 25 0.4 0.2 2.1 2.7 2.6 1.1 0.4 0.1
EF-Cd 7.0 5.6 17.8 10.8 46 121 174.2 85.2 12.7 5.8 5.0
EF-Cu 0.5 0.6 0.7 0.6 0.6 0.6 0.7 0.6 0.8 0.9 0.7
EF-Pb 2.4 1.7 21 1.8 1.6 1.9 7.6 31 1.9 1.9 1.7
EF-Zn 1.0 1.3 4.2 0.9 0.6 1.7 42.4 8.4 3.8 1.3 0.9

6. AATHANNLRITIRLAA (Potential Ecological Risk Intensity; RI)

RI 128 212 344 315 147 442 4,116 1,446 173 69 70
@ thunae G4 G4 ¢ 9 gann gan thunang i én
" fiafe + SD 7 Soil Texture (hafn) : C: Clay (Awlwilen), CL: Clay Loam (@n3awiwilen), L: Loam (Ausauw)
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3.2 anmaaisludnarnnsdwilanlanzviin
HANIATIIAANNITNTwlanznin luduvas
ulaauns 11 uilas Tagwuanududuwaisaas
As, Cd, Cu, Pb uaz Zn ludndle1 11.1, 6.0, 17.1,
30.5 uay 381.9 mg/kg ATNEIGY (A13197 2)
lagaanuidutwyas As 461521319 0.5- 25.9
mg/kg Cd 8161 0.6 - 39.1 mg/kg Cu {¢1 8.7 -
25.3 mg/kg Pb {1 11.8 - 113.5 mg/kg Wz Zn &
@1 35 - 3,013.8 mg/kg LI8IRIAUANNLTNT Y
wanvaslanswinludin zn > Pb > Cu> As> Cd
nnmaSsufisuiuianesgunsdwiion
Tuduwnwundusunalanzninluduinaanasgiu
yasduluiuiiinwaslasUsuimves As uaz Cd
ndunasgInansesdszneng [14] uazdSunos
289 Cd Pb WAz Zn INUAINNATTIUARTBIFRAIN
o131 uazd3unos As Cd waz Zn (Aiud1w1a I3 %
Guvasdzmedn  TuvmefivSano cu lududen
lafiudanasgusasdszinaduuazanniwg
[4] (013197 2) ugasliiAninnsFenannas
dutilasannistudonves As Cd Pb uaz zn
niindadnne auwarudusuanodaguniw
aulBTaINRRY anaadIunITaTyLaulavas
foiTiaanmsuassuaiBantu
nsaszArA W aN sl udn (Soil Pollution
status) LIWMINATIERITAUANNTULTIVBINAN Y
mMadnvasndasmlasifiianziarauinnenydl
il lowd draaiinnsazaniFassdh (Igeo) A1nns
fzauavadlanzninlasltiassnsrzaualvas
Tanewinludn (EF) uazdesiinnudoadfing

(RI) vasanluulaswnNdns uaadluaaen 1
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A1937197 2 USawlanzninluduudasmnans

k3 v £
ANNLANTHlanznIbn (mglkg)

As Cd Cu Pb Zn

1.6uudaauwidns

Min 0.5 0.6 8.7 11.8 35.0

Max 25.9 39.1 253 1135 3013.8
Mean 1.1 6.0 17.1 305 3819
SD 9.3 11.5 5.8 285 879.8

Detection limit 0.05 0.04 0.08 0.06 0.10

2. INuUIiN93g1% (Guidelines)

Tng 3.9 37 - 400 -
N 20 0.6 100 350 300
awnwglal - 3 140 100 300

NUIANATRNIRERULTIDT (Igeo) VI8
aunnuiasiidnarfinsszauiasadives Cu aglu
seauflifnmstwiian (1geo <1) lnamefinuns
Unitfauwos As cd Pb uaz zn ludu Tagen
AURNIFERNITITIRVEY As (Igeo-As = -2.5 114
3.2) vsvenszeumstuwiionuas As agflmm”uﬁ
Vl,aiﬁmiﬂmflyauvlﬂauﬁaﬁmsﬂuﬁauga AIUAN
ATRNTR=AULTITIONVDS Pb (Igeo-Pb = -1.4 §i4
1.9) UMDY Pb agsl,m:ﬂ”uﬁvl,aiﬁﬂ'ﬁﬂw,ﬂwauﬁaﬁ
mydwianthunas gruenesfinisazauigossdl
289 Cd (Igeo-Cd = 0.3 §14 6.4) LEAITEAUNNT
Ywileuaas cd atjluszauiunanafisszaugs
v lwamed draainisasanifossdivas zn
(Igeo-zn = 2.0 — 4.4) agiluszay A'lsifnas

ﬂuLflau"l,ﬂfauﬁoﬁnﬁﬂuﬂaugamn
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f1nTunNan1IUsziiwan EF (Enrichment
Factor) #38A10398M138280A2289 Cd (EF= 4.6
14 174.2) 1§83 mstwdlanves cd lasusnina
nnfanauuysdagluszdulunatfioguusiuas
Zn (EF= 0.6 ©19 42.4) ludw uaasliiAiniinnsg
Unifauves zn ludnldsusniwaanianssu
uusdagluszaudasfoszauiun Tuwmuefiiass
NNIRLANAIVBI As (EF= 0.1 ©19 2.7) ludunuin
l@sudniwaszaunasandalasudnsnatunand
nnAINTINNYREE U Pb (EF= 1.6 113 7.6) ludu
ldsuaninannfansiunysdagluszauionis
IZAUE TuamefiTasunsszauainas Cu ludu
agljiui:@”uﬁvliivlﬁ%‘uawﬁwmuﬁﬂﬁ%‘uﬁwﬁwaﬁasJ
mnﬁammwwﬁ msdssfudnarfiinuiies
N19%hLIe (RI) PoIulaswIansy wuiaden
21374 69 B9 4,116 lasgusautsutasu e
1w 4 ﬂaq'umm:é’umiﬂmﬁauﬁuﬁﬁwa@iai:uu
fne laun szaudn szaulunans JZAUFI LAY
IZAUFINN (@397 1)

] v
~

3.3 n1sdsziintdvandenananivlwitlaw
Tanenibnlnon
miﬂmfvlaumaﬂamwﬁfﬂluﬁumaﬁmm@;m
NS HNIENIWEFTUTAUAZINAINTINY B
Ny MIeRTasfigsnadantswion
lanzunnnludulaslddrgfdanisieinzy
a9nsznaunan (Principal Components Analysis;
PCA) ﬁﬁmwgmmmmuaaIﬁIﬂuaa@Tﬁﬂﬁ'ﬁ'LLa’%-
WNAD (Varimax Rotation) LRZNIBFOLNANUAN
INNITIATITRNGY (Cluster Analysis; CA) [6]

LLa@alugﬂﬁ 2 WLAZANINN 3
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HanN13An® Wuin assdsznaunddnlenu
(Eigen value) 1NN 1 $1man 3 a9ddIznay
Tagd 2 ssddsznauiawTnosureaandsh
AoanuTasamstwienlanswinlududaden
FAFIwANNLYTUTINELRY 76.56 % 89AUIzNaL
@9n817 bewA PC1 uaz PC2 las PC1 18130
asu1saNuYsUIINeIaulTle 41.66 %
UYsznauaruaauls As Cd Pb uaz zn @95
ANMNRUWUTIUAANIILEGEINY OM way silt
Lﬁaamﬂﬁwnfiﬂ'i'@q1uﬁua1w13ﬂ@@%’uia%:ﬂﬁfﬂ
166 inldiduunaizzan As Cd Pb Waz Zn &3%
PC2 a¥u15natunsanNslsUTInTaIaulsle
34.9 % laswuinen CEC Janusuwusluiianig
W@8INY Cu Fe WA clay WASAINEUNUT LY
AAN19ATINUTINAY sand aw1snadueladn
fa08198wl 310N clay G986 CEC g9 4
mwmminsl,uﬂﬁi@ﬂﬁﬁ'ﬂa%:%ﬁfﬂﬁﬁﬂi:ﬁ;mﬂ
1 in1IasIaWue Cu Fe 89 BansenuTuniy
fagn9aulszinn sand A1 CEC @1 uaziie
NIBFOLAMNROAANDIVBIAILY TIZRININANTT
1A= PCA AUWANTITILATIZH CA (gﬂ‘ﬁ' 3)
wudrandslanzniniiauseanaodluuul
W@EIN® wazdnNusaanaaInual EF MNNanIs
AAsERaINa1219%31 Cu AinuludniAaain
g Ws3INTe Iwsefinsdwidenses As cd
Pb A Zn LAAINNTIRATWETTNTALA=RINTIA
VoI W aRe1I NN NNROAAEBITERIN
1 Igeo-Cd WaT Igeo-Zn WAz EF uaadliiin
yzeumstwiouuas Cd waz zn gamsﬂmﬁau

LNANAINTINY Y mql,mf
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Variables (axes PC1 and PC2: 76.56 %)
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1.00 o

o
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o
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0.00

PC2 (34.90 %)
S
b

o
«
=)

o
N
a

-1.00 san
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

PC1 (41.66 %)

31 2 TaenasnadanisUuwdonlarsrinludn

MNMFAATRIAUTENBURAN (PCA)

-0.91
071 +
-0.51 +
031 +
0.11 &
0.09 L
020 L
0.49 -
0.69 —+
0.69

Similarity

r

o @
L E

=
o
]

IE_Q'OC
[a R [SEN S I N

sand
CEC
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=
@]

31 3 madeneiaudminademadwd aulane

WNUAUAILAT Hierarchical Cluster Analysis
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A a & & o o o
M13197 3 WAN1ILATIZHRIAUIENOURANFIATL

a & o A, \ 1 o
n13n Lﬂi'wﬂﬂﬁ]‘ﬂUﬂﬁdNa@]ﬂﬂ’ﬁﬂuLﬁﬂ%Ia‘Wz‘lﬂuﬂ

audls Adagvimtinilasy (Factor Loadings)
PC1 PC2 PC3
As 0.694 0.030 0.161
Cd 0.914 -0.020 0.299
Cu 0.424 0.836 -0.126
Pb 0.911 0.199 0.242
Zn 0.931 -0.022 0.208
Fe 0.302 0.917 0.037
sand -0.235 -0.938 0.054
silt 0.911 0.023 -0.238
clay -0.330 0.913 0.093
pH 0.202 0.052 0.913
oM 0.809 0.233 -0.178
CEC -0.159 0.914 0.118

% & % «
3.4 szaunsnilanlanzuisnluinanznnas
@hm'mLﬁﬂa@iaqmmwmnmiu‘%fnﬂ
a & o g v
INNILeINzAIzauMIUw D anlaneniinln

<3 v a9 o A 1 LA 4
L&I@@]“U'I'JYIVL@]?]'mLL']_]ﬂx‘lu'W]ﬂﬂH’]W‘]_l'J’]ﬂ'ﬂﬂJL°l|3J°ll‘Ha

wasluw§ad11989 zn > Cu > Cd > As = Pb
lasydSunm As {61 0.03 - 0.36 mg/kg Cd diein
<0.03 — 0.46 mg/kg Cu f@1 0.46 — 1.82 mg/kg
Pb 4135211319 <0.04 —0.34 mg/kg Waz Zn Aen
14.83-25.45 mg/kg (laifinudanaguaslans
winluwdadn [4] woinwieddnmstwion
289 As Cd uaz Pb tiudunasginaaslansnin
luludar120710 0103314189 U3NATU URZNU

301 As uaz Cd luwdatassiindanasgiu
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289 WHO/FAO:Codex (CXS 193-1995) [5] U&®3
G019 4 F193Dman1TUInduAuEs e e
gunnzaIguilnaaninuedlanznin (As Cd
Cu Pb uazZn) lagWansm1fn Hazard Quotient
(HQ) PaINARAATIIINLL 89U 11 waswudn
wlasmdnlnnlwnandatinfifianudnde
qwmwmmﬁuﬂm aniniad R1 R4 R5 R10
Laz R11 WaZINNNANISANHIND LY aIwIfddn
mwmémnmga (Total HQ >1) $117% 6 wUas 49
Aot 55% vasutasurnsnua lasudasw 5
was Ifur R2 R3 R6 R7 uas R8 dd1anuLaes
§9INMIEzaNTd As Twniat1 wasdl 4 uilag
ldun R6 R7 R8 WAz RY ﬁ@hmwmﬁimgdmnmi
R2EUDI Cd luiwaatn waadlimAniinsle
ﬂiﬂmﬁﬁmmﬂm:ﬂgnﬁﬂﬂuuﬂmmﬁﬁuﬁmi
ﬂuﬁaﬂamgaﬁiamﬂﬁﬁﬂmiﬂmﬁaﬂmﬁﬂ
ﬁﬂa%aﬁmmﬁmﬁaqmmwmaa;&”ﬁinﬂ

3.5 Uz IAREN NN ENANBABADATAIINLFI
a v
1nn1suslnazvaInlaiuwl
& A Aa a A v o A

TUNUNNBATN TN INEANT1MTT LA WAY
fanudmaydaguaiwnandandanulasany
@iE]E\IT‘U%Iﬂﬂ Uzl uan I uaNHa w0 Inlad-
WINANAITIATIUAWLAZNT LOUANATRANUT T
AN LTI UAITIATTAUN AN LAY baA AaTHNS
geaulanzninludn (Igeo) A@TRANNLELINII
#1726 (Potential Ecological Risk Index: RI) (Judn
[2] Sauasheuian lTUssdugniwnsdman
@T’sﬂmmmlﬁm@iaqmmwmnnwsu’%hmwﬁmﬁa
W8997n67 R LDUANNLRAIAINNLFEINIIRIA

2a93z0ulanzninludndafaldiad swinun bl
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M137197 4 ANV NT UV DI LARTAIN b UEAT?

U v a [~3 v
anudndnlanzyuinlnladn12(mglkg)

wilasn
As Cd Cu Pb Zn
R1 <0.05 <0.03 1.19 0.10 14.83
R2 0.36 0.10 1.82 0.04 20.52
R3 0.31 0.04 1.1 <0.04 20.82
R4 <0.05 0.06 0.71 <0.04 18.30
R5 <0.05 <0.03 0.88 <0.04 16.50
R6 0.32 0.27 1.26 <0.04 20.21
R7 0.14 0.46 1.36 0.34 23.59
R8 0.20 0.22 0.95 <0.04 25.45
R9 0.05 0.21 1.18 <0.04 21.25
R10 <0.05 <0.03 1.24 <0.04 19.36
R11 <0.05 <0.03 0.46 <0.04 19.46
Min <0.05 <0.03 0.46 <0.04 14.83
Max 0.36 0.46 1.82 0.34 25.45
Detection limit 0.05 0.03 0.06 0.04 0.07
INMANIAIZ 1% (Guidelines)
szinadn 015 0.2 10 0.2 50
annwgy 1l - 0.2 - - -
WHO/FAO 0.2 0.4 - - -

AT UBNLYRIWIANNTUVBI RI (A13197 1)
gunsawdsndasuiaanidn 4 mju leun mjuﬁ 1
fantasmnaninsuuiondn nEuN 2 fauias
pnaudnsUuidantrnnans ngun 3 PRIRIES!
mﬁauﬁmsﬂmﬂauga LLa:mjuﬁ 4 Aawlasu
Aa a ¥ A

nauiin1vduidauginin 13199 5 LEAING
msﬁnmmwmﬁm@iaqmmwa’mmsﬁimﬁ’nﬁ
1Jgniuuﬂmmﬂﬁjuﬁﬁamwmiﬂmﬂaumaqﬁuiu

o P23 oA oA

F2AUIWNADIFININ (NFNN 2 NN 3 waz
ngufl 4) wudiluudasunfiounnudas 1ren

AMULFBITINNINNTIT 1 (Total HQ > 1) LEAIDY
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15190 5 im‘"umml,ﬁm@iaqmmwmnmsu'ﬁmﬁnﬁmﬂauTam%ﬁnmadmijﬂmm 4 mqiu

Hazard quotient (HQ)"

wilag Total HQ
As Cd Cu Pb Zn

mju‘ﬁ 1 udaswriauiiniswidlonen (R1 R5 R10 R11)

R1 0.00 +£0.00 0.00 +0.00 0.16 + 0.03 0.12 £ 0.03 0.25 + 0.02 0.53 + 0.05

R5 0.00 +0.00 0.00 +£0.00 0.12 + 0.06 0.00 + 0.00 0.28 + 0.02 0.33 £ 0.08

R10 0.00 +£0.00 0.00 +0.00 0.17 £ 0.03 0.00 + 0.00 0.32 + 0.04 0.49 + 0.08

R11 0.00 +0.00 0.00 +0.00 0.06 + 0.02 0.00 + 0.00 0.32 £ 0.02 0.39 + 0.03

najzm?; 2 wilaswnfianiimsuwitiondwnane (R2 R9)

R2 3.94%+1.24 0.48 + 0.18 0.25 + 0.06 0.03 £ 0.03 0.34 + 0.02 5.03+1.08

R9 0.00 £ 0.00 1.03 £ 0.26 0.16 = 0.00 0.00 + 0.00 0.35 + 0.02 1.54 £ 0.28

na:uﬁ 3 uﬂaamﬁauﬁmsﬂmﬁa%ga ( R3 R4 R6)

R3 3.47 £0.99 0.20 £ 0.21 0.15 + 0.02 0.00 £ 0.00 0.35 + 0.02 416 £1.24

R4 0.00 £ 0.00 0.28 + 0.19 0.10 £ 0.02 0.00 + 0.00 0.31 £ 0.02 0.68 + 0.22

R6 3.60 £ 0.61 1.35+0.44 0.17 £ 0.01 0.00 + 0.00 0.34 + 0.02 5.46 £ 1.07

najzm?; 4 Ltﬂaamﬁa%ﬁmiﬂmﬁa%gamn (R7 R8)

R7 1.53 £ 0.45 2.28+0.49 0.18 £ 0.07 0.42 + 0.10 0.39 + 0.02 4.80 £ 0.77

R8 2.18 £ 0.51 1.08 £ 0.50 0.13 £ 0.04 0.00 + 0.00 0.42 + 0.02 3.80£0.95

" giade + SD

ﬂ’JW&ILé&IGi:@T‘UgG pniuulasw R4 1HaRanson
AMULEDIIIN lane i nudasTia Wuiwlasw
R6 R7 Laz R8 ﬁmmwmﬁﬂd@iaqmnww g3
ilasanmydwidouns As uaz Cd utlas R2 uas
R3 ﬁmmwm?m@iaqmnﬁw fguﬁaamnms
Uniion As d15u1/ad11 R9 Jd1auLFs 960
qmmwgamnmsu’%‘[nﬂL;\Jﬁ@ﬁ’nﬁﬂmﬁau Cd
PIRWUAN DA TR TV IN T AT HYDIGUAY
A1 RIfua1Uwidonluindad1ilasdnd
ﬂ’]iﬂ%l,ﬁa%q\‘lﬁIaﬂﬁﬁ@liiﬁlWUﬂﬁiﬂ%LﬁauIaﬁL’
winlwiuiat1gs wilasmnfiandnyiwiiiasen

(NAUN 1) WUAIANULEEITIN (Total HQ) Hein

wasndn 1 noudas lasynudaslunga 1 fidn
mwméﬂ\nmmmmqmm As Cd Cu Pb Uag Zn
%aunin 1 (HQ <1) LFAIFINNTIIN 5 §ruulag
uwﬁﬁuﬂuLﬁauIa%:Mﬁfﬂﬂﬂuﬂmaﬁagamﬂ (wilad
mna;:uﬁ' 2 mju‘ﬁ 3 LLa:mjuﬁ 4) wm’nﬁaunﬂ
LLﬂmﬁmmmLémaga@iaqﬂumwimmwwzmﬂ As
w8z Cd onuin wUag R4 madititosannanuwme
aduiduduwiiauasfan CEC G Gefluade
mimﬁauﬂ”’]mJadﬁwqia%:%ﬁfﬂvlﬂazauludauﬂuaa
WRATII6IN IR NI INURZIINATREY INHA
miﬁﬂm%lﬁl,ﬁummLmﬂ@hwaami@@azamm

@ o X o o
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Cd > Zn > Pb > As 1NN1TALATIZAIAINAT
Uwiaulansniinlunaswidasdinisdssiiin
s:@“’uuaﬁwmaauLLa:mwutﬁm@iaqmmwmﬂms
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Abstract: The objective of this study is to compare methylene blue dye removal ability by 3 types of
adsorbent materials including activated carbon, charcoal and bamboo charcoal. The effects of adsorbent
dosage (0.5-2.0 g), contact time (0-120 min), initial methylene blue concentration (65-140 mg/g) and pH
solution (3-9) were investigated. The adsorption isotherms were analyzed by using Langmuir and
Freundlich equations. The experimental results found that the optimum adsorbent dosage and contact
time of the low-cost adsorbents were 2 g and 90 min, respectively. The removal efficiencies of
methylene blue by activated carbon, charcoal and bamboo charcoal were 75.48, 23.90 and 16.57 %,
respectively. Adsorption data were fit to Langmuir isotherm model. The maximum adsorption capacities
of activated carbon, charcoal and bamboo charcoal were 18.73, 5.18 and 0.81 mg/g, respectively. When
considering the maximum adsorption capacity per adsorption surface area of each adsorbent material, it
was found that the charcoal had the highest value followed by bamboo charcoal and activated carbon
respectively. If considering the economic value charcoal is the cheapest. Therefore, charcoal was the

suitable local absorbent material which can be used for methylene blue dye removal.

Keywords: Activated carbon; Methylene blue; Low-cost adsorbent; Isotherm
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Abstract: Acetone-Butanol-Ethanol (ABE) blended with diesel fuel in 20% by volume (ABE20) has been
a promising alternative fuel for replacing diesel fuel. Consequently, it can be used in the unmodified
diesel engine with slight effects on engine performance, combustion, and emissions, presenting stability
during engine operation similar to diesel. However, ABE20 is composed of alcohol, presenting the low
auto-ignition ability and high latent heat of vaporization compared to diesel fuel. These can affect the
engine start ability. Therefore, this work aims to evaluate the engine start ability of ABE20 on a common
rail diesel engine in different testing room temperatures and to investigate the fuel consumption during
the period of engine start and continuously idling in 60 seconds. The experimental results show that
ABE20 presented the engine start timing longer than diesel fuel for all testing conditions and its fuel
consumption was higher than diesel fuel. However, the reduction of ambient temperature by 10°C

insignificantly affected engine start ability but not for fuel consumption.

Keywords: Acetone-Butanol-Ethanol; ABE20; Diesel; Diesel Engines; Engine Start Ability

The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech
29



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

1. N

a=@lau-0anuea-tanuea (Acetone-Butanol-
Ethanol: ABE) L #ansHaud wnansfi tiaduszning
nszuaumsHaadmueafiinaslesuanuanlaly
LfluL%aLwadmdlﬁaﬂﬁm%’uﬁm‘“uﬁLsﬁasl,uﬂaﬁ;u”u
\#9997n ABE ﬁqmawﬁmﬂﬁﬁmﬁ'ﬂﬁamuaa
(1, 2 Sedenamwlumslidudamnwaslmedoeue
ToURENR ST HELTa 91NUITIAMIRIIWD N
\{lo1in ABE manriuiintiudisa (ABE-Diesel Blend)
lugasusosas 20 lasdsunes uazviumasauln
Wasuun Inais1889 (Combustion Chamber) fignnaz
mmé’uqmazqmwnﬂﬁgmﬁmﬁmﬁ‘uluﬁaum%ﬂ
TweSassudaiss wu*j'lﬁqma"nwmwaaamiﬁw%h
sonusvsamauasialiuandnsaninaiudina [3]

Tuameiaaudsduwnsun lndves ABE waw
fraianuaunsalumssassuliiiansennal
ﬁaugmiﬁﬂﬁa@msﬂmﬂa’ami’uﬁ’] (Smoke)
Lazaun1Alw (Particulate Matter) 83'ldati19d
wudea iesan ABE (uidaimisfideandian
NawaglﬂmaqaﬁamUdal,a'%wsl,ﬁl,ﬁ@milmvlmﬁﬁ
sy ok 3] uaz ABE fsunauvoILaanagastadl
fndnutuiuasiarlniTionavasanuand
luﬂﬂiﬁmiu‘ﬁ@ (Ignition Delay) ‘ﬁlil’nﬂ’i’]awna
@TﬁmmQﬁﬁaﬁﬂﬁﬁ“ﬁws:ﬂ:nmlummauﬁ"u.
SR AN AT AN AREN IR DA TLEN
Tnalugr9n1nnn nafidowssnnan o
(Premixed Combustion) [3, 4] 3nsluaniizdid
msﬁm%mwﬁumuméﬁ (Steady-state Injection)
ABE WaNdlrasgIdninueivessmlsdluganue
VaILNA m"ﬁ'a&un'j'} (Liquid Length: LL) el

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

AnusvadTzazanvaddadlW (Lift-off Flame:
LOL) ﬁgﬂﬂ'jwﬁma F9T932 0993299 LL uae
LOL fisnanindimadiiasrnlidnmssaasumsnay
Aussniofanasiuenmananin fauiia e
inanflazinAaud vhglauvesnm il fisuans
L el (Reaction Zone of Combustion) é’\‘ifl?u o
Mlinawnindues ABE nandimafianuauysnt
mnn’huazﬂa@ﬂdamagmmﬂuﬁﬁaun’h oA
1danANNaI19U0IuRITIINTIG (Natural Light
Luminosity) 289 ABE Wandtmafignindioal
NWITVBI Wu LasAtuEY [4]
f1nTun1Inasauld ABE naudLTalu
LA309UHAALTA 91NINWITANIHNA [5] Wudn
sananuEwl Ao TaIwaiues ABE nawdimalu
fadIuTosas 20 lagdSunas (ABE20) Aa7nw
§uLﬂﬁaaﬁgan'jwamalquam's:miw@aauﬁ
n’]i:mum%a\‘lﬂuﬁ (Engine Load) ‘ﬁlwi’]ﬁ'u
Wasandaranuiandidininaims agnelsfianu
NEUWL A NUEIRNTALAD L aInaIIUINN
FonAndunssnunnutauniadUssansam
N9ANIOU (Thermal Efficiency) U84 ABE20 8
nirdatitasann ABE20 faranufanudslung
721" 8 A7 (Latent Heat of Vaporization) ﬁgaﬂiﬂ
ArassiasulAiianaatnaluLdu (Cooling
Effect) luwaain lnaivildidndszansnwluns
ﬂi:ﬁgmmﬁ (Volumatic Efficiency) ﬂlmzm%a\‘t HUR
vi197% [6] ﬁﬂﬂg\imsﬁaaﬂ%muluiuLaqmaa
ABE20 vinldiAanisimnln g suyIniuae

UszAnSmwigani [3, 4]

The Journal of Industrial Technology (2021) volume 17, issue 3.

30

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

ém%’uqmé’nwmzmum%ﬁmaa ABE20 11
L@ﬁaasu@Tﬂé’uwuiwﬁ@hmmm“ﬁﬂumsfgmmﬁ@
A oA 2 o v A oA '
Agenirdiaa sevldifanaan ndfiguusanda
Auralusag Premixed Combustion kazadta&su 1w
anmlaaddaslulasiaueanlodnginindioa
5] atn9lsna tlald ABE20 lutaSasouaatsa

NRUNLINRINIIRaan1TUaaldoua T ud1adla

wnnindraedaivedeny lasianizatneds

Re Sb

gnzlnaadnanlewinis 25%-47% wonanit
FINUAN LEAUININVBILATAILUG (Engine
Stability) 13l al% ABE20 laifiarnauandieinnu
Alraad 1 i nE &AL [7] Sougasldiindasen
fudszAnianuudidusesipaninainnuuas
L3898 We (Coefficient of Variation: COV) 7151
liwandrsiudios (Foand 1%) uaziidrdinin
ﬁhmmLLﬂiNVugaqﬂﬁﬂau%'uvL@Tﬁm{um'%iawuﬁ
wr lnamelufiswue 131dmu 5% (8]
NS AR wIWTesmsAnmnle ABE
nandoalunIosoudairaludiud1sg 1w
FNIINNZVDILATOIUUG ATLAN BTN T Ina]
nsUaadaasuans waztadasaIwlunsldan
vasn3asaud ag19lsfianw lesen ABE §
anuan1Inlunisgaszdadiodaias (Auto-
Ignition Ability) fidn318Lma BnnadaainuTas
Lmﬂumsﬂmmﬂﬂaﬁga FIRINRADANFINT
lumi'«g‘mnﬁ@@hﬂéﬁmwam%mwﬁq lagianie
aﬂﬂaﬁalu‘*ﬁwam%ﬂLﬂ%‘aamuﬁﬁﬁqmmgﬁ
usseniadn wazldnuinuisuidsziin
AMNENNT0lUNNIEA1SNBILAT 0B UA 1L

VI LNRITRAT A9t ”Lumu%’«a”mﬁ?iaﬁi’mqﬂsmaﬁ

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

A A & A &
WU T AN NRINITD LAITEAITNLATDIL UG
vald ABE20 nandtatduidainds lasvinny

o A & a A A A
NAROUNULATOIIUAALTA 4 §U Nilszunda

dg’ a é = =1 H

VaLNRILUUABNN WS datduinaluladnlslu
dl 6 A g lﬂl v =3
Lmawummmluﬂaquu waztnal¥nI1ud g
NANIENUYBINTFHD LN RINTNAGOANNENITD
lunisgasniiesagnafen 399n139aszuLNs
FIUVBIRIEIDDNTERININITNARDL Baz¥inNT
NAFAUNQMWN A9 20 unz 30°C LAz
WU A UNANISNAFAUNUIN N WLTBLNRID1989

Ao nNudALTaaIN

a

2. A5NTANRWINWIY

2.1 KA INNIIIAITITHHATENITNNINAFOU
AANN T A1z i wannansalunng
; - - fa X A
RANTNLATDILUANITNNNYANTINNA AT UTS
TERININTRAINLATBIIUG NNINUITUNNIUN
wuiwﬁmﬂﬂ?ﬂﬁagammﬁaiaumauﬂ%mslu@ﬂum'i
Ui uaua1¥13a ln1I8a1sn WWeasune
o A ' &
QmaﬂwmxmaamsmUmﬂm:mwamia@mﬂ [9-11]
At NuIpiisRenldEy Y e NNSITaLVe9
A & A a &
LRI DILWG LN B 1T I LATIZH ANURINITD IWNNT
gainvaaTonindazsia uazldamim
LLiaﬁuVLV\Iv“\hmadwamas“ams“ﬁlumsszq@hmeiﬁmi
A w A € & a a ' &
AWM UVDILATBIE UG Fainuazbuade U
JUN 1 usasdayadyyimusiauluinuag
VOLADIRANTNILAZAINNLSITOLVRILATEIIUA L1k
TERININNINAROUAAINLATDIUUAVDITN N WA LTS

amRNARINagay 30°C s'fiammma%mﬂ

9 UG

HANHIANNTIANINVDILATAIUUA AR

2D )

The Journal of Industrial Technology (2021) volume 17, issue 3.

31

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

TS 'éi’]‘t%ﬂ’l TEA é‘ﬂ

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

o ¢
f LATRIEWA |
I I
. ﬁqaﬁ3: 2{;2054
30 eI : HWH 2 : : : 1200
B 1 [
—_ F ! Lot s
= 25 r : : i : HIULAULLT 1000 'E'
= B ! ¥y x> g
ey 1 1 —
c » 1 1 =
& 20 | 1 1 800 =
W‘E o 1 1 =
@ N ! I B
G - ! g
= P F ' ! 600 g
= a
£ 8
E 10 ' 400 &
2 : —o—useenlnin 2
b 1 - ] Pl
£ 9 ! —o—auiITau 200 &
1
0 ! 1 1 1 1 1 1 D
0.00 2.00 4.00 6.00 8.00 10.00 12.00
1987 [s]

31U 1 nMIefnedaunssaminieTessudainaymsianiWinawamasranmuas

= o (3
AULIITBUVBILATIDIL UG

T99 1: newn1I&A13N (Before Starting)
Tugrasudwdalasiatnyus nazualniiain
LuaaaIIzgnInuHIuNalaaIaa1Ingda
st WInTaurarnuussantnwqlu

A < A 6
LUALABT 12.1 V LAZANLSITOUVBILATILUG

& A o A A &
dugudittesnndalidmamyuzasaiasoud

12971 2: NMInYuWIVaILATIBA (Cranking
Period) [9] L aNARIATEANIINIATOIL UG
(Engine Start) ﬁwﬁaﬂﬂﬁwmmmwma'%a:gmi’m
lddsnataasan1sniNesanuiatuIAIo I8 wa L9
wyudainliussauludnlugrailanasadng
riufiviula dagdf 1 uazlurmiduanuaniuiia

A = a X o
JAUVRILATBIOUAN LA N UAININNWITITUV DI
14 6 a &
vaLnasranInlasdainasiseusa 200 rpm
297 3: N1TFANIN (Starting Period) %38

UATITBNTILIY (Acceleration Period) [11] Lila

& a A a o . A a o
dawwdsngndaitnldlugaed 2 hanmawnnddu
mulunszuenguanuiiTeuveaIasuudaz
QI g 1 = =1 3 Q0
Wngiuabsmaiiiuaziainuiiuinnin
vawnaiaa1in vausillosnasouazldasdanin
slataarimilinganisire Wil danamat

6 A [ % ' a v
FANIN TILTIAW IWRNIDLNAUNIYINA UL TIA U B
LUALABTINATI INNWUAINLSITOLVDILATIILUG
o A X ' | 4 o <
dnaindnansdaiiasaunsziafiannuiagiga
(1,000 rpm)

49971 4: TUIIRAINITAANIN (After-starting

. I = A ~ &
Period) Ba931NA21NLIIT0LLATDIUUA LN U Y
FIFAUE? INUUITOULATAIIUAITANRILATINEN
im‘"mlaamwL%ﬂ‘ﬁ”a%ilui:@°uﬁﬂaﬁm'aLﬁaq
et anll a é/ > %
nuwld anmswnlndfiifiadulunnipgininig

I nVBILATDI U%@T

The Journal of Industrial Technology (2021) volume 17, issue 3.

32

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

IMNNHANTINNITRANINLATOIUUANNE1INN
THAREINITDU T T RANNFINIDIA1IFAIN
A &V o &
PDILATBIVUA LAAIN “TZHZLIRIUAITRANIN
' . T B
LATDILUG (Engine Start Timing)” W3IWA13TK13N
5:ﬁmmmnqﬂﬁm%awuﬁﬁ‘wqu (Engine Start
. g = A o @
Moving) Tt wiaa s wisussawtWivas
& & a Y A 4 Ao
VDLABIRANINITNANGY (LEAIFIIATNALY Fei)
AUNTENIDINIANNLATBIOUATANINAA (Engine
A aAXa < A &
Start) T9luNAA 81187 B ANLSITOULATBILUG

AI J v [
LW&I“H%@EGQ@] (LRI mgmuﬂauﬁm)

2.2 gunsatildmsnageu
ANNTANBIWIIBNNIUNT [11-13] WUAN
AILINTINTWAAaANNRINIIDLUNIRANINV DS
2 & v ' a .
WAIaIsudaLs lawn 9UMNALIILIMNA (Ambient
Temperature), N1I08NUUULATRIOUG (Engine
Design), LT alW&4 (Fuel), N1332U18ANTDW
(Coolant), h1aiunaadn (Lubricant Oil), ¥N17¢
LU®ALABT (Battery Condition), ¥al@asaa1sn
(Starter Motor) uazgUnimitin138013N
(Starting Aided Device) 4% tNalWa1u130
ﬂizl,ﬁuwam:wumaoqmawﬂ'&%aLwﬁa@ia
mwmmiﬂlumsamﬁf‘nLﬂ?ﬂdﬂuﬁﬁqzu‘v\ﬁﬁ
a o ' ) o A A= 9 o A e
FINAFONF1INU G INUIFuRIINTLATaIUAGLTS
4§ NNz UUAALTALNRILLULABNNBULIA
. . . A
(Common Rail Injection System) Faduinalulad
d' Ed‘ L Qs 1 1 a [~
miaayu@w%ﬂuammwwmﬂﬂaﬁg‘uu Taodn
\A3aJ8uddne Toyota 34 2KD-FTV 301073
NI2UANROY 2,494 cc 8ATIEIWANTON 18.5:1 W

P

fdIg9ga 73 KW (102 HP) fisautaasuud 3,600

rpm T1URZLBLADH G LEAIAINITINN 1 WAL

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

iNazdanansznuasgUnsaliisaainluszning
minasay J9aan1331e Wi lUg9men (Glow

Plug) {NBAANTIT¥IN9

A13191 1 ‘}.TaﬂaﬁhLW’W‘II?NL‘F]%QGEJ%@TV]@]&@U

U o v
PTOYAT NI TLEE]
iva/iu Toyota 2KD-FTV
A & A &
LULLAIDIL UG \ATDIUUAGLTS 4 §U
DOHC 16 117 Gaad
6 6
waslursaees
FLUURALTBLNR LULADNNDWLTA

mumni:uangu x 92.0 mm x93.8 mm

PN

m’l&lﬁg‘ﬂi:uaﬂgu 2,494 cc

ussdagege 200 Nm 71 1,400-3,200
rpm

Asagaga 73 kW 1 3,600 rpm

AATIFIBNNTAN 18.5:1

Lﬁamuqulﬁamazmaamimﬁwayjmml@i’
A a o A A
Wouludeanulunnmimasey wuaaainldlu
ANINARDUTVMIABIIAW AR 12 V nszuslndn
100 A 8% a FB ?;‘LL PREMIUM M-2000R-MF
A o % '
(130D31R) T uauTIaw WwWnaunsnasey
NNATI 12.1:0.1 V uazltvalnasaa1snive
Denso 31 TA428000-2321 landimagranda Wi
NnuuaeaIHusIatnyuaiadanmhaues
& & A & o A
NaLMaTAAINTBIATEILUAAIILT 2
FRTUANLSITOUVDILATOIIUG b HeHINNNT
nagaumanInIaLazd I nldInidumaiiayy

VWANTBLAIBITAG Incremental Shaft Encoder

The Journal of Industrial Technology (2021) volume 17, issue 3.

33

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

ﬁlﬁa Baumer Electric j;u BDK 16.05A360-5-4 ‘ﬁﬁ
auazidoaluni3ia 360 ppr laTudayanin
91 AT U D Y8209 National Instruments 3%
USB-6251 H1ugassudyu manviaaifisessy
AULIIFIFA 80 MHz (32 bit) FIWUIIAW WA
VoINBLADTEA TN T TN A UTBITURY YLD
u:ﬁanﬁé’mwms@uLﬁwﬁaﬂ'w (Sampling Rate)
1.25 MS/s (16 bit) u,a:u”uﬁm‘?agaﬁmaﬂm ol
TUsunsy LabVIEW $aldWa wdutasnioln
wihodjuanmsisomnaluladonuauauaswasan
MILian AMLIFMNIINAFATAITID
éw%’u*ﬁagmﬁlmﬁ'uémmﬁaumﬂuﬁ’au
UEECHIEER LR TR L maam%iawuﬁgni’@ﬁw
Thermocouple 3% @ K LLﬂ:LﬁUﬂTagaﬁgd%N@]

@T’mqﬂmrﬁlﬁwﬁaga‘uaa National Instruments 3%

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

USB-6218 eutasfuatymimuauziandifion
n1IguLAuaIagnafl 250 ksfs (16 bit) Taald
TU5unsu LabVIEW wuidsiny lasldunianns
10U899mRYAA4 9 wait Lﬁafﬂqmﬁgﬁﬁm
Na§ady Thermocouple @G}@%mﬁluﬁadﬂﬂaauéd
agjﬁwmmﬂ%iawuﬁﬂizmm 50 cm §augUnYd
ﬁw”m%aLwﬁdﬁ;@i’ﬂgﬂﬁﬂm%vl’?nwluﬁyﬂma*fﬁ
msgl{’]ﬁuﬂﬂaauImﬂ"l&iﬁmusl,@é'wﬁaﬁ'uﬁmﬂa%
welul¥dnansznudatiminlumyiasasau
Fwdasdainde dmivgunpiinoluriedinled
uazladsdads iiusnmesinleduaslads
é’agﬂﬁ 2 ﬁauqm%nﬁﬁﬁwﬁum%aﬂﬁﬁmf&
Thermocouple 13u5 11 ma 9% 8wiadasle
LASDILUG LLa:éW%%‘uqmﬁQﬁﬁmdaLﬁugnaﬂ@f

uSmvianissaniaIossudnaninvaInaaiin

—_—
Z—~
6

o
~ 1. iaTasnuaGITa

) & & o a
2. iiwnaiinanaaulwnszuangy

< Iy @ =
3. iz sinesAuanwa oKl
20| 4 gunsofvsndyam
5. gunsalsausmdyyim
6. asafmaduazllsunsndanstoya
7
8
9

=l
L uuaLaag

. Juaoinadaosmnd

. uatmaianin
10.Faiamdaina
M.ondodddn
12.mesTudildadngmngiinaindamas
13.meilualillaingnnpitlody
1a.mosTudildlaingmngiivainados
1smadludlilatnamnniiled
16.9UnTalingmpiivioamaaay
17.qﬂn1r\itﬁuﬁ'ﬂy_aqmﬁgﬁﬁhq 9
18.13a0hAanin

19.27nd

J

20.WD9AILANDUNNS

Eﬂ‘ﬁ 2 WNUBRININAFAL LLﬂzqﬂﬂitﬁﬂﬂ‘S’ﬂ(ﬂﬁB‘U

The Journal of Industrial Technology (2021) volume 17, issue 3.

34

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

2.3MsasuNBaAINAFDY
mu’iﬁ'ﬂﬁtl,ﬁani"ﬁmsu%qw‘ﬁgvlﬁl,m 2:5lan
J9N1%08 LazlaN1ukaa ‘ﬁ'ﬁmmu%qﬂ?%.s%
99.8% WaY 99.5% ANAIAU UNTLATDURIUNEN
289 ABE LﬁaﬂﬁmﬁmmwLLﬂiN”umaaqmauu‘”a
WarnwasnAndulunszuiumsnanasefianading
AITNUABMTIATIZHHANTNATOL IAUNFNNAI
8aTEINITRIeTlan i ues wazlanuea
Wiy 3:6:1 lagdSunas dadugasiurialyd
AATHIERININTZUIRAITHAATINIHaS [1, 2]
laua1suad ABE Az lUnannudiralugasin
Souay 20 lawdSunas S‘fﬁgmﬁmﬂ'j’] “ABE20” W&z
HAMTNAROUT IR AU DA DAL
fiemasan Fodudaindssnsds (Reference Fuel)
A7 2 LLamqmawﬁﬁmau%mwﬁmﬂaau
TaBA1IANURBILIUT 89T DLW TARIBLATE S
Anton Paar DMA 4500 71 15°C laufidaq1a

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

910 Single-bath Kinematic Viscometer of CANNON
Mini AV 71 40°C uaz&1n3sUAIAINTanE1T 89
Wawdsrnldanniaiasvantiunasiinad Bve
LECO 3% AC-350 mu“ﬂagam%‘ua‘”nﬁamn
NWITBARWAN [7]

NATIT 2 WUINAIANURINUEWES ABE20
LANANANALTAREENIT 1% uanaudaianunia
FNIELTANINGS 34% uazwuInAeuToutas
AdwalszIn 8% wiinAdmnuiuiuas ABE20
wliunngdeyalunmitonduin sgrslsfiany
ganInemam It ladnensdendinings tiasdas
LLaaﬂaaaa(ﬁwmmy;M ABE20 {ifndinufiennin
AR EIININ 1T% TIN1Uea 25 LazlanI1waa 8
Judu uananit ABE20 gaddnanusonurives
nyzinoidulagininfios duazdinada
AITUIUNNTIZAE (Vaporization Process) 2adaiusel

& : & 2 &al
FIVIITINIADAINY mmmluam‘m LATDIEUNN

az18ualunsda 0.05 kg/m® saudananitadale  aamnddndneda
a51971 2 Qmauﬁaﬁmwaaﬁl%mau
qmauﬁ“ Diesel Acetone Butanol Ethanol ABE20

gaslaana CyCps  CsHO  CH,O  C,HO CesH156004
ANMUAUILUU 15°C (kg/m®) 826 790 810 790 819
ANNATA 40°C (mm?s) 35 0.35 2.63 1.1 23
franuTaudn (MJkg) 45.6 29.6 33.1 26.8 41.95
Sinudaivas (-) [4-5] 51 - 25 8 -
anusanucivasmyszineiule 270 518 582 904 332.8

71 298 K (kJ/kg) [4]

The Journal of Industrial Technology (2021) volume 17, issue 3.

35

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

2.4 suifiaviSuazanizlunimasau

Lﬁadﬁl’]ﬂqmﬂﬂﬁ‘i_liiil’m’]ﬂiaum%ia\‘lﬂuﬁfl
HANTENUlAUATIFAaANENNITD NN TEAN TNV
LS a98ue [10] wazanTayavedguindenma naw
q@;ﬁw‘iﬂmvlﬁiwmu'jw mm?z‘quwqﬁmad
Uszinalneluaiy 30 T 521319 W@, 2524-2553
favinny 27.2°C dauqm%gﬁmﬁﬂuﬂ 2562 LAz
2563 agjﬁl 28.1 WAz 28.0°C ANNAIGY [12] G934
Lﬁiasl,ﬁmsmaaumamqmqmmﬁmﬁwaaﬂsxmﬂ
vlmﬁaﬁwu@qmwn“ﬁﬁmmaauﬁ 20 uaz 30°C law
159U uamewma 20,000 BTU $11430 2 19389
Lﬁiamuqmqmmﬁﬁaamaauﬁﬁmm@ 125 m? WAz
fmsuaranutwlutesmaseuudinezluinng
CRIGEY wald i nsuiina 3 dsf dnanudn
SIS luandnInuwIaar 1zwing 42%-45% lunn
MINATOU A13197 3 LRAININIINENIIZNNS
nagausng g lagidduaaunmasauasaallil

1. SaAsuNLAIaIuuS LTaIWAINATOL guUnsal
lunsia wasasnaseulinion

2. 10NN NAUNIIANN niluieimasey
a3 asua el asnsnwliin 0.5°C

3. L’%'uu”uﬁﬂiagamsmaamms] Tuldsunsy
LabVIEW wasAinminduduuesingudaimns

4. OINIATEIUUS FUATaIHuT I INA AL
WAwN (Idle) 1uszaziam 60 s angatufinuans
NARBUTINRAA

5. ¥innInagoutn 3 A% lwudaran1izng
nasay lapiSudunanmInagauantan 14

6. WAIHENIZMINATOU LAz T BINE S

IUAIL

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

P
N139N 3 agﬂama:mimaau

Ay Tayanaday
[ HaLNE Diesel WLaz ABE20
paanilviasnasay 20 uaz 30°C
fusfisa - ussanlWvesnainas

&
RO1IN
= 2 (3
- AULIITDULATIDIL UG
9 a a
- 0 TANNEWLLRDY

& a
LTBLNR

3. WAaNIINAFLY
¢ = ¢
3.1 MSAMINLATDIIUG
3UN 3 LLamﬂTaHaLm@”u"lWﬂwﬁuama‘i‘am‘?‘ﬂ
LATAIINLIITAUVBILATAIUUAT HSHINIRANIN
Fanaladnlugim 1 dygisussanlniiveann
RANIZNIINAFIULINAUANRIN 12.1 V Tug29
U Q & o I AI v
VA INALADINY TILFAIDIGILAUINTSTNAUNNT
&ANSNLAIBILUG (@97 banena i lurada 2.1) Tu
YULLAINUAINLTITOUVDILATOIIUALIN LN Y
&’ U o ai di 6 a
FaU% uazd1gsa9n 2 (1nTesuudnyund)
ANUITITEUIATBIB UG LY NENITMINaFaUin
InfiAnaruyszanm 200 rpm AnMIRyUWTAANY
) dq/ ﬁuj a U = v v
souluz29% miamevlmg]ﬂammvlﬂmmlmaum
Vlﬁﬁauﬁﬂ’%mmmmﬁmwa@iamn’%uﬁumsqm
SERIL) LﬁaqmvmuﬁLLafzmwm”uluns:uamﬁuﬁa@@]
ﬁL%aLwﬁamminqmuﬁ@@hﬂmmaavl,sﬂ” NI3LHA
TndlwigansusnIaFuiiadn LazannuauL37
4 « A £ ' « @
JoUTBIATBIBUANILANNTUBE IO uazidg

72991 3 (MIFA3N)

The Journal of Industrial Technology (2021) volume 17, issue 3.

36

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

UNAUINY
25 1200
E () -
o0 F 1000 &
: "w;
2 [ 4 800 §
a; 15 - S ] 2
= X 1 60 g
i - 3
s 10 F a
[ =
Z : 1 400 £
[ H
- =
5 [ i c
- ——D100_Volt ——ABE20 Volt [q4 200 g
[ e D 100_Speed e ABE20_Speed| 4
D ¥ I L 1 i L L 1 i L L 1 L 1 L 1 L 1 i ] D
0 1 2 3 4 5 6 7 8 9 10
a1 [s]
25 1200
L @) ] -
0 F ] 100 E
= ";_.
= F 1 s Z
- - =
- 15 |} ] )
= [ — ] i
= - 4 600 "¢
i B ] 2
g10 ] 8
z [ 4 400
= - . .=
- 1 =
5 F r c
[ <— ——DI00 Volt  ——ABEZ0 Voit |{ 200 &
X e [)100_Speed —esmABE20_Speed)
o DO v v v v 1 g

[=]

1 2 3 4

1781 [s]

5

6 7 8 9 10

P ) 9 & & & = 4 s o I ¥ oo
E‘]_I‘YI 3 °IJE]HﬂLL?G@%VLwﬁTV]NﬂL@]E]iﬁ(ﬂ’ﬁ“ﬂLLﬂZﬂ'J']&ILTJ?E]'U“IJE]{]Lﬂ'iﬂ\'iU%@mmzﬂjﬂqia@lqi‘ﬂﬂlE]Gu’]&lu@l,‘ﬁa

18z ABE20 ﬁqmﬁgﬁﬁaaﬂﬂaau (M) 20°C wax (2) 30°C

Tugrsfinuindmadnslasuutasnanusa
soUTLAnY WA ABE20 lunnaniznmmasey
LL&:é’dmva@T'hmwL%’Jiaugaqmadﬁmmﬁﬂ%u
naw ABE20 lunﬂanwa:ﬂﬂsﬂ@aaUL"ﬁuﬁ'u NN
mmﬁaiawmLﬂ'%laaﬂuﬁamﬂaauamﬁ;jmﬂﬁu
W1 D9anui5sa U vasudarnImagauiian
Indidsari leun 895 uaz 892 rpm dwnsuinaTL
ﬁtmaﬁqm%gﬁﬁaa 20°C a2 30°C ANE1AU LAz

896 WAz 893 rpm &1WTU ABE20 ﬁqmﬁgwaa
20°C W&z 30°C VAU

A o @ P a & A a
WarhPayaangdi 3 indienziinedsziiu
ANNENATD LUMITRANTNLATR I8 UA LA RN TN
& 2 & Y
NNIZHZIAN IUNNTFAINLATRILUS TILFAI LA
UM 4 wudh MIsaaizesgMrnIvamarauan
30°C 1w 20°C g9warirlilaiaanlunisgaiin

&’ a =3 v A t;’

B BT BLNEILAN TR R oW Wl wL szt 0.096
Uz 0.104 s (4.39% WAT 4.28%) MATUALTALRS
ABE20 @MU R1AU ROAANDINUITHIILTDY
Ramadhas WazAme [13] WU Lilogunniines

nagaudias 10°C vinlwlsiianlunissain

The Journal of Industrial Technology (2021) volume 17, issue 3.

37

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

& LA a
oI lasawnzadsdsfirsnanlunimyu
a A & A & E X A A
WIUDILATOILWA N LI U U NIiaIa Nl e
qtu;m“ﬁ"uaam?mﬂu@T@‘iwzdwaﬁﬂﬁmwwﬁmao

A N} X X
INNURFOAWA LYY FIANANNFIANMUIUTURIN
R . . - &
699 NaARanN M mNMIEaNIn [14] BN
n1Iaaadvasgun)dainaseurinligmngd
Y A
molunszuanguaaasnulldis Sesanalanass
@aNITTUIWNNIAALTALNRY (Fuel Injection) N15LAN
a1l ulosazaad (Atomization) TR U@V
W alWa 4 (Vaporization) LASNITNENABITAIE
WalwRanuene (Air-fuel Mixture) LasaINaABLIbad
Thufsanuainanluneszdediodaes (Auto-
Ignition) 2adLBaWaS Iz 19TuFUMTEN T [15]
FRTUNANIZNUVDILTOLNRS Dh qm%gﬁﬁau

NagaULALINK WUi1 ABE20 Taanlunsgansn

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

o o

HIIUNWNINALTR 1IN N FIA Y KIaUI1WNIN

(]

A

0.253 Az 0.246 s ﬁww%’uqmﬂgu 20°C uax 30°C
ANNEIAU ﬂgaf:ﬁmm@mﬂmiﬁ@h%muﬁuL‘ua§
(Cetane Number) TadLLaaﬂaaaﬁﬁNamaglu
ABE20 fidnnindioassnnied 2 aduaaudsd
ﬁa%mmmmsn‘l,umia;m:l,ﬁmaa ABE20 16
adra Usznaunumsiaianusauuslalunisg
izmm‘i”mamaaﬂaaaﬁﬁwauag’lu ABE20 ‘ﬁ'go
nids Famiterialdiie Cooling Effect 184
aqmwn“ﬁmﬂlum:uaﬂgu BIFINARDNIIRARIVOI
SATIMNTIZAL G BILT BN RILR N THANLT BLNES
AUaInT@ (Vaporization and Mixing Process) [6]
anaaInanan3s1n13i1UfAsoa i lnd
(Chemical Reaction Rate of Combustion) Tyga

\Sudun139aszia (Auto-ignition Process) [7]

3.00
g N
2 C
2 250 F
@ [
g C
s 2.00 F
- ' -

— —
s = C
e £ 150 [
c (c, N
c -
= 100 [
= -
c C
¢ C
33 050 F
= -
33 -
are -
0.00 L

30

AWUNNNAINAFDY [°C]
q u

31 4 szpzmnlunssaniniaTasuud o dudian uwaz ABE20

ﬁqnm{]ﬁ fadnasal 20°C waz 30°C

The Journal of Industrial Technology (2021) volume 17, issue 3.

38

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

gﬂ'ﬁ' 5 LEAINAAINUEWLUAa 9T aINE IR
MInasaUEAINLIASasuuALazI AN dadioa
1781 60 s wudwqm%aﬂﬁﬁaﬂ&iﬁma@iamw
fuilfesionasunninid /o uiiieu iy
o AsTiiaduann 1esanauLanasuas
ANUARLADITaINEINS 2 812z Tanwunandns
nwikasnin 5% Sﬂﬂ%mmnmﬁmL‘uummgm
(Standard Deviation) %JLLB(@WT’JLI Error Bar 283
ﬂgmamm'a:aglislumuﬁmﬁ'u

ﬂguf:l,ﬁaw'mmwuﬁwuLﬂﬁaaL%aLwﬁaﬁ’;uI%tyﬁ
HAINNNSLAWLITa9LAT a9 uMLIuAaN DI8IINa
ladangrsaarinasldiiaiiosud 2.0-25 s
it I mefigransiduiunldinaunnis 60 s
LLa:Lﬂuﬁmwﬁ‘uﬁiwqm%Qﬁmsmmmau
nsaspudnuwidudaudsdranlunisaaisn

:
=

A x> v a o v ' =
W3I8uAaIN laaAUe I naunting agrelsneny

100

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

LfiaLﬂéaduuﬁa@lﬁﬂﬁ@uan’éuLﬁuLmLLa’aqm%Qﬁ
UTINMATELLAT B UAITAA A A A a L TE
IRV Lﬁaamﬂqmwga‘i@hm aalu
AT BIUNE 1T qmmgﬁﬁmﬁimﬁu amnnd
ﬁm”um%"awmaamuqmmqﬁﬁamm"lmﬂauﬁw
gdifu S'fiaa:aﬁfumqmm:mumil,mvlﬁﬁ Fawasle
A0 aarias qm%gﬁmimmﬂmaoﬁadmaauﬁa
D19EINANTENULRBILENTa s dan Fw A0
\Haiwdsasmnaseudt luwasfisfiiouoadainds
auifln dudsnaniinadennuiwdaassaings
Lﬁ,aumﬂL%aLw?mLwiamﬁ@ﬁqmauﬂ'ﬁﬁmﬂ@mﬁu
ezl e T NHANT=NUTBILTOLWAIWLTN ABE20
ﬁmiu'ﬂnﬂL%‘yaLwﬁamﬁsﬁmnn'jﬂﬁmalunn
§N1N1INATOUIN 16.6% LA 5.5% RI1ATU

v @
@ AA

qmmqﬁﬁaamaau 20 L&z 30°C MUK NIl

v

NAFAAARBINUAIAINNTEUVEI ABE20 NeNias

ni@LTaaLIN 8% [3]

a4 [g]
3

a

60

= ﬂ“
ADILDDIN

E
AMHAWwLL
I
o
1

B D100 [§ ABE20

20

30

amkuniviasnaaay [°C]
9 u

o

31 5 dananuiwlfsudaindnzninmmeseuaainiaIsssuduatihiudisauas ABE20

ﬁqm,%{]ﬁ A99NARAL 20°C haz 30°C

The Journal of Industrial Technology (2021) volume 17, issue 3.

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

4. d3duanisnagay

nuamMInagaULiaUsziinanuauinle
nIFansnaesniesondiiald ABE20 1T u
L%mwaaﬁqm%nﬂﬁﬁawmau 20°C WAz 30°C
mmmaﬁ;ﬂwavléfﬁwiavlﬂﬁ

1. ABE20 lg3zaziianlunsaaninaniviunin
Aeralunnaniizminasey 1Ha931nuaanagasn
nanln ABE Sendinmwiniueindiuazainnusan
WHI284N13TZR B A FIgINaAaNITAN
ANNFINTAIUNNTIIRE IV I T BLWEIUAZ NN
nEuTaIN Rt UINA A88AIUAANIIVNUAIELN
mﬁmﬂm”luﬁ’mL%'uﬁumsqmuﬁﬂ

2. MINAUNYAWBINAFOUANIIN 30°C 1%
20°C {HANTENULANHBD@AMNFINITALUANT
gansasasuud lapenanuliifin 5%

3. ufineu AR S0 T aINEITERININT
naFgaUaAINIASasuAuaLAwILNGaLiaadn
1981 60 s 789 ABE20 9zunnnindimatiiasannd

1A

Araanusouiesniiais uanaunuinlyd
HANIENUTBININNAwLU A0 Tainaede
paMndviaInesauan 10°C
INIUITARIRITINT1E ABE20 1w
FoINAIE TS 0sud AL man W e audases
TWanmmesaufisinnalenslusuaussous M
Tnal vafie wazialiosmwnsvineau agnelsianu
MNHAMINaFaLRLEad A Ui nsle ABE20
wdainasdnadannuaunsalunsaansnues
w3osendairs lagldiialumssaninieniuiu
niidudiwasd19f Toddny ednelsfianw

Toymidausndiudysldlasmsldgunanisan

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

lumia@ﬁ“n LT ﬂ'ﬁﬁl"ﬁ/‘lﬁv’)law'] aznNIIaanttyy
& 2 o o X a &
izUUﬁ@]'ﬁﬂLﬂsaﬂﬂ%@ﬂﬂLWN']‘&:NNT]‘ULTQLW@G%

v & a =S a a .
Lﬂu@u ﬁ]ﬂﬂ?iuﬂjiﬂﬂﬂ’]LWNL@]NsLuau']ﬂ@]@]avL‘L]

5. naanIsndsen @
Iﬂidﬂﬂi?ﬁ'ﬂf:vlﬁ{unuaﬁfuagumnamuﬁ‘iﬁ'a
LRZARIMILAINAAIN RN BATAEaS Useinn
Iﬂiam‘saﬁuwunu’?ﬁ?ﬁLﬂiaﬁ@umﬁfﬂ?iﬂiﬂm
un. Uszdnd 2562 SRALATINNTAY 3-1 29.62 Ua
uuaﬁuag&umu%ﬁ’ﬁﬁugm ABAIAINTINAIRAT

@311 TElATINITIY KUSRC 5010/64

6. LONAIID19DY

[11 H. Wu, K. Nithyanandan, N. Zhou, T.H. Lee,
C.F. Lee, and C. Zhang, Impacts of acetone
on the spray combustion of acetone-butanol-
ethanol (ABE)-diesel blends under low
ambient temperature, Fuel, 2015, 142,
109-116.

[2] H.Wu, K. Nithyanandan, T.H. Lee, C.F. Lee,
and C. Zhang, Spray and combustion
characteristics of neat acetone-butanol-
ethanol, n-butanol, and diesel in a constant
volume chamber, Energy Fuels, 2014, 28, 10,
6380-6391.

[3] O. Nilaphai, C. Hespel, S. Chanchaona, and
C. Mounaim-Rousselle, Spray and combustion
characterizations of ABE / dodecane blend in
comparison to alcohol / dodecane blends at
high-pressure and high- temperature

conditions, Fuel, 2018, 225, 542-553.

The Journal of Industrial Technology (2021) volume 17, issue 3.

40

http://ojs.kmutnb.ac.th/index.php/joindtech



-

MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

UNAMNITY

(4]

(3]

6]

(7]

H. Wu, K. Nithyanandan, J. Zhang, Y. Lin,
T.H. Lee, C.F. Lee, and C. Zhang, Impacts
of acetone — butanol — ethanol (ABE) ratio
on spray and combustion characteristics of
ABE - diesel blends, Applied Energy, 2015,
149, 367-378.

K. Komanee, S. Chuepeng, and O. Nilaphai,
An experimental investigation of ABE-diesel
blend on performance, combustion, and
emissions in a compression ignition engine,
The 11" International Conference on
Mechanical Engineering (ICoOME 2020),
Proceeding, 2020, Art. No. AEC0002.

A.K. Agarwal, A. Dhar, J.G. Gupta, W.I.
Kim, K. Choi, C.S. Lee and S. Park,Effect of
fuel injection pressure and injection timing of
Karanja biodiesel blends on fuel spray,
engine performance, emissions and
combustion characteristics, Energy
Conversion and Management, 2015, 91,
302-314.

O. Nilaphai, The effect of acetone-butanol-
ethanol blended diesel fuel on the engine
stability of a single cylinder diesel engine,
The Journal of Industrial Technology, 2020,
16(2), 89-103. (in Thai)

(8]

(9]

(10]

(1]

[12]

(13]

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.09.003

A. Jamrozik, W. Tutak, R. Gnatowska, and
. Nowak, Comparative analysis of the
combustion stability of diesel-methanol and
diesel-ethanol in a dual fuel engine,
Energies, 2019, 12, 971.

G. Hernandez, Combustion studies for high
speed direct injection diesel engines under
low temperature cold start conditions, Ph.D.
Thesis, Departamento de Maquinas y
Motores Termicos, Universidad Politecnica
de Valencia, Spain, 2012.

M. Palanisamy, Characteristics of cold start
of a diesel engine using Jp8 and ULSD
fuels, Master Thesis, The Graduate School
of Wayne State University, Wayne State
University, USA, 2013.

A. Celik, M. Yilmaz, and O.F. Yildiz,
Improvement of diesel engine startability
under low temperatures by vortex tubes,
Energy Reports, 2020, 6, 17-27.

R.B. Gupta, Cold starting of IC engines,
Defence Science Journal, 1988, 38(1),
77-85.

A.S. Ramadhas and H. Xu, Intake air
heating strategy to reduce cold-start
emissions from diesel engines, Biofuels,

2014, 9(3), 405-414.

The Journal of Industrial Technology (2021) volume 17, issue 3.

41

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/jind.tech.2021.09.003

-

UNAUINY

[14] http://climate.tmd.go.th. (Accessed on [16] G.F. Xiao, X Q. Qiao, Z. Huang, and
23 July 2021) Z.P. Chen, Improvement of startability of

[15] A.S. Ramadhas, H. Xu, D. Liu, and J. Tian, direct-injection diesel engines by oxygen-
Reducing cold start emissions from enriched intake air, Proceedings of the
automotive diesel engine at cold ambient Institution of Mechanical Engineers, Part D:
temperatures, Aerosol and Air Quality Journal of Automobile Engineering, 2007,
Research, 2016, 16(12), 3330-3337. 221(11), 1453-1465.

The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech

42



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.10.001

’

UNAMNITY

o £ Aa o Y a LY
nsnmwIminannwnslasulasgiwddaaiiasiadaulane

(373 6 ¢
uiga1sUawlanoanlsa

2

NWANT qassmi’wmu%‘“ ATONA NWIRNND' 53108 8111 Az qiifﬂ uuna"?

o

"aunaluladmaRun@ariauszumanod, anmaluladfomanamu, swinmaoinaluladnosaatyys

o

a

2 6 o WA' 4 [ 4 o I I ad a o I I A =
f]milu’](ﬂﬂ‘i‘ﬁJE]E]ﬂLLUULLawﬁE]ﬂE]uL’)E]SLTﬂWYI, ATUSLNA LR FDRNININT Y, UATINDIRUINA LU aili']“ﬁ&ldﬂaﬁm‘l{i

(]

’ E’ﬂi:mm’mmmm‘i (Corresponding Author), E-mail: surachai@rmutt.ac.th

NTUUNAIN: 25 NINHIAN 2564; TUNNUNIULNAIIN: 27 FIWIAN 2564; IUNNAUTULNANN: 3 NULNLW 2564
Tufiupunisaulatl: 13 aaau 2564

gy ¢ A o =

UNARLD: IWITYIDIRTINDUTTRIANONA W AT NANN N WASU sl asNaNITaasIagan laens

o

=S a & A

&V 6 & & v A a a a val
LLﬂﬁﬂ'ﬁ'}JauvL(ﬂE]E]ﬂvL‘]jﬂ I@] PRUNNUNTHAH Usznauaay LﬂE‘IE]I‘lTL@ElllL&l‘Yl’]-ﬂ‘i‘UE]aLWE]LWﬂLﬂ%a’]‘il‘Iﬁﬁ

= ¥

"Lamaﬂ%mﬁamagiamf}umw@ mvlﬁﬂi:ﬁy,fluﬁaww navrases wazlaaunlalasanasuaiuarn

'
A

AN IasAN B IT TS BN AN RNLAL AN VLT NTUVBIRNTIATNA19NK 3 J2AU Aa 6, 10, LAz
' ' 2 o ) = . K2 A € ad a A & a
20 dudaniafasdruansda wanudn ninAunusaaduiiiiuiwslasiidinisganiuuaidgga
A ' a & A A ' oA & &
71 588 wilwiuas uazazdas o wWisuudashhidufiniesadsdaiilasauauysaindnisgananuad
434 wlwwas Waldsuudaasueulasanlodseuas 100 lagyUsunas (Muak 1 U13) atrsdaiitas
laid1n3n 60 Fufl Qusn1iede) lagninNuwRNdaiunanvadnfelodouiuni-ASToatnalng/
a A a A ' ' A o ' a a o o
nfrasan/laasendiafiaiaglas 71 10/300/100 drudaniisiosdiuamsbaauninfouddiouia
asuanlasanlodlanieluiia 30 Jud naft WedsasninAuW i luanneiaimasss (@nududu
vasuizaandlausasas 20.9 lasdsunas uasuiaasuenlasanlodsasas 0.03 lasUSunas) ninAuw
dl = s = a :j a ] T a a = é £
anffvuuwdasinduanfmdeshhiduiinidudisnmolunalifiu 20 3wl Sesunsndszondlsidu
winfuniwiunsanaseudisuiaaiuanlasanladld wananiu naguandduisdsznis ldud
A - a o & ¢ A o 2 A € = v &2 A €
A& dranunile uazaniwianshiuduidewdsvasmiiniuw ufisuwinenisdandldninAus

[

TR Lﬁamsﬂizqnﬁ“lm”luammﬂ'avlﬁﬁmm"lﬁ’luuwmmﬁaaﬁ ol

[ ° o s dq‘w &V 6 &€ A v = a a =3 a 6 s .:ql'uz =3 a 6 o
ﬂ’]ﬁ']ﬂiy: G]?“H’J(ﬂLLﬂﬁﬂﬂS‘]JﬂuvL(ﬂaﬂﬂvL‘Hﬂ; RUDUNLOY; LUN-AITDALWBLNR; RWUNWUNAIDIA;, KUNANUNNY
mMydaanulas
The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech

43



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.10.001

-

The Development of Dye-based, Anti-counterfeit Printing Ink

Detected by CO,

Kanpicha Suwannawatanamatee”?, Pichitpol Phromtaw', Taradol Archa' and

Surachai Khankaew"?

' Program of Digital Printing and Packaging Technology, Faculty of Mass Communication Technology,
Rajamangala University of Technology Thanyaburi (RMUTT)

2 Innovation Design and Convergence Media Center, Faculty of Mass Communication Technology,
Rajamangala University of Technology Thanyaburi (RMUTT)

" Corresponding author, E-mail: surachai@rmutt.ac.th

Received: 25 July 2021; Revised: 27 August 2021; Accepted: 3 September 2021
Online Published: 13 October 2021

Abstract: The objective of this research was to develop the anti-counterfeit printing Ink that could be
detected by CO,. This ink was consisted of meta cresol purple sodium salt (MCP) as a dye,
hydroxyethyl cellulose (HEC) as a blinder, deionized water (Dl-water) as a solvent, and glycerol (G) and
sodium hydrogen carbonate (NaHCO;) as additives. The concentration of MCP was studied at 3
different levels which were 6, 10, and 20 parts per hundred resin (phr). The results showed that the ink
revealed the original purple-blue color at the highest maximum absorbance (Abs,,,,) of 588 nm. The ink
was then gradually changed to yellow color with the Abs,,,, of 434 nm when it was exposed to 100% v/v
CO, (1 bar) continuously for at least 60 seconds (in the closed conditions). The ink color with the
MCP/G/HEC ratio of 10/300/100 phr could be changed by CO, within 30 seconds. In addition, when the
ink was left in the laboratory conditions (O, 20.9% v/v and CO, 0.03% v/v), the yellow ink was
continuously turned back to its original color, purple-blue, within 20 seconds. The ink could also be
applied for CO, detection. Moreover, some of the properties which were colors, viscosity, and surface
morphology of the ink film thickness, as well as the future possible applications of this ink type were

reported in the research.

Keywords: carbon dioxide indicator; pH dye; meta-cresol purple; indicator ink; security ink
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lWwan18d (Queen’s University Belfast, QUB) ‘Lo
Wanlduwaadnldddanlnuasug (Thymol

Blue, TB) tJua17lwd uazldianaszia9n
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wanluiionlaasan'lad (Tetrabutyl Ammonium
Hydroxide, TBAH) tuansiwiWas (Buffer) §1wu
aTamauNITazasvaLian1svanlaseanlad
(CO,) Tusiinde Gawusn Asuasnargnno
wWasuudssdansilidusmdeadefaaa
WuTwedLia CO, NINNINKIaINUTasas 5
Tasdsunas [7] Gesiuiilunssisuaunswaw
u’i’@ns*sui’a@;mm%’i’@ W& CO, (Gas Indicator
Material) Lﬁamﬂﬁmuamuﬂugﬂmm
muﬁiﬁ'ﬂLéauiﬁaxjuw‘”@um%ﬁﬂﬁuﬁﬁmm’m
wasuildanuia co, lasardunanmInugiu
nFdaudias (pH Dye) Taidanlfindealadoy
LWN1-AITOALNBLNA (Meta Cresol Purple Sodium
Salt, MCP) A 729n 151 fsuutasdfuauuas
Qmauﬁ@’[umm:mﬂﬁﬂvl,@i”ﬁl,ﬂumﬂﬁﬁ SwWnuENs
e Tasdnmnaln ussdaseidnadadanms
Wasnulssddaouia Co, Vil Lﬁia&!am”dms
UszgndlflusnuocvsswinRaiunngaeuen
uITaAmal uazaanInanaseylddisuia co,
anuEuguannsrnelale iauﬁ{uﬁiagmf{l
IR I I B TS NIRTZU NIRRT
wanzauLazanan Iz nd ludnEmzraIM RN
Awmsdaeuudasliuamaadall

P o : R A e
A139N 1 2AMNFINVAIRINNIAN NN TURULLSY
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2. ABMIANRRINTWIVY
2.1 nMsessanannannwn1slaaaunilas
wisnlapsiadan indeladsuiani-asoas
LNBLAR (Meta Cresol Purple Sodium Salt, MCP,
C,H;;NaOS, CAS No. 62625-31-4, Sigma
Aldrich) NENAURITAZANY 0.7 M aadlaifen
lalasiauarsueiua (Sodium Hydrogen
Carbonate, NaHCO,;, CAS No. 144-55-8, Sigma-
Aldrich) @ u@2an8iTasas (Glycerol, G, C;HgOs,
Sigma Aldrich) LLa:‘I/{’le‘%/ﬂS:’ig (Deionized Water,
Dl-water) Galidnaslia srstwias saiasw
SNWNAIRAN LAZHIYNAZaNS AUEIGD 31Nt
nanltigniudinsaananszu i an i
(Magnetic Stirrer, Yellow Line) ag19ieae 10 N
wioauninvesnanazwitafioann aasua
Wiuarsazanplaasendefiawaglas
(Hydroxyethyl Cellulose, HEC, CAS No. 9004-62-
0, Sigma-Aldrich) Y88z 5 lasHi1win LaznIu
nEuRaLHasanaintos 15 wift 9 laninRuniu
n13Usanudaig1uddoniias (Dye-based, Anti-
counterfeit Printing Ink, ACPI) laglunisiasowle
WA LY RISAINEINTZNINIFIT IR Fuas
saudsznausng 9 AldanmeIanTei 1 delui

Functions Chemicals Volume (g) Ratio (phr)
Dye MCP 0.1, 0.05, 0.025 20,10, 5
Plasticizer G 1.5 300
Binder 5% wt. HEC 10 100
Buffer 0.7 M NaHCO, 1 -
Solvent Dl-water 2.5 -
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221538 MagvdaInIunagaunstlasn

= =~ a 6 o
udasdvasninnannwnIsUasnulas

ROARINAUNW ACPI adumwHwATzandaalad

YUNA 2.2 X 2.2 LTUALNAT UITanmh 2-3 Kea Ladvin

A & ) A A A &
MaaRa UL WA AUUI9G81ATB IR BIN T U
(VTC-100 Compact Spin Coater, MTI Cooperation,
USA) 88N ni1wua 1 aasunanas o
o ' R A €4 A = [y &
e ndnWun i auuunIzandsuivany ol

v & e v dl
laslwminusnsn i luan1iziainasss NUaaauas
L% WATWAY (25 a9ALTAITUR WAzANNTURNANT
ldiiuseuar 60) Aaumsldanu

798 MTLATHNAID LI NONAFAUIANIZNANT
a 2 A €0 v A A <

WIBURANNUN Iitasoulasilasnnlaininus
JAULALLIANUANAIING balA 1,500, 1,700 WAz
2,000 5aUABUNN WazNLIaN 30, 45, 60, 75 LA

90 U

a '3

23mM5anzdnIsaaninusiiuasnlnian
nwnsdasaudas
@‘i'n,ﬁuﬂ'm”@wa@i'lﬁimﬁl’ﬁméaagimﬂﬂimimm
§ima3 (UV-visible Spectrophotometer, Perkin
Elmer, Lambda 365) Lﬁai’@"ﬁwmsgmﬁuumﬁ
(Absorbance Spectra) 28390388 19RANAUN Lag
RINTBIATIIANE1IAAWUET 400-700 W 1n
WAT WAZILATIZRAINITQANAULFIRGIF
(Maximum Lambda Absorbance, Abs,,,) Lﬂi )

Uszfiuanuucivasndnnun

2.4msnagaunisdasuulasiuasninian

nwnsdasauidas
FAnNIIaRUNATNVRIRINAUN ACPI Ve

NGB (=0 wI7) ua239Usesufia CO, Naw

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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Wutwasfisesas 100 laglUsunas A02106%
1113 luannzamnniniugu 25 aseoados
LAZAINNTUTURNETauas 60 I lnaruigng
qﬂﬂmiwﬂaaumimﬁﬂuuﬂmﬁmamﬁﬂﬁuﬁﬁasJ
uiis (Gas Cell) fidanwoidunaosszuvda fzas
Dadwivaanisetelasrusuniiniuwauds
ﬁ'uuﬁ”aﬁagmﬂuﬁmﬁﬁa wazBneudaasse
nazanla lanldsesiuladroduasvasgdnanl
Tale %aﬂi:qﬂﬁam Khankaew uazatws [8] 493
é’ﬂwmm”agﬂ‘ﬁ' 1
lapddesldufalnanugunininaseuidu
1anag9ay 60-180 Funfl tWaldninAuwyin
Ujfssnfuuizausuy ol (wIoawdAnuiatng
suyoh) Iniu 59vinnsTanasmel Ao ud
awgsrﬁﬁmammm'sﬂﬁmm 400-700 W1 I ULNAT
%msﬁ:ﬁmsmﬁﬁmmawa\ﬁ;@ Abs,.,

gasin

r =

gasin

0
gas out

O ——{i

(a)

(b)

311 1 (a) anwaszd Ut uaz (b) anwae
v v 6 d' a
muﬂmqﬁﬂsmmaaumsmaymmmmaa

2 _ A 6 &
RUNNUNAIBUNT
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2.5NIAdaUANLIAZaInANANNNIwNITUaaN
wilad
2.51 NMIIATITHAIRLAZAMNULANAIIR
W3sNaatIninAunawITmnasonly
Faf 2.2 w13l uduntsneaIngnsNesadn
flunuIa RGB (Red, Green, Blue), CMYK (Cyan,
Magenta, Yellow, Black), LRSANIAH L*, a* e
b* Tanlfin3893AenS (Spectrophotometer, CM-
3700A, Konica Minolta, Japan) Wwanlda® L*, a*
LAz b* WINITAINNULANGAIIRTIN (Delta E,
AE, %58 Total Color Difference, TCD) | & @ 4
FUNT (1)

TCD =/(Li —L? + (a; — )2 + (b; — b3)? (1)

lagdl L* AupfIdradTNaingg
(Lightness) 1 a* nu i1 utduFua
(Redness, +a*) Waz&Ll87 (Greenness, -a*) WA
a1 b* nunefannududiniad (Yellowness, +b*)

LazENLI% (Blueness, -b*) [9]

a '3

a € 1 =1 =
2.5.2 N1SILATITHATANNKRIBAYDIRNNNAN
nwn1slasauilas
; - 4 a4 X
WOI9INRANANUN ACPINaToudulu

[
Ao A

w3 WuniinAuWines (Liquid Ink) @94
wndnssumswasuuiianeifion (Newtonian) #i
Basanunitaas i fowudasaunnududon
(Shear Stress) LAZOAILRO (Shear Rate) 24
gursatanunianuylafinn@n (Kinematic
Viscosity) 16 Tasldiioiaanunilavasosiiu
(ZAHN Viscosity Cup, EZ®, No. 2, (ASTM) D

4212, GARDCO®, USA) [10]
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a 6 o n‘l" a v al ¢
2.5.3 N1SALATITHANBBENBHIUWIVAINAN
= a 6 o
nAnNINNwNIIUaaNLL a9
A &a v & & 2 A & A
NITIATIEARIRUNTUNSNANNAUWLN D
Anwianuadiavonazanwmelsing luszau
Tulasiwas lagnisiaSaualat1ananNuw ACPI
' & A A °
uniHwntzandaslad annu i ldwdaunasdn
A A o o ’
u3gninalnuvui 30 Adad? LA IZRUAY
ﬁ’uﬁﬂmweﬁsm%aonsw&ﬁnmauﬁwé’wmﬂga
( Scanning Electron Microscope, SEM, JEOL®,
JSM 7800F, Japan) fianud 15 Alalad

a o a 3
3. HANIIVUUALIDNITMNA

3AENIEARNIEENADNITLATINRT AN
RAZAINANNHEADNITRNNN AL T VLD
Wbz
MIUITIULABUNATBIA NN NT U B IRNT LA
(MCP) lundniaw dasuiuaziailunimyu
WMAns @9Uszumnsasanunumsuisuniin
RuWidouny (Dried-ink Film Thickness) 'Le [8])
WA BN NITNTBIA1ET 89N TN L W
wanzandanIWauwuaznIUszgnd g luszuy
NUNW Namms@jﬂﬂﬁuumﬁgqq@ (Abs,zy) WU
Abs,,, fuurliuanas udsduarunuaulinn
@ nanfe Saaasaiaannnudutunes MCP
LLa:Lﬁwa”mi'n,%waaqumﬁ’fm UL
nmiumwgumfﬁ'mﬁm Tasvmeinnuduti
29815 1WEN 10 waz 5 drudanitsdassiuamsia
(Parts Per a Hundred Resin, phr) # dTnwWuw
WRAINAEN Abs, . NINaLABINN

max
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i =3 o ar =S a 6 o
289 15AMYN FMTURINANNNUMIUsaLa9

A 2 A -0 . &
RINNNAUNGIT3@ (Indicator Ink) % N5

A a R A ¢ & Y
wWaskudaeFaaninWuWazinegiy 1) A

v @ & o & &
T UV 2I89AUTZNOLRAN UAT 2) ANURMTURIN
winwuWidudan naafe Nannzdgans niln
A & Ao a aw X A a
ANWzT oMU R uLUaIFSIIU Walanw

v @ & a o A
Wt wwasadndsznavululSuiadinazinnunim
FUNINATNRUN GG [8] Dtk PMNHAAIFUN 2
AW LA DEIITALINTN G208 IRTNNUWH A1

f; L U U A v

AbS ., §9-611 AMWRANMITGU Tanunoflnadn
maaswitassiiasinlulsnudds luumennmsld
NUABINIMIUFIULURIRN SN LI IGD
MIasesey (NYalsn lWlTnud uieRuWAwAY
Unauudad) dragraninAunNndanudutuyed
MCP/G/HEC 1% 20/300/100 phr 398 a8t ud %

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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gufinld lusnefidredrmisuanugudui
TN aIAREINIIuN 9 e dnaan
< X A4 a X @ £ @
n4dt WaRtalasdanannistneds lae
WU g UAIAULANAI9ITIIN (Total Color
Difference, TCD) 284% A NN UN A a N WFVIIN AN
NI UVBIRNTIAR 5 waz 10 phr wazlranusdn
(1,500 W&z 1,700 SaUdawN) wazlianias (30 ua
45 Junl) edandazasdlunaeIounninzas
(@397 2) WU NANANLTITAVGBLIAN 1,700/30
Uae 1,700/45 1 uan122N a1 TCD WEAIAINA
uaneavad Nl nudaynIsia luumen 1,700/30
@ A ' & @ A A
1#dn TCD Nigandn 1,700145 dntias Faidunai
v & Aa ' o @
AWSUasund uazimanzandem i lddszgndls
A2 oA A =
lunsnasash 39ianan1zNaus 1,700 sau
' a A a a o o
gamd Na 30 Awf lwmInasausaudald

2.0
—+-20/1500
—+—20/1700
T 15 4 “=20/2000
c
s8] —e—10/1500
3
;1-0 . —+-10/1700
©
£ -u-10/2000
4
<05 —e—5/1500
—+5/1700
0.0 —=5/2000
20 40 60 80 100
time (s)
3UN 2 ANUFIRUTIZRIINIQANAULEITFIRA (AbS,,,,) VBIRANAUNADAMUTILAZIIN
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A15199 2 ANVUANANIFTIN (TCD) VaIRINRUN

ACPI Mi@38NaI8AMNULTILAZIAILANG1IN

Speed Time MCP/G/HEC (phr)
(rpm) (s) 10/300/100 5/300/100
30 36.12 +2.05c 15.34 £3.08d
1,500
45  34.76 £7.34c 16.45 £2.94de
30 27.57 +2.31a 14.27 +2.73d
1,700
45  25.09 £+5.62ab  17.45 +3.50e

3.2aNHHENITAANARUAILATNYANTINAIT
wasuulasvasninfiarinwnslassulas
WendnAuw ACPI S e uduaa
MCP/GHEC t{lw 10/300/100 phr & 5udwduiin
194429 (Purple Blue) LLazLLamﬁﬂmeLmﬁ@@ﬂﬁu

LRIFIFA (AbS,,) 71 588 w1luiuas at1ITaLIn
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agnalsfiony wudndendnRuwsudaiuuda co,
daiftaadunaagiion 30 517 winfiurazsay
g wapudluidudinios (Yelow) (gﬂﬁ 3) FIuEag
9 AbS Pdunns 434 wilwwas Soduduniie
1ﬂ§:’Lﬁmﬁ‘uﬁagaﬂqmauﬂ@ﬁﬁﬂmusl,ugm'ﬂ”aga
Sigma-Aldrich® fing1inanslasia MCP luea
V‘i'mzmﬂgmf:'lﬁ@h Abs, .., AFIUNII 579 uas
434 I HuaT AUEaU (gﬂﬁ' 4)

311 3 dragandinWuw ACPI flau-nains

Wasnulasdniiaanmssunanuwia CO,

1.2
1
n
09 [ y = 0.0052x + 1.1079
3 e R? = 0.969
£or L e
-]
< o |
06 -
08 -
s 05
3 30 50 70 90
S Time (s)

0.2

0.0

400 450 500

550 600 650 700

Wavelength (nm)

311 4 anumeMIUfswLladRUaInI nRuNAwAURaNwlad ACPI
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v
= a

& a a 2 a &
N9t woanssunsifenulasduasniniaun
a A/ { v ‘4 Q; 1
ACPI 1iatulagnagon MCP Galasvialuiidn pK,
= 8.32 ( 25 avALTaLSua, Sigma-Aldrich®) Wag
CRERELISTEENY ERLED RISIACHTIRTE IR
Deprotonated form, MCP") ldidufinfas (3unia
A -
#3738 Protonated Form, HMCP) FINUIN AT
WundnAuw awldniinAuWluzdlasiaing
NaHCO,".MCP".xH,0
i amida HEC luniinWuWFudaLazga
Fuausuluussoinia lasds1siaSuanw
WANRAN G Lazinda NaHCO, Lua15139 sIWa v
& 6 =3 a 6 & o &V A a
TUNIURINAUNTANUTULAZQATULAT CO, T34
anumunInlunTazanigs (1.45 nivdadag
o a A &
1 25 9ALTALTUR) LAzl RUUTNINTBIANNTY
wunsaansuadin (H,CO,) T9ganaliFTan MCP
A ‘:f a oA a X < &
waguidugdnsauazusaiminiaswaiu nyi
\#%8937n NaHCO, fiwmshidusnsissdjasennis
o X A a ' a
gafuauTwluszuy Sefinadansifougdues
=3 a 6 1 = )
winfunsznivannaasnaanuniageldidu
vasudsluanwmenavlundraanudu (Phase
Transfer Agent) wazilaunuaiaudsalroanss P
(Phase) Lazdasy MCP unuaat D (Dye) el
v 1 J a L 1 Q
W ladneds WaANTINAINENATAINITOURAIAS

JUMT (2) dio i
P*D~.xH,0 + CO, = P*HCO5. (x — 1)H,0.HD (2)

INFUNITITAUIN UGNTe1annsnidfon
navulUunle uazdasddsznavvasiuazuia CO,
duadpnrildydvesniinfuwidfaowduaniaz

Y :’ 2 & '
nia I(ﬂ UI‘HINLQQQ"H BIBILRSHNTFAUBINUILY
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u'i'@mﬁuf:?iaﬁmmLﬂuvl,ﬂvlﬁgaﬁazﬁ@umlﬁ
aavauasdamInnasevldeslatiuasufs Co,
dunauniele asnelsAany anududuses co,
s dnalasassdasnsnslumadaswilasd 7,
8, 11,121 3988 9A210UAN@19F328 (TCD) 7

WAUIZRUADNIINITHIAINUANANAILANG

6 o
3.3 dnUnvaIninNannwnsUasundas

3.3.1AFUATANMNUANAITIIN

winAuwW ACPI Aivamnduilandlunuaadng
§ WEAIGINITNT 3 nanfe inAUWRTFSudU
dusiniduaae Sousasen Abs,,, adretatanlu
Funiig 588 w1 luluns uazRanARaINUANET
ugasanadudrinsululnuadns 9 laun -b*, B
(Blue), Waz C (Cyan) ﬁﬁ@hﬁiau%aga JINNIH M
(Magenta) sugasnnuidndainsuasens Tuums
MdeninAuWldsudaiuuia co, (3auaz 100
lasd5u103 Auan 1.0 U3 tuateg1tay
60 Su1fl) asugaadudinios (Yellow, Y) Fefdnd
+b* ez Y @iau*’ﬁwgo wasLiamaNsIIAIAw
LANE9ETIW (TCD) 2zWun ¢ TCD 32mineiin
Gudasuazdnaesdantle 82.03 6.43 Tougeaiie
ANUUANAIBENITALABIBRIANTALENLLE laa2
alan [6] A9anT97 3

3.3.2 A1AANBAVDINANNUN

WinAUW ACPI NS A ududuues
MCP/G/HEC 11 10/300/100 phr Senamamiia &9
1AMBIEIaANNRIaUaI T AR W1 31.50 LU~
faland (Centistoke, cSt.) %dagluﬁadm 2461ANN

RANANZRUALTZLUMIANNNTIIS (Gravure)
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A wa R A &
MN19199N 3 FNUAVaInINNIWNWNITUaanwlald
(ACPI) 1#@ 10/300/100 phr NLAILUAILAIINLTL

1,700 S2UGUIN LATLIRT 30 IUN

A Busiae fndog
(3aGu) (Lﬂﬁﬂua&lymi)
L*, a*, b* 63.00, 18.20, -43.80  93.60, -7.60, 27.80
R,G,B 149.20, 140.00, 235.60, 239.00,
233.80 178.20
C,M Y, K 44.40,45.40, 8.60, 1.80, 36.40,
2.00, 2.96 2.40
TCD 27.57 +2.31 82.03 +6.43
(L*, a* b*)  (MuunuEnIzans) (FourLFisudu)
Abs 588 W luluaT 434 I IWNas

'max

uaztWanlonsn® (Flexography) [10] atinglsAana
\ A & L o wn
Aanunitavasmlniuwaziuagiuguantiaves

& (% 2 A & o @ o &
asasznaunantundnAunidudian asuu wan
daansin sz ndltlunuinwszuuan
JeuURNUWeaWLwa (Offset) B30Tz UURIWANTH

2 N o

(Screen) TarduniinAuWdunita (Paste Ink) 34

=2 PN & A '
ATANEILaz NI TMaIAUsEnouN Iz anlwl
A <&
ana3g

[ a U S _ A 6

3.3.3 ANHMWLHIRHIBANNIN

TUNINRANANNN ACPI FanumueAIntinNSyy
wWaR T s e IwumeNidaniiagauais
ndeIanIIARdianasauingivs18gd (SEM)

1 dl o L ] <
WU N89v81Y 1,000 L0 §INITONDILAY
FNNAIRTNTURASNRTNANAN LA LA DI TALIN
AavaIinmMIlNnguasaypmermaanilszlne
lapyin adan1sdainis (Adhesion) va3nInTaru

aflawainndy 1.0 lulanuas U 5) natiens
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a &, U a
mmuvlmmﬂmsmﬂwﬁﬂmaam&mﬂmﬁa NaHCO,
fanltidusstineslugasniinfunwil nell wa
o \ = . & a R A &
AanaLaaInInY liduitalduiveIni nnuw
A v A A v @

Waury T9913ieananuduTwes NaHCO,
ngufiuld Wesan1izlunsseaniaiings

A 2 v a =2 o &

WROULYAI FIFINR A LNANANLNIZAI T UL 1
2997 Tun1sWauIdosaalNan1Th 3914999
AITANBIANNLTUTWNLANILEY B30TV
Qmauﬂ'ﬁmamﬁﬂﬁuﬁ@”’;ﬂm‘namwiaﬂ‘s:mﬂmi

Wnaudwiialfien (Compatibilizers)

" e—
2.00kV LED

10pm TU-CSEAR 2/14/2019

SEM WD 10.0mm 16:32:23

P o a v R A o
E‘].I‘Vl 5 ANWULHNIVHIRUNNUNNBNIT

Usauulas ACPI

v

3.4uwan9n13Uszena 159w
=3 a 6 o Aa o :;’ v
ninAuWnwnITUsaNwdaslusnuiaoils
nanniUasundasFananinduia9ldidus
WmasdpUJNTe1vesFdean pH nuwis CO, w38

o ° ' A

AR INNIIATINURITUITENAUSININNTA-G19 T3
gwsndrlddszgnduazWawiuianssud

I8 T89 A9t
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3.4.1owmnalulagnisnannwnisdasaunlas
IMNKNAITNUI ANVTUTUVDIRNTIRE MCP

<& & 2 A ¢a a <
LAZANNAUITURANRINANNNLAAINNAINNLT?
souuazm lumInywninouu iudadoidny
@003 137 lun 1T FunuUaIR wanaInww 69
WU mwmﬁwﬁmm:ﬁmﬁfﬂiwLaqamaamiﬁ@
(Binder) LazANNITNTHYBI8IAUIENA VDY 9
RIDENTLANUAIIURTNANN (Additive) 14 FIui

a £> 6 s nl a v
ANMNFNNBTFaaas N ITIURsuLUaIRA 8 [8]
azthi NMINa IR nRIWIsnINANTas e
MuaUJATenuuia CO, NN TUNITzaU
danannela (Ussuudesay 3.8 lasyUSuas
' ' A o ' -

%38 38,000 RINGDNUINIWRIW (Parts per Million,
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Abstract: The objectives of this research were (1) to study the working processes (2) to increase the
efficiency of the oil pipeline parts manufacturing processes and (3) to reduce the amount of waste
generated. The company has problems with the oil pipeline parts rusting and requires an increase in the
speed of the processes of producing oil pipeline parts. The causes of the problems will be analyzed
using brainstorming, Why Why Analysis. Then the working method was improved by applying the Lean
concept, which is a system to eliminate wastage and improve quality by applying ECRS principles. The
production line was balanced, to improve the problems that arose. After the improvement of the rust
problems by coating the workpieces with galvanization, it was found that the original 20.00% of work
that was wasted was removed completely — a 100% improvement. Also, after improving the production
processes of oil pipeline parts, it was found that the production cycle was reduced from 89.13 to 51.61
seconds per item. The production cycle time was reduced by 42.10% and the total production time was
reduced from 289.33 to 177.14 seconds per item, reduced to 38.78%. Also, the number of employees
required was reduced from the original 6 people to only 4 people. Finally, the workflow sub-steps were

reduced from the original 26 sub-steps to 18 sub-steps, representing a 30.77% reduction.

Keywords: Production Process, Cycle Time, Galvanizing Process
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Abstract: This research was the improvement of pressing process in the automotive industry that
studied BRACE-FR PLR UPR HINGE part in H production line. Which found that the average time of
the die setting process was 8.18 minutes per time and the average time of pressing process was 0.81
minutes per piece. Resulting the average production rate was 422 pieces per hour which did not
achieve the production plan at 450 pieces per hour. Therefore, this research aimed to improve the
working method to decrease the time of the die setting process and increase the production rate by
using the work-study with 5W1H question technique, ECRS principle, and the principle of motion
economy. Which designed the new working method for the die setting process and made the scrap
conveyor in process 2 for the pressing process, including changing the new location of hand switches.
The results of improvement showed that the average time for die setting decreased from 8.18 minutes
per time to 5.51 minutes per time or 32.64% and the average production rate increased from 422 pieces

per hour to 474 pieces per hour or 12.32%.

Keywords: Automotive Industry, Improvement of Process, 5W1H Question Technique, ECRS Principle,

Principle of Motion Economy
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Abstract: This research brought fish oil to produce biodiesel oil with the transesterification reaction
process. After that, the biodiesel produced blends with diesel fuel at the ratio of 5%, 10% and 20%
biodiesel blend by volume in diesel fuel. In this context, to study the physical properties and blends
ratios affecting the performance of a small direct injection diesel engine with a power of 6.6 kW. The
experiments focused on torque, power, brake specific fuel consumption, brake thermal efficiency and
smoke. The results showed that all tested blends ratios can be used as normal engine fuel as with
conventional diesel. Increasing the biodiesel blends ratio from fish oil results in lower calorific value,
higher specific gravity and viscosity values. In addition, the engine has decreased torque, power, brake
thermal efficiency and smoke but the brake specific fuel consumption is higher. The results of the
experiment, the BF20's torque, power, brake thermal efficiency and smoke content are approximately
1.5%, 1.3%, 27% and 13% lower than the D100, respectively. As a result, the brake-specific fuel
consumption is approximately 30% higher than the D100 due to lower calorific value, higher viscosity

when increasing biodiesel blends from fish oil.

Keywords: Engine Performance; Diesel Engine; Fish Oil
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Abstract: This research presented the Cr,0; coating and surface properties of welded stainless steel
pipe grade 304L. For the welding, process, the 304L specimen was prepared with a single V-butt joint
and welded by the tungsten inert gas (TIG) welding process. The weld quality was investigated by visual
test (VT), penetrant test (PT) and radiographic test (RT), respectively. After that, the welded specimen
was coated with colored-oxide film by chromic reduction. The structural phase and crystallite size of the
coated film on welded 304L (C-304L) were analyzed by X-ray diffractometer (XRD) and calculated by
Scherrer's equation. The atomic force microscope (AFM) was used for measuring the thickness of the
Cr,0O; film. In addition, the surface properties such as hardness and electrical resistance of the coated
specimens were tested by Vickers hardness tester and digital multi-meter. Finally, the corrosion
resistance of specimens before and after surface coating was determined in extremely corrosive
condition such as chlorinated sulfuric acid. The results showed that the C-304L has excellent surface

resistance properties for erosion-corrosion applications.

Keywords: Nano-film Cr,0;, Welded stainless steel; Oxidation; Surface resistance
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1. Introduction

Stainless steel pipe-based ASME SA312
TP304L (304L) is austenitic steel consisting of
chromium (Cr), nickel (Ni) and low carbon (C)
contents with many excellent abilities such as
mechanical properties, lightweight, and thermal-
corrosion resistances [1-4]. It has been widely
used in piping industrial applications such as
chemical tanks, steam pipe for power generation,
fluid transportation, etc [4-6]. It is easy for
welding and fabrication by various welding
processes such as friction stir welding (FSW),
plasma arc welding (PAW), etc [5-10]. Among the
various welding processes, gas tungsten arc
welding (GTAW) also known as tungsten inert
gas (TIG), is an efficient welding process for
304L which results in welding with high-quality
and high penetration [5-8]. However, the welded
stainless steel has been affected by welding heat
and surface finishing which destroyed the passive
film (stable film of chromium oxide) and
decreased corrosion resistance property [11-13].
Especially, when those exposed to chloride ions
and acid cause corrosion with uniform and pitting
formations [6, 14-16]. Therefore, the surface
properties of the welded 304L need to be
improved before being used in applications under
corrosive-erosive conditions.

Chromic oxidation is a kind of method for

producing chromium oxide film coated on the

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.11.002

surface of stainless steel [16-18]. The chromium
oxide film in different thicknesses can be grown
on the surface of stainless steel and affect the
stainless steel resulting in several film colors [16-
18]. In addition, the coated film can also protect
the stainless steel substrate from environmental
damages [19-22]. Based on its color form and
resistance properties, the surface coating of
stainless steel by chromic oxidation has also been
interested in a wide range of applications [16-22].

In this work, we have an idea of the coating of
chromium oxide on welded 304L pipe (C-304L)
by chemical reduction process of Cr*® to Cr* as
a Cr,0; film to improve surface resistant
properties. The coated film on the C-304L surface
was analyzed by X-ray diffractometer (XRD) and
atomic force microscope (AFM). In addition, the
surface properties such as hardness, electrical
resistance and corrosion resistance of the C-304L
were investigated for considering the possibility of
using C-304L resistant

in erosion-corrosion

applications.

2. Experimental Process
2.1 Materials

Stainless steel pipe (ASME SA312, TP304L)
with thickness 2.8 mm were supported by
KMUTNB. The thoriated tungsten electrode
(EWTh-2, the diameter of 2.4 mm) and filler rod

(AWS class ER308, the diameter of 2.4 mm)
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were purchased from WELDMAX. Argon 99%
product from Pacs Machanic System Co., LTD.
was used as shielding and backing gasses for
the tungsten inert gas welding process (TIG). The
chemical agents purchased from Nabakem Mega
Check were used for penetrant inspection. ASTM
Type | water (ASTM D1193-06) [23] was used for
experiments.  All
sulfuric acid (H,SO,) dichromic acid (H,Cr,05),
zinc (ZnS0,),
mono hydrate (MnSO,.H,0), Sodium hydroxide
(NaOH), Sodium Chloride (NaCl),

all chemicals such as

sulfate manganese sulfate
acetone
(C3HgO) and ammonium molybdate tetrahydrate
(NH,)§Mo,0,,-4H,0) were analytical grade from

CARLO ERBA Reagents.

2.2Instruments

TIG welding machine was obtained from
LONGWELL as TIG215S model. Actual current,
voltage and welding temperature were measured by
multi-meter (UNI-T, UT200) and infrared thermo-
sensor (PROSKIT, MT-4612). The visual test (VT;
Weld gauge, Metric) and radiographic test (RT;
tester, General Electric

X-ray radiographic

Corporation) were inspected as standard methods.

Table 1 Welding parameter for 304L

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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For the chemical reduction process and corrosion
testing, the autolab series, PGSTAT302N model,
was used as a potentiostat instrument. The
phase component of the 304L after chromic
reduction process welded 304L pipe (C-304L)
was characterized by X-ray diffraction (XRD; a

Philips X-Pert-MPD X-ray diffractometer) using
Cu-KOL (7\,= 1.5406 A) at the 2-theta of 30° to 80°

with a scanning rate of 0.2 s™. The microstructure
of the oxidized S304 was characterized by an
atomic force microscope (AFM: ARMFP-3D). The
hardness properties of the prepared specimens
were measured by the Vickers microhardness

tester (Wolpert Wilson Instruments).

2.3Welding and Inspection

The joint of the 304L specimen was prepared
as a single V-butt joint with a groove angle of
60°. The distances of root face and root opening
were controlled at 2.0 mm 3.0 mm, respectively.
The 304L was welded by the TIG welding
process with the weaving technique, at a flat
position. The numbers of weld passes (root, hot
and cover), as well as the welding parameters

with heating inputs, are summarized in Table 1.

Welds Polarity Current Voltage Speed Interpass Temp. Heat Input Gas Flow
Rate

Root DCEN 110 A 11V 45 mm/min 30°C 1.7 kdJ/mm 15 L/min

Hot DCEN 120 A 12V 90 mm/min 65°C 0.9 kJ/mm 15 L/min

Cover DCEN 130 A 13V 70 mm/min 85°C 1.5 kd/mm 15 L/min
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The welded specimen was observed for the
weld quality at the surface by VT and PT
inspections. After that, the inside weld was
inspected by RT with the double-wall technique
using phosphate film (D7 class) and the exposure
parameters of 140 kV, 6 mA, 30 seconds at the
focus to film distance (FFD) of 700 mm. The RT

image was developed by a computed scan.

2.4 Coating, Characterization, and Testing

The welded 304L was cut in the size of 20 x
50 mm for 4 specimens and polished by
sandpaper at 1200 grit. The polished specimen
was clean by acetone and dried at 60°C. The
original passive film on S304L was eliminated by
the immerse specimen in hot base solution (3N
NaOH at 60°C) for 30 min, then cleaned by
acetone and dried at 60°C. For surface oxidation,
an oxidizing aqueous solution was prepared from
the mixing of H,SO, (490 g/L) and H,Cr,0O; (250
g/L). The ZnSO, (5.0 g/L) and MnSO,.H,0O (4.0
g/L) were dissolved in the mixed solution for
accelerating and stabilizing the oxide film [17]. An
(NH,)6Mo,0,,-4H,0 (7.0 g/L) was further added
into the solution for enhancing the adherence [17,
18] of oxide film on welded 304L surface. After
that, the pretreated specimen was immersed in
an oxidizing solution. Each specimen was
prepared at different times of 4, 8 and 12 min.
The obtained specimen was cleaned with

de-ionized water and acetone.
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The surface oxidized fim on the welded
specimen was analyzed by XRD to determine the
phase structure and lattice parameters [24]. The
crystallite size of the oxide structure was calculated
by Scherrer's equation as followed: D = KA/fcosO
where D is the crystallite size; K is a dimensionless

shape factor (0.89); A is the X-ray wavelength of
Cu-K, radiation source (1.5406 A); B is the full

width at half maximum of diffraction peak in radians
obtained from the peak fitting by Pearson 7 function
in Fityk, a data processing software. This quantity is
also denoted as A(20) where 0 is the Bragg angle
[25, 26]. The morphologies of the C-304L at
different oxidation times were also analyzed by
AFM.

Furthermore, the correlation of film thickness
with hardness and electrical properties of C-304L
was analyzed. The corrosion of C-304L was
tested in mixed solutions of 2M of H,SO, and 5%
NaCl [16] by using a potentiostat instrument
according to ASTM: G5-14 standard method [27].
The probes of the working electrode (WE) and
the counter electrode (CE) were graphite rods
while the reference electrode (RE) was Ag/AgCl.
The testing temperature was controlled at 2531 °C.
After completing the testing process, Tafel's plot
was applied for analyzing the corrosion rate from

the polarization curve.
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3. Results and Discussion
3.1 Welding and Inspection

From visual and penetrant inspections, the
welded pipe from TIG exhibited a good weld
without defect and discontinued at the surface as
shown in Fig. 1 (a) and (b). The weld dimension
of the welded pipe was found approximately 10.0
mm width and 4.0 mm convex which was in the
range according to ASME section VIII Div.1 [28].
From the radiographic test, the X-ray images of
the welded specimen showed the two contrast
zones, dark and brighten grey, which was
assigned as the areas of base and weld,

respectively (Fig. 1 (c)).

-~

(c') -

Fig. 1 Inspections of welded 304L:
(a) VT, (b) PT and (c) RT
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The RT image of the welded specimen
showed the completed weld and penetration
without any defect observed at all of the areas.
Form inspection testing results (VT, PT, and RT),
indicated that the parameters of TIG (Table 1)
could control the quality of 304L weld.

3.2 Oxidation, Characterization, and Testing

All surfaces (base and weld zones) of the
obtained specimens after oxidation (C-304L)
appeared as yellow, brown and blue colors for
reaction times of 4, 8 and 12 min, (Fig. 2). It
indicated that the oxide was coated on the
welded 304L as coated oxide product (C-304L).
In addition, it was found that the color of the
specimen had not changed after oxidation over
12 min which might indicate that the thickness of
oxide film on the specimen eventually reached a

steady-state [16-18].

Fig. 2 The welded 304L (a) before and after
oxidation at (b) 4, (c) 8 and (d) 12 min

By XRD characterization, the XRD patterns of
C-304L (Fig. 3) showed the main peaks of
austenitic stainless steel at 20 of 44.69°, 50.97°

and 75.87° according to the crystal structure of
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faced center cubic (FCC) [18]. Moreover, the
XRD spectrum of the C-304L also exhibited both
peaks at 20 of 36.53° and 46.91° which were
implied to the peaks of chromium oxide in form
Cr,0,4 the
structure with JCPDS No. 72-3533 [24]. The

corresponded to rhombohedral
lattice parameters were calculated and found a, b
= 4.69 A and ¢ = 13.50 A which was related to
the kinds of literature [24, 29]. The crystallite size
of Cr,0, was analyzed at 20 of 36.53° and 46.91°
by Scherrer's equation and found to be 4.82 and
29.70 nm, respectively. According to the
changing color on specimens and XRD results, it
clearly confirmed that the surface of welded 304L
was oxidation into the form of nano-Cr,0s.

The morphological surface (average of

thickness and roughness) of the C-304L at
different times of chromic reduction was analyzed
by AFM analysis as shown in Fig. 4. The results
from AFM exhibited that all the specimens of
C-304L consisted of surface roughness around
0.10 £0.01 um. This implied that the increased
time of oxidation had no effects on the surface
morphologies of the C-304L, or in another word, it
could be suggested that the oxide films of different
oxidation times should exist in the same structural
phases. However, the oxidation time influenced the
thickness of the Cr,0O; film on the C-304L

specimen significantly.
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Fig. 3 XRD of welded 304L (a) before and (b)

after oxidation at 12 min

Fig. 4 AFM of welded 304L after oxidation at
(a) 4, (b) 8 and (c) 12 min
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Fig. 5. The testing results of welded 304L and C-304L with various film thicknesses: (a) Hardness,

(b) electrical resistivity, (c) polarization curves and (d) corrosion rate

The thickness of the Cr,O; film increased with the
increase of reaction time. The results exhibited
that the film from the chromic reduction time of 4,
8 and 12 min consisted of the thickness around
5.5, 30.2 and 40.4 nm, respectively.

Fig. 5 (a) and (b) showed the results of
hardness and electrical resistivity of 304L and C-
304L with different thicknesses of oxide film. The
hardness of 304L and C-304L with thickness film

of 3.5, 29.0 and 40.3 nm was measured as

186, 198, 210 and 222 HV, respectively indicating
that the hardness values of 304L surface were
enhanced by the Cr,O; film from the reduction of
Cr'® to Cr*3. The electrical resistivity of 304L and
C-304L with thickness film of 5.5, 30.2 and 40.4
nm was measured as 0.72 x 102, 5.32 x 102, 12.55
x 102 and 15.10 x 102 Cd.cm, respectively. The
result suggested the increase of electrical resistivity
of C-304L when the oxide film was grown up on the

surface of welded 304L.
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For corrosion testing of welded 304L and
C-304L, the polarization curves obtained from the
electrochemical test in NaCl mixed H,SO,
solution are shown in Fig. 5 (c). The corrosion
rate was measured by Tafel's plot and further
calculated by the corrosion penetration rate
(CPR) formula [30]. From corrosion rate (Fig. 5
(d)), the welded 304L exhibited high corrosion
rate (2.629 mmpy) than those of C-304L
specimens with thickness film of 5.5 nm (7.504 x
10" mmpy), 30.2 nm (2.148 x 10 mmpy) and
404 nm  (1.091 x 10° mmpy), respectively.

4. Conclusion

The stainless steel pipe 304L was welded by
the tungsten inert gas (TIG) welding process. The
inspection results showed the completed weld of
the welded specimen (welded 304L) without any
defect and discontinue. By chromic reaction, the
surface of welded 304L was successfully
oxidation to obtain colored film coated on the
surface of the specimen. The XRD pattern of the
specimen after oxidation (C-304L) showed mixed
phases of austenitic steel and Cr,0;. The
crystallite size of chromium oxide was found to
be 5 to 30 nm. The results from AFM showed
that the increased oxidative time resulted in the
increased Cr,04 thickness on the C-304L surface.

From surface oxidation, the Cr,0O5 could improve

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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the surface properties of welded 304L such as

hardness, electrical resistivity, and corrosion
resistance. All the results concluded that the
C-304L from surface oxidation showed excellent
surface resistance for applications related to

erosion-corrosion.
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Abstract: The purpose of this research paper is to study the theory of queuing to be used to analyze
the appropriate number of the service unit, and the sufficient number of customers for the retail store in
the shopping mall. Today, the retail selling in the case of study found the problem that the store has too
many customers. They must be waited in a long line for casher. This might affect customers satisfaction.
The study explains the examples that is more suitable to use are Model queuing length and who use
services to receive services indefinitely (M/M/s: FCFS/o0 /o0). The result of the study shows that the
pattern of customers coming in service and explained in detail by Poisson Distribution with the rate of
service 0.30 persons per minute. The pattern of service for customer at the counter 3 units with the
average number of customers waiting in line are 0.75 persons per minute. The average number of
customers in the queuing system are 2.75 persons per minute. The average time a customer spends in
line are 1.26 minutes per person, and average time a customer spends in the system are 4.57 minutes
per person. The analysis data of waiting time for customers, the average customers that satisfy are 0.59
minutes per person. If changed the counter from 3 service units to 4 service units and relevant to model
M/M/4: FCFS/oo /oo which the average time a customer spends in line decrease to 0.26 minutes per
person, and average time a customer spends in the system decrease to 3.57 minutes per person. This
showed that if increased the number of counter service from 3 service units to 4 service units will affect

the customer to be able to decrease the waiting time and more satisfied with the service.

Keywords: Queuing Theory; M/M/s Queuing Model; Fast Fashion Business; Customer; Service Unit

The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech
124



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

1. Introduction

The glowing of the textile industry and clothes
are very important to Thailand structure of
economy because they are classified as basics
necessary life support. It has a value added for the
products all included as the 4th in the country. It's
below the other industries such as food and drink
industry, machinery industry, and automotive
industry. In 2554 calculated value to 245 billion
bath or 2.2 percent of all GDP and still improving.

The clothes business is one of the end chain
of the clothing and textile industry. The number of
business registered from 2559 to 2560 increased
to 64% value as 281 million baths [1]. It showed
the possibility of growth in the industry. The
strategic used to improve the clothing business is
brand loyalty for that business which the
important strategy is to impress the customer with
the speed of service, and less waiting time. If the
waiting time is too long it will affect the
opportunity to selling the service.

Waiting in line is a part of everyday life
because every prosses have several important
functions. Queuing theory is a branch of
mathematics that studies and models the act of
waiting in lines. This system based on the theory
of the probability which the number of the
customers entering the service and the
performance of the system. The results of this

system showed the performance measure or the

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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performance measurement of the queuing
system, and it will be used to support decision
making to improve the service system or reduce
the work process in the system to be more
appropriate and efficient. It's able to find suitable
services units and make the customer satisfied
for the service.

Today, the retail selling in the case of study
found the problem that has too many customers.
They must be waited in a long line for casher.
This might affect the customers satisfaction. This
problem leads into the case of study to initiate
the customer or retail store satisfaction. The
researcher uses and applies Queuing theory to
analyze the appropriate and sufficiency number
of services to match the incoming customers in
the retail store at one of the shopping malls.

In the literature review studied, the theory and
the case study for guideline of the research found
that they use the theory of Queuing theory to learn
the process, the work environment, and the problem
with the service to use it to resolve the problem.

Jarupong Banthao et al., [2] were analyzed
alternatives based on the results of simulation
technique to provide for servicing patients, and to
reduce the waiting time of patients and their
relatives. The results of simulating those three
alternative showed that the second alternative,
which is adding one more pharmacist for medicine

verification during 10:30 a.m. - 2:30 p.m. provided
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the optimum: the average time of the queuing

system is equal to 557. 13 seconds, which
decreases from the current step by 14.68%, and
average time of queuing is equal to 463.97
seconds, which decreases from the current step
by 25.93% . Therefore, it can be concluded that
simulation can be used to develop alternatives
suitable for real situations under the given
employee condition of the case study.

Thaniya Chanapia and Piriya Putthasri [ 3]
were studied research aimed to know about the
present working status and queuing system of
Bank for Agriculture and Agricultural Co-
operatives. The analysis results of the working
conditions in the current system shows that if the
service counters increase from 3 service units to
4 service units and according to queuing model
M/M/4: FCFS/oo/o0, the waiting period time in the
queue will be 0.2891 minutes/person which less
than the customer’'s satisfied period. Therefore,
Increase the service counters will make the
customers more satisfied.

Nithipat Kamolsuk [4] was studied to analyze
the queuing system at the 7-Eleven branch,
Muangthai - Patthara, with computer simulation to
indicate the optimal server for a daily lot of
customers. The results show there were many
customers during 7:30 — 9:30 a.m. The
distribution of the number of customer is Poisson

with the average arrival rate of 2.42 persons per

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.001

minute; the distribution of service time was
exponential with the average service time being
1. 72 persons per minute and the optimum
number of server units is two.

N. ltsaraphong, W. Jitmongkol, A. Malikan,
P. Toaon, P. Kamlar and A. Chalaingratchai [5]
were studied to analyze the working conditions
and study the waiting system. The current postal
service system and analyzing the number of
service channels that are appropriate for the
number of people receiving services according to
the satisfaction of the service recipients. The
results found that the service arrival pattern of
service recipients is poisson distribution with an
average access rate of 0.3083 people per minute.
There is an exponential distribution with an
average service rate of 0.4062 per person.
Minutes to add service units from the original 4
units to 5 units which correspond to the waiting
line model. M/M/5: FCFS /o0 /oo will reduce the
waiting time for the average service in the waiting
line to 0.4078 minutes, less than the time that the
service provider is satisfied with the waiting
queue equal to 1.4750 minutes.

Mana Promrueng et al., [6] were studied to
analyze queuing systems of a banking case study
and develop a queuing system of services at
different times of a banking case study. The
results showed that the queuing system for the

banking deposit-withdrawal service of the case
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study is a queuing model M / M / 1. It was
reported that the arrival rate of the customer and
the service rate offered by staff are 7.81 and
15.20 person per hour respectively. The service
recipients provide information about the average
desired waiting time to receive services to be
equal to 11.25 minutes.

Nattapol Chaiarwut et al., [7] were explained
about ideas Queuing basic model is Model M/M/1
and Model M/M/S will suggest which to choose
Queuing model to apply to their system and will
show their statistics and explained their results
which are information from Queuing system to
make a discussion to increase more convenient to
their customers for their company system.

Inthawadee Chantaksinopas et al., [8] were
studied to reduce the service of the public health
services at government hospitals with application.
The application is tested at Ban Phaeo Hospital
RAMA Il branch, which found that it may reduce
unnecessary cases by 60% . The relationship
between dropping in unnecessary cases and the
health service time reduction is indicated by using
a queueing model of the hospital, which showed
time decrease from 33

the health service

minutes/person to 6 minutes/person. Thus, it is

Queuing

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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possible to apply this application to improve the
health services in the hospital where the queue

model is similar to the Ban Phaeo Hospital.

2. Materials and Methods
2.1 Queuing Theory

Queuing theory refers to the mathematical study
of the formation, function, and congestion of waiting
lines, or queues. Queuing is happening as in the
waiting stage for the service usually referred to as
the customer, job, or request. The service request is
more than the service could do usually referred to
as the server. The classification of the queuing and
the number of customers are very important to use
to calculate [9]. There are another effects such as
the behave of the customer is the system etc. the 3
basic structures of queuing in Fig. 1 are (1)
Customers (2) Queuing (3) Service facility or Server

unit.

2. 1. 1 Model queuing length and who use

services to receive services

(M/M/s: FCFS/o0/o0)

indefinitely

The rate of service system average A, is
constantly equal to A for the number of customers
n persons. It's used for the problem of Multiple-

channel, Single-phase with the equation [ 10].

O—+00 OO/ camer | >O

Customers

Existing the system

Fig. 1 Queuing System
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UNAUINY
_>O E_’OO
Customers non finite
Existing
—000 _’OE’OO The system
Queuing non finite
_>O Counter 3 I 'OO
Fig. 2 Multiple-channel, Single-phase
Fig. 2 shows Multiple-channel, Single-phase Average number of customers waiting in
model. line in equation (5)
Probability with no customer in the Po(1/1)S
. ) . Lq = Po@/u)° (Lz) (unit/time) (5)
queuing system in equation (1) s! (1-p)
P ! A ti t ds in th
= verage time a customer spends in the
’ s G [0 (1) ? P
n=0 nl st 1—-(4/sp) system in equation (6)

Probability with customer in the queuing

system 1 person, N =0, 1, 2, 3...in equation (2)

n
:M ;0<n<s
A n: 2
Pl _oamre @
= e T E

Ratio time of each services provider works
or the utilization measure of the service unit in

equation (3)
A

— (3)
SK

p=

2.1.2 Performance measure or the performance
measurement of the queuing system
The average number of customers present

in the queuing system in equation (4)

L= W= 2 (Wq + i) =L, + % (unittime)  (4)

1
W = VVq + ; (time/unit) (6)
Average time a customer spends in line

with equation (7)
L

= i (time/unit)

Wa =7

. ™)

2.2 Methodology

The purpose of the study on the retail store,
business in one of the shopping mall, has the
purpose to analyze the appropriate and sufficient
service system related to the number of incoming
customers in the retail store in one of the
shopping mall.

Studying and analyzing the service system

used in that store, studied from the field, survey,
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observations, and interviews from service staffs
about the service system, found that there were 3
service units already and can also be another one.
Collecting the information of the customers,
the customer arrives in the counter service, and
time spend at the counter service. Collecting the
data for 30 customer satisfactions in service.
Analyze the collected data according to the
queuing theory from the store which is the
distribution model, the data of the customers and
time spending of service. Therefore, choosing the
appropriate queuing model that corresponds to

the service system and analyzed for various

statistics.

Example of model (M/M/s: FCFS0/c0)

M = Poisson arrival distribution

M = Exponential interarrival distribution
s = Number of servers

FCFS = Fist come first served

00 = Queuing non-finite or finite

o0 = Customers non-finite or finite

Parameters
A = Average number of arrivals entering the
system per unit time (service unit/time)
p = Rate of service (unit/time)
L, = Average number of customers waiting in
line (unit/time)
L = Average number of customers present in

the queuing system (unit/time)

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.001

W, = Average time a customer spends in line
(time/unit)

W = Average time a customer spends in the
system (time/unit)

Po

Probability with no customer in the

queuing system

Fig. 3 shows the flow chart of a system
simulation with 1 service unit and Fig. 4 shows
the flow chart of simulation of a system with more

than one service unit.

3. Results

From the survey site, found the model to use
in the study M/M/s: FCFS/o0/c0. Today the retail
store in the case study has model M/ M/ 3:
FCFS/oo/oo and 3 units service. It is a first come
first serve. The system supports the unlimited

number of customer. From the analyses of the

average waiting time for customers that is
satisfaction at 0.59 minutes per person.
Table 1 showed that model M/ M/ 3:

FCFS/oo/o0 has average time a customer spends
in line 1.26 minutes per person and average time
a customer spends in the system 4.57 minutes
per person.
Table 2 showed that model M/ M/ 4:
FCFS/oo/o0 has average time a customer spends
in line 0.26 minutes per person and average time
a customer spends in the system 3.57 minutes

per person.
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Customers
Unavailable
Customers
waiting in line
Available
Payment
Existing the system
Fig. 3 Flow chart of a system simulation with 1 service unit
Customers
Unavailable Unavailable
Customers
waiting in line
Available
Available
Payment
Existing the system
Fig. 4 Flow chart of simulation of a system with more than one service unit
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Table 1 Analysis results from the collected data

with model M/M/3: FCFS/Q/0
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Table 2 Analysis results from the data when

increased the counter with model M/M/4: FCFS/ao/c0

Model M/M/3: FCFS/oo/c0

Model M/M/4: FCFS/00/00

Number of service unit 3

Service unit Counter

Average number of
arrivals entering the

0.60
system per unit time

(person/minute)

Rate of service
0.30
(person/minute)

Average number of
customers waiting in 0.75

line (person/minute)

Average number of
customers present in

2.75
the queuing system

(person/minute)

Average time a
customer spends in 1.26

line (minute/person)

Average time a
customer spends in

4.57
the system

(minute/person)

Probability with no
customer in the 0.10

queuing system

Number of service unit 4

Service unit Counter

Average number of
arrivals entering the

0.60
system per unit time

(person/minute)

Rate of service
0.30
(person/minute)

Average number of
customers waiting in 0.16

line (person/minute)

Average number of
customers present in

215
the queuing system

(person/minute)

Average time a
customer spends in 0.26

line (minute/person)

Average time a
customer spends in the

3.57
system

(minute/person)

Probability with no
customer in the 0.12

queuing system
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Servicing of the counter service in detail: 3. The customer gets service, payment and
1. Time starts as zero seconds with no exits the system.

customer in the service system. Fig. 5 shows servicing of the counter service

2. Customer entering the system. If the system in detail.

is unavailable, the customer will be waiting in line.

0 eomr J>00
Customers

Existing
— 000 —PO—POO The system

20 e 200

Fig.5 Service of the payment counter

4. Conclusion and Discussion rate of service and rate of being serviced that

The study of the theory and the research that appropriate and satisfaction for the customer.
applied Queuing theory in the services, there was This research uses M/M/s queuing model to
an unrelated between the unit for service and the improve in the business in the shopping mall.
unit of being serviced. This created queuing. This Found that the model queuing length and who
research is supported the strong point of the use services to receive services indefinitely
business in one of the retail store in the shopping (M/M/s: FCFS/oo /o0 ) relevant to model M/M/3:
malls with elevated a better service. Improving FCFS/oo/ocowith average time a customer spends
queuing system to support the activity and in line 1.26 minutes per person. The analysis
elevated the limit of the sale commercial is the data of waiting time with customer, the average
important benefits in decision making in increase- customer that satisfy is 0.59 minutes per person.
decrease to match the appropriate unit of service When increased the counter from 3 service units

to the waiting time for the customer. To change to 4 service units it's matched with model M/M/4:

the strategy to responds to the requirement and FCFS/oo /oo found that the averages time a
customer satisfaction which is the important customer spends in line decrease 0.26 minutes
policy to focus. per person with 79.37% . The opener of all 4

This research is the queuing analysis. Case service units will create more customer
study of the retail store in one of the shopping satisfaction.

malls. The research study the queuing system
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Abstract: The analog current-mode multiplier is used in the modulator, frequency double, variable gain
amplifier, and peak detector since the characteristic of the current mode integrated circuit is high
bandwidth. In addition, the current mode multiplier must have a low input impedance and the high output
impedance. The previous studies are not designed so that circuit has input and output impedance
following to characteristics of the current mode multiplier. This paper presents the improvement of the
current mode four-quadrant multiplier. The proposed circuit is designed based on the cascade current
squarer circuits. The current mode four-quadrant multiplier is designed that input impedance is low value
with negative feedback. In this technique, the circuit receives the proper input current. Furthermore, the
current multiplier is designed to have high output impedance with a super-cascode MOS transistor. As a
result, the output stage pushes the current to the next stage correctly. Therefore, the current mode four-
quadrant multiplier circuit is designed using 0.18 ym TSMC CMOS technology. The supply voltage of
the proposed circuit is 1.5 V which is lower than previous research. This research is designed in order
to that the MOS transistors are operated in the saturation region. The simulation results show that input
impedance is equal to 106.93 € (f < 1 MHz), thus ultra-lower than other research papers. The
simulation results show that output impedance is equal to 4.45 GQ (f < 1 kHz) which is higher than

previous studies. Also, the output stage can push the source current to the next state effectively.

Keywords: Current-Mode Multiplier; Four-Quadrant Multiplier; Low Input Impedance; Very High Output

Impedance, Super-Cascade MOS Transistor

The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech
135



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

1. N

Nﬁ]iﬂmu,uuLLauzﬁanLﬂmaﬁ)iﬁﬁwﬁzﬁagﬂﬁw
Twnudszuianady o 1w 2993uegLaiaed
(Modulator) [1, 2] Nﬁlimwﬁlﬁmuaa (Frequency
Doubler) [3] 293 7UTUa @ 312818 (Variable Gain
Amplifier) [4] 299 3A2UAN D AT SRRV
(Automatic Gain Control) [5] 742930 323270 @ 1
WBAWAYA (Peak Detector) [6] 2933lATatELszaMN
LULLAUERAN (Analog Neural Network) [7] L8337
AIUANANBINW DT (Fuzzy Logic Controller) [8]
udu minagululdnuluasasds 9 das
filofisanwarmaldom wu dauanudnltom
rwraunaddng lnagas FAUTYYIHAUAG AW
ﬁmﬁwmnmsgmé’mﬂzyﬁm ﬁﬁ’ﬁuvm’éuﬁuwsﬁ@%ﬂ
AN uazAnedwaduiuaus laigeann Wudu a3
anuuuwausiangnuiiseanidusalnuamsrinnu
w33t (1) 29939 URUAUTIAK UAz (2) 2T IUlNNA
NIZUE Lﬁadmﬂﬂwﬁu auavadinaluladdues
889NN uaslsIn IR 8989299 d B IaAa
Mu @Twm@ﬁ g aulnuausIaudadtumaais
PosdypImaaainnes dudunalisamain
FRINFYUIUADFY YIHIIUNIUAAKI (Signal to
Noise Ratio) mm:ﬁaamﬂmimmmmaleiﬁﬁaﬁwﬁ'ﬂ
TwSeswastnunsaisvassyanm asndSanm
FYYIUNITURBUNA LLa:Lm@Tw‘th\ivlﬁ%uagﬁ'u
usaewlniaeg G s mlnuanszuadtodnid
AT UIANAUTIGU [9]

193t lnuanszusgnaanuuyld
VOENIUTaaasrinouluiiusanuua (Weak

Inversion Region) RIDHIWUTIUTI (Strong

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

inversion Region) (61l T9L§% ®I081WINAT HIB
NI UNIRDIEIK) [10-19] NaanIudaiaasrinau
T ILIINTRAN IV RN TIUTRLADIVINI1 LU
douwalann awiﬁuumﬁ@ﬁga AUV DINTLUR
Euvgmga ANMVAALNE UG LLa:mmLﬂm‘%dLﬁuga
2819 I3AANY NORNIIUTALAD TN UL WUTINIIA
a v v U 1 U e g
fiTadaldun w9asldussanlwianigs uaznama
S LENRPRYE awif‘]mmumﬁma@umﬁgﬂ
2aNLUUALlATIFTIIVRINIITNIINFALREST
[11-12] 338 [11] EHRaNNI289399TNTUE
fuilpiAugiuuneanuuuiuanszuaaise
997U TN AU ILNBRNINUTRLADITAALAWLAS
A A % ' o A A o
e dnalirashimansninuienuigld
a o ) g | a A o &
@ LLa:N%ﬂmm@m‘lmamga ANBUNADNNULAS
WA 1/g,,47.10 WAZAILBIANABUW UABGLYINAY
A A ' a o v o
Fogr mwm‘lwgomn Nwidp [12] lasanalsas
o L= & U
NTUANNNIFDY 2 2927 TIDONWUUAILIIITNI VNG
&ﬁsﬁ‘ﬁugmmaammmwigmiﬁmmma 2993
nyzuanIagadltussanlwifuaviany 2v  +
Vv

Dsat

a 3 ] L= A = a
shatdudaanumlalaauagla TafldnBuna

mﬂﬁuvgm amamﬁﬁ’uaualﬁm’m%am E]*ir

a a € 1 o 6
DUNULAUTLYINAY /29,005 NALBVANADVDINIAT
WY 1105 BNANH WITULUT IO L gaann
TmMnIzuaFAtaauIuigniaualy
NI [13-14] 1a2999n3zuainasaa s ug1u
A 6 6 . .
$3829978UA3L383 (Squarer Circuit) N188nNLUY
durargm madunazassnzuaiasesly
vaanudainasrialdudeansmslalaaudide

A

6
LARLAANUNARNIIUTRLADITRALAY TINFN Duw

A a

@
BuRuaudirinny 1/g, uazniaodnaiidaune

The Journal of Industrial Technology (2021) volume 17, issue 3.

136

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

a =) 6 1 s & 1 > ' L%
BuNUAWTLYINNY 1, smvl,ugamﬂ 199309N817 b

e X
WU IHRBIFD (Vpp = 2Vs + Vi)

WY [10] [15-19] HILEUBWITOUNTLURT A2
DALIWABNADIIAINTILANINIFDI WIDIDT
luatea31@n (Biquadratic Cell) 4 1935 ERERILN
m:uagnﬁ%aualmm%’s [15] innsaanuuuly
Suwlwaaawiﬂi:uaﬁﬂé‘aaaﬂ%aam']w%ama%
TRALEW 2 A2 AoaNBIILARIAANLIN D IRII9TT
ULUAIAY EY 29951 TUTIA IWRBIFI (V,, = 2V)

aU aU
'Nmﬁﬁ,uauaﬁmﬁuvg ABNNULAUST YA Y
o A 6 a =) WL 1 A
112G 13 o0y WOEWATAGNNAWABUNUAUT 1A]59 T4
NENNNY g, 4ros/2g,5 9UITY [16] HURWDIIDT
NITHETNRIAIINT ORIV ENIIUTRLADTHIU
HIULTIL Y ns:uafﬁu‘vgmgﬂl,ﬂﬁﬁmﬂml,mﬁuvlué‘a
lﬁﬁummﬁamaﬁmﬁw@ sunaduWuausidd
& A A ' A @
(R = Mygyid2) LLﬂ:LEl’]@W!@IE]ﬁJWLL@]Wﬂ&J &9 DIy
fo, uaam’m%ama’iaﬁamﬂ@aaﬂgﬂﬁmﬂﬂumﬂ
o @ a o A
LmﬁvgmanwiﬂsummaﬂummaU [10] T92997
fadaadltnanmMIasIny [16] nande UDUNG
lFaaeunn R, , @iaiijw\‘lﬁuﬂqmm:@?’uﬁuﬂi:ﬁ;
A A a = o @
WallAounszuadumy Al wusIawluo g
Maawmw’ﬁama%@ﬁmmﬁwm RINA LRI LT WUN
lumia%aﬁ'sﬁmmuua:@ﬁLﬁuﬂi:qmﬂ 2995
° A A A A A A e X Y
mmuwmwngﬂ@ﬂm BunaduNUAUTIROL N
Ry, AN ABNRUAUSIYINAY 1y, 91U398 [17] 1
wanmsiasunszusdunaiduusiauans e
Weanuuwide [10] uaz [16] d1uduwald
vasnudsiaasrialdudaansmslaloauaslaa
2avliswnsnvihnuenuigeld wazaduiuaud

LE]’]@?V!@]VLﬂ ?J(G&I']ﬂ ’]\']"U‘Sﬂ MI%Nﬂﬂ‘SzLLﬁQﬂE]E]ﬂLL‘UU

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

@ mwsmzuaﬁwé’mammLLN@“’uLLuuﬁugﬂ
duaualuinuidy (18] aaﬁlsgﬂaammﬂﬁm@i‘w@
a = 6 1 1 a
BUNUAUT §I (R = Gpsloalos) WAF1BUN @
A a e A o & A o
duNuauSIYNAY R, eldAunlumszinasasunn
Nﬁ]iﬁﬂl%aua"l,&ivlﬁgnaamwuﬁamaam:ﬁau
m:uaﬁugmﬁdﬁﬂﬁmmmmﬁwmvl,aiLﬂuL%aLéfuﬁ'u
NIZUEDUNA 918398 [19] 1hLEWDIIIAANTZUEEA
& A ¢ & o o
0ALTUTILAZMIIAIDALIWN DML T99e3
nazuarnasesiunulitiiodnaduinaudgide
19334AFLAAAILA 1899 INNABUNAD NBBNULLL
draNaanIIndanasdaansmslalaauazda
LLﬂﬁIﬂ@ﬁ'uuaamm%m@ai‘gﬂ"lué’alﬁﬁwawulusiwu
Fauduiahliaunwaduiuaud lidann wanani
maamm%ama%gjﬁhwaa’aoasmzl,l,aﬁ'lé'aaaavl&i
6 @ & 1 v 6 ] a v Qs
awwmﬂmamwﬂ‘ﬁmzLLamegm"l,u LT aEun L
nszua’éu‘vgm
ADINITIF LN HIBINT NNTBONRULIITIAG
A A A ¢ ' o 2 o o =
ANBUNABUNUAUT (R, (.p) lsidnunn 39vinlwa9a36
mzLLaSuvgmmewﬁNa'i"lﬁ'lajﬁ 1NN UILN
' A & A A & ' A
HuaNid1odnaBuiuaud (R ., tagown &
q U

o

ylasinenszusaliivasaunizusla e uidp
c?d Y o s d'
#asldauanisliudinsasgulnueanszuaie
F0AUIUN AT AN R, S10NEI2983VE78 T NAY
A ° ' { o o
R TINANIITNRBILRAITIAT R, NULEUDGN
n’jnaasﬂs:uaﬁﬁaaaaﬁugm 9 1N WAL
[ a 6 v
giasunalaauaaniudainasineanuuuliig
T Roen GREYRIY F92995N U NFUDTNANITINRD
WEAIAINAT R,y NEINTIINIINTZUANAIFD
U

WU 186 1N

The Journal of Industrial Technology (2021) volume 17, issue 3.

137

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMUIIE
2. msﬂ%’uﬂ;a@i'\'éwv!ml,azl,a'w!mauﬁu.ﬂwﬁ

Nwidparmlnuanszuaiaiaausud [15]
AL a a a & ‘9 A o I
fiddunaduiuand (R,) ldd1u1n Teazvinld
nazusduna lnaidn9evld lidun lugruvasen

6 a = 6 a ] 1 v
LANABUNUAUT (R,,) de ligenin danaly
vrgulnuanizuainonizuaandnwe 119y
manaldlalddun 3Fmaudladyniasnaiii
lddaunisdatsavanemsauwnsuLUUay
(Negative feedback) in1ABUNG LNBAAFT R,
TRdnasnnle wazdarsasanuazlaunauluuay

A s A A, Y &
NATALBTANALNBENNAN Rout(em l‘ﬁﬁdll’lﬂ?]%
3 a

2.1 n5U5ul§999InszUAMAIFDIUIL
wAdlAA

aTnzuaidisesuuuuaslangnaanuuyll
Jdn R,n(em@ﬁ'm”al,l,amlugﬂﬁ 1(n) drunTiRa
'mai“umﬂvl,sjﬂé’ULWaﬁaLLaﬂﬂugﬂﬁ 1 () 19393
m:LLaﬁ'}ﬁ'\aaaaLLtuuLmaimgﬂ@iaé‘ﬂwmzﬂauﬂé'u
wwusy [20] Godsnlaassunisa (1)

1

Rincefry = (1)

Imaa + Imia9mai(foarions)
A = A = € v a
W8 Ry AOABNNULAUTATUIUNATEIIIDT
A ' 6 o €
Db a0 AOAINTIUTADUANULAUTYDI M,
A ' [ a 6
W8S My, g, ABAINIIUFADUANLAUTYDI M,
Fop1 ADAIANENUNIUTY YIUVUIALEN (small-
signal resistance) A1HLaN @TV! avay M,, vai
wtpene LN UIWE A, BT ry,, ABAIARNW

AUNUFYYIRVWIALANFIWBIANATI M,

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

l/o1

Map

Vgl_”:

o

31U 1 (n) WasnszusmaIFaLUULATLAGLAZ

@) arveng linauing

AN Ry 28929330 32UaMIRINANANRIG7E
AAI1VNBVDIWVITOUNKY [g,41(Fopr/Fop2)] 3993
nzugfinsIzasnuuuaalaafiiauaasugadle

= ° =
3UN 1 (N) gnINANBaNLULNIIYUWNIZUFTADA

winriwalwie R, dann’le

The Journal of Industrial Technology (2021) volume 17, issue 3.

138

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

2.2 wosntulasnaannudainas

gﬂﬁ 2 (n) LLamsgﬂLﬂaimai@auaaﬂﬂu
Faaaingninaualas [21] nydivivaiavas
guieiuaalasuasniudmaaidanudidiumn
(Rs) aauaaaluzuf 2 (1) gililesuasinide
snwucdannauuuuauyinlwdduiuawd (r, o)

IA = v dl

10 TUFI Tadouldasaunisn (2)

'p,sT1=9ms1b9Ims1c (’osw Df0132 )’os1’os1c )

W8 1y gy ABAIAMNAUNIUTY I HVUIALEN
VUATHVES Mgy G100, ADFINTIUTADUANLAUT
= =) 1 6 a 6

VoI Mgy, 19 Mgy, 9, a1 AOAINTIUSADUATILALTD
VI M,y Fograc AOAIANNANWNIRTTY U AIUNA
LANEMBNANAVBI M,y ros, ADANANINEIUNL
FYYIUVMNALENGUBNANAVDI [y, WBT Ry AD

AIFUNIUAaNU TS

t2 a [
ﬁ]'mma@mamamsgﬂl,ﬂ asunrlaauas
a el A aa & o @
NIMUBFLADITINA 1, gy 69 aﬁmiugﬂmmh
aammmwigmmmaﬁma@LLimﬂﬁﬁ@h Riuer

qamﬂ"l,ﬁ

&

3. ’Jd‘i)i@mrﬁﬂ@lﬂi$uﬁaﬂ’lﬁlﬂLL?%‘YWI‘IZ']LEN%E)

U 3 usassaInszuainAIFaILULUAalAAT
Wiaue Wastszneudiennudaiaes M, i3 M,
A, WaT Mgy 399309na1ndun1singesnszua
A89Fad (M,, 19 My, uaz A,) LLa@alugﬂﬁ 1(n)
uaznIudaiaes My, dsuaaslugdd 2n) w1
sanuuuLAalia993861 R, d1unUaziidn

Rout(eff) (rD,sT1-4) fﬂﬁ yn

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

Voo Voo
Ig1 /32 D D
G —_ G
O—l = O—l MSTl
Ms1q Ms1p M1 S
&
(M)
Vop Voo
/51 /5’2 D
|
MSla Msw MSlc
S
Rs

(2)

3UN 2 (n) gduefueansiudainas uas

u

(1) guiesuaslaauasnudainat [21]

V6ia

MZO [
Mlo
i

:li‘].lﬁ 3 299INTTUEMNAIRBILLLLARIAANINLEE

The Journal of Industrial Technology (2021) volume 17, issue 3.

139

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

ngmim@mma?%ma@LLmﬁﬁﬁuaua@Tﬂ
LLamlugﬂﬁ 4 Fatsznaudmennudmaas M, i
My, Mgy W8E Mg D19 M, ';msﬁﬁuauagn
2NUULAIIVINIZUATIAIFDILLULIATIAAAS
LLamlugﬂﬁ 3 NITUTDUNG iy + iy g3uandi
TAUA X, URSNIZURBUNG iy + iy gaudnilnua
Y, mmzﬁmma’éuwm iy - i, s filnue X,
WRSNIZURAUA® iy - iy sAsanidndilaue v, nyzua
BUNG iy - iy URZ iy - iy gﬂa:ﬁauvlﬂﬁ' M,, , &7
TARHY My, DINTEUF grrp DT BUTNANS

nszua (3) — (6) lenasaluit

iST1=K:b+a(iX+iy):2 (3)
iST2=K:b—a(iX+iy):2 (4)
iST3:K:b+a(iX—iy):2 (5)
iST4=K:b—a(iX—/Y):2 (6)

A oA, P . A
Wa i, AOAINTZUE X iy, ADAINIZUR Y gy AD
ANIZUALDIANAVDI Mgy, @ AU
9
[1/2K(Vpp = 2V )] b 610U (Vp, — 2V,,)12
A o =2 o
uaz K Jeinny p,C Wi2L &3 V,, Aaussaulw
1RE9V092997 V,, Aoussandaliau (threshold
voltage) p, AaA1AINNAGBIATRIlaaNTD

a &

£ o o : '
atanmaulumsmmm Cox ﬁammmgszmw
A W AaaunNINIteItadn1aawnIzuE Las

L AaNUENITITAINILAUNTZUR

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

NFNNNT (3) B9 (6) FaLnaAnldinnszua
isria {IuaT UM IRBIVRINTTURBUNS NITUT
. ° v . . A . =
isra QNI TUETINTIUR iy URZ g, TINTZUR iy &
AUAINUNATINITATWNIZUE gy WRE i NTTH
NITUE iy ANVINUNRIINIZNINNIZUR igp WA

isra Fadeuldasaunsn (7) uaz (8)
2., 2¢(. . )2
io1=2K| b +a (’X+’Y)
2, 2¢. . )2
2=2K|:b +a (’X_’Y) :|

NITURLAANA (i

7)

(8)

) VBINITUANYII AU
: . , A a & o
FEWININTLUR igy WA iy, TITBuFNNIIN (9) 16
aadalii
iy =io-ioy =8Ka iy ©)
out  'O1 '02 XY
A oA , . P
VB iy ADNRIINVBINTIUE igry UAE igp iy AD

NAIINVDINTEUE igr AT igry WRE i, ADNAEA

out

FERIVINTEUS ipg WRE iy

4. N1991809 HANIIINADY Lm:mﬁmstﬁwa

n13318a9

\WNaATIIFOLNIINNUVEII T TR IaALIUT
A o Ao PR (

TAUANITTWINBILEWD 91wl Uk lTldsunTy
HSPICE L Wa31889nN13%11911428973997 tnaluladn
e uuvuduogndvunnatviany
A o @ o A [ &

0.18 ym 223USE N ldnTu tsdnauaniaas
WHLWNLIa3d 10 @ (Taiwan Semiconductor
Manufacturing Company Limited; TSMC) @a131411 1

LROIUWAYBINOENIIUT SO D3N 1T LnI00NILUY

The Journal of Industrial Technology (2021) volume 17, issue 3.

140

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

A A &a o
Jun 4 WITAHNIUFUUUFAIDN LLiuWﬂQﬂﬂsuﬂ'§0

299519 el d Wi B (V) windu 15V
nszuslue s NITUE [y, daMIny
50 PA lpyppg FANAINY 35 YA BT Iy gy A 6N
WU 25 pA 913197 2uRadIUIa
uaamm%amﬁmaaamigmiﬁw@m:ua‘ﬁ'
wLaue

g‘ﬂﬁl 5 ULRAINANITADLAKDINIIANAVE
A Rien maa’mmqmi%mmmaﬁﬁ']Laua NIt

ANNDRBENI1 1 MHZ Ha2BIN1TINRBILFAIAN
) A o '

Rier WML 106.93 Q F9diasninigasgas [15]

U579 1N NIBANNDNINNIIRIBLYINAL 1

a QI J =) v 1 1

MHz R,y JAWANTY wddd1daenindn R, .y

28929939 [15] LI NNBENTIRTRLADITHA )

I3 =S o v Aa Aa L Aa

muﬂ’s:’gus\laaaml%m@mmnmismuwmaa
. o o A AT a

1999 61 Ry WUIHRAIINUAMNATLS Nt

A a & 2 A, a X oo
ANNUDLNNNINVI Rm(em WU NNUUAIL

A191990 1 U390 LLﬂ:ﬂ’itLLﬁ"Had’]d‘ﬂ’iﬂt]ﬂ%ll@ﬂ’izuﬁﬁﬁ’]Lﬁuﬂ

W39AH (V)

W39AH (V)

Voo 15V Vs 02V
Vi 1.2V Vaia oV
VBZ 1V VBQA 05V
N3ZUE (UA) NITUE (UA)
lomiaar Ipysa-a 40 pA Ip maad 50 pA
Ipma-d 35 pA Ipuss 25 pA
[ — 25 pA lg1 10 A

The Journal of Industrial Technology (2021) volume 17, issue 3.

141

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

A9 2 PWANORNTIUTILAD T @G?Gﬁ]iﬂ MI%N@]ﬂiZLLﬁﬁﬁ’] LU

I
aaasgmfﬁuﬁmz LEAAIDALITI

NINWDALADS WIL NIWBALADS WIL
M., Ms,, 1.25 ym/0.2 um Mg 8 um/0.5 um
M,, 4 0.9 um/0.2 pm M 41141 17 pym/1 ym
M, 4 6 um/0.5 pm M 1940 10 pm/1 pm
milulasnaannwsainas
M1, 0.3 um/0.3 ym Mgy s 0.8 pm/0.5 um
Mgipap 0.18um/0.18 ym

NANNIABUAUBINNANMNAVBIAT R0y VO
ngmiwmm:uaﬁﬁ%aua@”@LLamlugﬂﬁ 6
NIAAMNDRBLNIIMIANINY 1 kHZ 61 R0 §

AWYINNY 4.45 GQ ‘Hx‘iN’]ﬂﬂ’J’] R eff) mam\‘lm@m

out(
[15] Uszunms 186 1¥1 nIdhaanuANINnIInse
WiNAY 1 kHz @0 Routef,) AT IWNTENIUTEN1D
WA 23.9 MQ F9ddirinnudn Rouory V892993
A [15] Luaamnuaamwwﬁamammlﬁuﬂszq
[ d' 1 v & o v a d' d' 6
wHaaanna s Sﬁdﬂﬂmnﬂmwniwamamwm
2892997 W2 NUARNINNDY Rouor 390A8AR
IR UNAADUAWEIANA Y0995V

‘Hﬂ’ﬁsﬁ'i"] LU ﬁIﬂ 9l

gﬂﬁ 7 u,amNamii‘haauﬁamqmé‘ﬂwmzma
ﬁ%mauauasgmimu@ns:LLa@Tnﬂmsﬁwu@lvﬂ”
NITUFBUNA f AL -10 pA §9 10 pA Tariiy
nszuEnsIaT 5 WA LLﬁaﬁwmiﬂ*S"umﬂ‘i:LLaSuvgﬂ
i, LG -25 pA fi9 25 pA GouRanTzuaniIae
1 PA IINHANTITINDINDIINITUTIUNA iy Y
SnE U FEwlugIINTIuE i, AIuA 10 pA fia
10 uA WANINI HANITIINOINANITABL EHD
AN HV89299IN LI RN ARNaanrin AL
124 MHz @”mamiugﬂﬁ 8

1,400

1,200

1,000 4 955.18 Q

800

600

Input impedance [Q]

400

200
106.93 Q

— Proposed
....... Ref [15]

Frequency (Hz)

3UN 5 61 R,y VOIWITQANTIUS
u U

The Journal of Industrial Technology (2021) volume 17, issue 3.

142

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

Proposed

Frequency [Hz]

UNAMNITY
5
4.45 GQ
ad
g 31
3
5}
=
8
24
[
o
5
Qo
£
O 14
239 MO
O -
'2 T 3
10 10 10
A
.
JUN 6 A R,

m VEIINIIQMNITUE
U

Iy = 10 UA

lour [UA]

gﬂﬁ 9 UAAIRTY YLD ITHAIITTR A BINTUE
i\ WML 10 pA AMNAWINAD 50 kHz WazNIEUA i,
WAL 10 pA AANELARY 5 kHz NaN1391889
WSANHANTNBQIRAVBINTZU iy UNENTIUR iy

wnewitleimsiemeimenaums R,

in(ef

a o A d a o ao
Rout(eff) PayRITNHURUALN AT LN LN U WIR Y

p WAE

a [ = s '
NHIBAN QGLLG@]GI’H@I'IT]\‘]V] 3 TINLI R,

in(ef

Ao
ﬁ') 1M

Iy (UA)

3un 7 ﬂi'wxlqmﬁ'nwmzmoﬁﬁ?j

M1 R, 1099137 WaE Ry fdganin
R, 10snuispfiiuanelueda WeiSouifiny
a7l 4 LEAINIIIIUIN DU hENTAY892993
leﬁmﬂszua?mamnuﬁﬁgnﬂ%’uﬂga WAZIIT
qulnuanszualuada 29asfiviiaualfussaunl

WREEININNUIIBNEUIN

The Journal of Industrial Technology (2021) volume 17, issue 3.

143

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

’

UNAMNITY

60

55 1
50 A

a5

30 A

25 1

Output current [mA]

20 1

0 T
1 10

Frequency [MHZ]

E‘].Iﬁ 8 Nam‘mauauadmwﬁmaa’ma‘sgm

600

500 7 n

400

200 A

100 7

Output current [nA]
o
s

-200 7

-300
400 U u

-600 T T T T
0 100 200 300 400 500

Time (us)

U1 9 WAAIANIZUE iy WAZ i, VBIIIAT
u u

The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech
144



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

-

UNAMNITY

A1519N 3 mil,ﬂ'%'zmLﬁﬂuqmawﬁ'ﬁmamwigmimﬂﬂmmﬁmamlﬁuﬁﬁﬂwLaua LRZINUIFLNHINNN

. WALADT
INWIVY - — - ~
ANNFIUMUBUNA (Q) ANUFIIUMBLEANA (Q)

[10] R; o1

[11] YImi7 foa7

[12] /29 mr1 011

[13] Y 9me 014

[14] 2/ (91 +29,mp) fors

[15] V29m1a 2 "03a

[16] Rinep)in /2 foc1

[17] 12912 010

[18] Ry Ims'02'05

[19] (1/gm1A )+R13 ImpiopiRsi

[22] YImia Imaao2a’04A

23] 1/ (gmngmnfrOpf ) Imptopf'op
wuana 1/[9m4a +gm1agmA11(rOA11DrOA12)] ImsbImsc Tostb o2 oslostc

P = = [ a e o av A,
M19379N 4 ﬂ’liL‘L]StI‘LIL‘YlEJ‘]Jﬂ‘ma&I‘]J(mIadﬁdﬁ]iﬂm}ﬁ&l@mizLLaNﬂ’Ja@]LLS%‘Y]‘Y]W]LN%@ WREITWIILUNNIUNN

oo WANLADT
I T asanaTWiase (V) aaaemean (MHz) Aiadsaide (W) nalulad (um)
[10] 1 635 40.4 0.18
[11] 2.8 137 521 0.35
[12] 1.2 32.2 630 0.18
[13] 15 300 150 0.18
[14] 1.8 104 180 0.18
[15] 3 413 450 0.5
[16] 2 1,740 850 0.35
[17] 15 460 800 0.18
[18] 15 1,130 470 0.18
[19] 1.4 178 340 0.18
[22] 1.8 62 144 0.18
[23] 2 260 7,000 0.5
WiLana 1.5 124 550 0.18
The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech

145



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

5. unayl
mu?ﬁ'ﬂaﬁuﬁﬂ’]Lauamsﬂ%'uﬂ;mwmm
A va ° A
lnwanszuaiaioausuiliiian R, @1 uazildn
Rotory 89 3AINWIULEUBYNOONULLAINIINT
U aU
v o L ‘é
RN UNILURANRIFOILVLLARLAG TINNT
ﬂ%’uﬂgaﬁwﬁ%msﬂauﬂﬁuLmuamﬁ'alﬁmmm
@Tﬂummaﬁauﬁuwm‘h NIMANNDRBLNITNIB
WiNAL 1 MHz 29938160 R,y d07N aen9lsiana

NIWAINANINATT 1 MHZ 3933860 R, bW

n
&4 . A o a

dMNIU ‘Ij\‘]E]’]ﬁ]‘i]z&l’]ﬂﬂ’)’]’lx‘l"i]'i‘ﬂu’]LN%E]I‘LLE]@‘I@]

’mmsgﬂLﬂa'?uaaﬂiwu%aLma‘?gﬂﬁwmaammu

WITREVDUNTZUAINITDINA R 0y §I NI

out(
A o ' A . @ A
AMNARENINNTBNINY 1 kHZ 2193TTAT R,
F9N FMTUNTUANNANINNTIN 1 kHz 293506
Rout(e

luaﬁ@ ﬂ']in@J‘l«L’]'N’ﬂiQMI%N@ﬂiZLLﬁﬁﬁ']Lﬁ%a

é . | e )
m NARI Fada1Uszu bl YinNU99INNLELD

awmsnﬁﬂﬁ’lmslmiaaml,umamﬂauﬂﬁ'mwé’u
LLUUGUI]’]@]S%V!@ILL@:ﬂ']ﬂLE]'I@TV!@ILﬁE]Iﬁﬂ']ﬂS%V!@]
a 0 o (3 a

VA R 61 WRENIALDIANANAT R o 8

. - &
YULLALING 'N'cn'iﬁwa@auauaammﬁgdmﬂmu

6. naaAnssNUszn @

ﬂm:qfsﬁ‘w 2% auqmamﬁ'u”?ﬁ'ﬁ LRSI %I
YRINENAENTAYUATUTN aRUFRuNUIdY
IﬂiamﬁﬁﬂqmmLflmﬁmﬁaw”@u UIANL AN

8713138541 gj@‘i'n,mmi,mw%ﬁﬂ’li

7.
(1]

(2]

(3]

(4]

(3]

6]

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

1@Na1581999
D.O. Pederson and K. Mayaram, Analog
multipliers, mixers, modulators, Analog
Integrated Circuits for Communication,
Principles, Simulation and Design, 2™ Ed.,
Springer, Boston, MA, USA, 2008.
S. Faruque, Radio frequency modulation
made easy, Springer Briefs in Electrical and
Computer Engineering, 1% Ed., Springer
International Publishing AG, Switzerland,
2017.
A.J. Lopez-Martin and A. Carlosena,
Current-mode multiplier/divider circuits based
on the MOS translinear principle, Analog
Integrated Circuits and Signal Processing,
2001, 28, 265-278.
T. Arthansiri and V. Kasemsuwan, Current-
mode pseudo-exponential-control variable-
gain amplifier using fourth-order Taylor's
series approximation, Electronics letters,
2006, 379-380.
V. Kasemsuwan and T. Arthansiri, Current
mode automatic gain control, Frequenz,
2008, 62(1-2), 25-29.
P. Prommee, Integrable CMOS-based
current-mode sinusoidal frequency and peak
detector, Circuits System Signal Processing,

2017, 36(12), 4937-4962.

The Journal of Industrial Technology (2021) volume 17, issue 3.

146

http://ojs.kmutnb.ac.th/index.php/joindtech



-

MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

UNAMNITY

(7]

(8]

(9]

(10]

(1]

(12]

N. Saxena and J.J. Clark, A four-quadrant
CMOS analog multiplier for analog neural
networks, IEEE Journal of Solid State
Circuits, 1994, 29(6), 746-749.

N. Beyraghi and A. Khoei, CMOS
implementation of a novel analog
multiplier/divider to realize centroid strategy
in defuzzifier block, Journal of Intelligent and
Fuzzy Systems, 2015, 29, 2029-2038.

C. Toumarzou, F.J. Lidgey and D.G. Haigh,
analogue IC design: the current-mode
approach, The Institution of Engineering and
Technology, London, England, 1990.

M.M. Maryan, S.J. Azhari and

A. Ghanaatian, Low power FGMOS-based
four-quadrant current multiplier circuits,
Analog Integrated Circuits and Signal
Processing, 2018, 95, 115-125.

A.N. Saatlo and S.S. Ozoguz, Design of a
high-linear, high-precision analog multiplier,
free from body effect, Turkish Journal of
Electrical Engineering and Computer
Sciences, 2016, 24, 820-832.

|. Aloui, N. Hassen and K. Besbes, Low-
voltage low-power four-quadrant analog
multiplier in current-mode, 18™M International
Conference on Sciences and Techniques of
Automatic Control and Computer
Engineering (STA 2017), Proceeding,
163-167.

[13]

[14]

[19]

[16]

[17]

(18]

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

I. Aloui, N. Hassen and K. Besbes, A CMOS
current mode four quadrant analog multiplier
free from mobility reduction, AEU -
International Journal of Electronics and
Communications, 2017, 82, 119-126.

T. Aghaei and A.N. Saatlo, On realization of
a new high-precision and low-power CMOS
analog multiplier circuit, Elektrotehniski
Vestnik, 2018, 85(5), 248-254.

T. Arthansiri, V. Kasemsuwan and H.K. Ahn,
A +£1.5 V high frequency four quadrant
current multiplier, IEEE International
Symposium on Circuits and Systems (ISCAS
2005), Proceeding, 2005, 1016-1019.

B. Ghanavati and A. Nowbakht, £1V high
frequency four quadrant current multiplier,
Electronics letters, 2010, 46(14), 1-2.

I. Aloui, N. Hassen and K. Besbes, +0.75 V
Four-quadrant analog multiplier in current
mode, 15" International Multi-Conference on
Systems, Signals & Devices (SSD 2018),
Proceeding, 2018, 1045-1050.

U. Bansal, P. Masiwal, M. Yadav, M. Mohlia
and N. Raj, Four-quadrant CMOS analog
current multiplier using frequency
compensation and 1.5 V supply, Arabian
Journal for Science and Engineering, 2021,

46, 9849-9865.

The Journal of Industrial Technology (2021) volume 17, issue 3.

147

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

“
UNAMNITY

[19] R.B. dos Santos, G.A.F. Souza and
L.A. Faria, A novel four-quadrant/one-
quadrant multiplier circuit, AEU -
International Journal of Electronics and
Communications, 2021, 138, 153865.

[20] A.J. Lopez-Martin, J. Ramirez-Angulo,
R.G. Carvajal and J.M. Algueta, Compact
class AB CMOS current mirror, Electronics
letters, 2008, 44, 1335-1336.

[21] J.M. Martinez-Heredia and A. Torralba,
Enhanced source-degenerated CMOS
differential transconductor, Microelectronics
Journal, 2011, 42, 396-402.

[22]

(23]

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2021.12.002

C.A. De La Cruz-Blas, G. Thomas-Erviti,
J.M. Algueta-Miguel and A. Lépez-Martin,
CMOS analogue current-mode
multiplier/divider circuit operating in triode-
saturation with bulk-driven techniques,
Integration, 2017, 59, 243-246.

A. Diaz-Sanchez, J.C. Mateus-Ardila,

G. Zamora-Mejia, A. Diaz-Armendariz,

J.M. Rocha-Perez and L.A. Moreno-Coria, A
four quadrant high-speed CMOS analog
multiplier based on the flipped voltage
follower cell, AEU - International Journal of
Electronics and Communications, 2021, 130,

153582.

The Journal of Industrial Technology (2021) volume 17, issue 3.

148

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmamalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/jind.tech.2021.12.003

UNANIY
nansznuzasmateaasaalaslaananazansin liinanasnice
ANUAVDIW WS ITNYIA: THIIRINGT UATANUALTINANINDORUAL

RAINITUINA BRI NBLD D LN R

o 1

a 4 o A a 6" 4 ana a 5
swITR ANAaIIn’ AkEIK NN’ BT wwawns' uaz #3093 BAI19NT t agsa" >’

u

' medimaluladiaansiueIasduing, Anmapnaluladgamnnys,
uminmasinaluladwszaauinanizuasnile

2 gudidpinaluladmanlnduazwdanunianian (CTAE), inmavmaluladgamnniau,
unminmasinaluladwszaauinsnszuanniie

3 gudiduniIeanuuuLazIfINTINEMILTI DT LAz ITUU M TBLEs RN BT,
uminmasinaluladwszaauinanizuasnile

! ﬂ'ﬁwuﬁ(ﬂizmumummmi (Corresponding Author), E-mail: siriorn.i@cit.kmutnb.ac.th

TWNTUUNANN: 14 NINYIAY 2564; TUNNUNIUUNANN: 14 NU8% 2564 ; TWNABLTULNANN: 20 ANNAN 2564

Fuuouwsaanlal: 22 funay 2564

a 1 a

UNAALD: NBITBAANWALINUNEY aamilﬁumﬂ%aﬂﬂﬂmaqa uaza v liinanasludSanmeng g

[ a

NUADFMIIUWIN LR AN U ALTINRNINDULATARINITUINAD VAILNITITNTA LiNavinTuTue19nuiIved

o3
[ @

foidudamissianusaladosae T,@mﬁnmwwauﬁ'umn%aﬂmﬂmaqa (0.5 Uaz 1.5 phr) Laz
v liiianas (0 4 8 uaz 12 phr) DaadIUan 9 @T’mm%"awaumaLLuuamﬁﬂﬂﬁyd e ldumn
i:mnmﬁmﬂﬂumimgﬂ (tc,o) FA8La3895ladiaasuuuaIuLnis mmfuifugﬂ%umumdﬁamﬂ%iaa
NADAAILAINNTOW ﬁ'lém'mﬁvlﬁmmﬂ%mmgmmmm@aauawﬁaL%aﬂa Adun Armsnudaunssde
FIFA FINNTIAAD T4 90VIA UATAINDAAT) NN OULAREINITLING @Twné”adqamiﬂﬁl,l,a:l,ﬂ%iao
NAFDULIIAIEABLUNUTZEIR ANE1AL ﬁrmmimaaoagﬂvléf'hn'mﬁumn%aNIUdeLaqaLLa:miﬁﬂﬁ
inawad ﬁiaNa@iaé’mg’m‘?ﬂmuazauﬁﬁﬁanawﬁﬁauuawé’aﬂ'ﬁuam“"ﬂuﬁwﬁwgaLwﬁa INNANINARD
aﬁgﬂvl,ﬁdﬂmdgm NR2 ﬁlﬁumn%aﬂmiwLaqaLLﬂ:ﬁﬁﬁﬂﬁLﬁﬂWﬂaﬁﬂ%mm 1.5 W8T 4 phr @N81AU
Lﬂumaﬁmm:auﬁq@éﬂ%%'uﬁﬁLﬂwfumaﬁ'u%"m”dﬂdn LWiﬂ:ﬁﬁ'@mumamﬁamma:gwguﬁmmmu

ﬁwlﬁﬁé’mwmsmmﬁqﬁazg@ LazHla UL TIIFANINOUUAT NAINITLING?

ArdAn: 19sTINI&; MIwawey; aadanloslaana; ssildifenes; Juiu

The Journal of Industrial Technology (2021) volume 17, issue 3. http://ojs.kmutnb.ac.th/index.php/joindtech
149



MseTIvmamalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/jind.tech.2021.12.003

-

Effect of Crosslinking Agent and Blowing Agent on the Properties of
Natural rubber: Morphology and Mechanical Properties - Before and

After Fuel Swelling

Tanawit Park-aut1, Manussawin Kaewtip1, Yotsawee Poonchan' and

Siriorn Isarankura Na Ayutthaya“’ ¥

' Department of Power Engineering Technology, College of Industrial Technology,
King Mongkut’s University of Technology North Bangkok

2 Research Centre for Combustion Technology and Alternative Energy (CTAE), College of Industrial Technology,
King Mongkut's University of Technology North Bangkok

3 Center for Design and Engineering for Railway and Modern Transport System,
King Mongkut's University of Technology North Bangkok

* Corresponding Author, E-mail: siriorn.i@cit.kmutnb.ac.th

Received: 14 July 2021; Revised 14 September 2021; Accepted: 20 October 2021
Online Published: 22 December 2021

Abstract: This research work studies the effect of crosslinking agent and blowing agent at various
concentrations, on morphology and mechanical properties, as before and after fuel swelling, of the
natural rubbers which applied as the self-sealing layer of the fuel tank. The rubbers were blended with
the crosslinking agent (0.5 and 1.5 phr), and the blowing agent (0, 4, 8 and 12 phr) at various
concentrations, by using a two-roll mill machine. The curing time (tcy,) of each rubber was measured by
using an oscillating disk rheometer. The rubbers were fabricated by using a hot-press compression
molding machine. Then, the rubbers were measured the porous content and the mechanical properties
(such as ultimate tensile strength, elongation at break and modulus), as before and after fuel swelling,
by using an optical microscope and a universal testing machine, respectively. It was found that the
crosslinking agent and the blowing agent affected to morphology and mechanical properties of the
rubbers, as before and after fuel swelling. From these results, it can be concluded that the best formula
that proper to use as self-sealing materials was NR2, which was the rubber that blended with the
crosslinking agent and the blowing agent at 1.5 and 4 phr, respectively. Because this rubber has a
proper ratio of the rubber matrix and the porous, as a result, it has the highest rate of swelling and

strength, as before and after fuel swelling.

Keywords: Natural rubber; Swelling; Crosslinking agent; Blowing agent; Porous
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