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uNAnge
Hneuwan (Eichhomia Speciosa Kunth) aunsanelilinanudemelissuuiinelulszinalne 3ala
finsihdnaurunldusslevilugiueg Samadenuisiotuwdndufiedinim Weswndnaund
waglaa lulmsiau wazansensiandusionisviin Tunsfnunilifagusrasdifiafisdnenimlunisudefieg
Fnmilpglduasunnminsuiuiayeins n1533eseauluinismdnuuung lneedenguydunsduuuladly
oondlau figamgiivies Uiuanminaurndmeuauanszezia 40 Yu winswiumseng widnihdnd
’LumimaamwnsiﬂLﬁmzmiuﬁwﬁﬂiﬁmu@iaLﬁaﬂ (Continuous flow Stirred-Tank Reactor, CSTR) W@

AMSENYINUINNITUSUFNINAEBEILANLAEN1TEBED1 T UL saLUS AN A le Anentnlunisudn

o

Mainngeds Segag 40 UseEnSAmNaNaarenIsHaniadInmaInNn1TIdesenItednnuyinIunsusu
anmdadutanuinuaniutanuingiu Adnsdau 80:20 Sns1UTsNNAIEE5BUNSY (Organic Loading Rate,

OLR) 2.5 Alansuvesudsszivedesoau.u.fotu was ssuzia1ininu (HRT) 10 Tu
ANENALY: NNAVYI LAWDIMT NSNARMITININ NsUTuanIw feilinu

ABSTRACT
Water hyacinth (Eichhornia Speciosa Kunth) causes ecological problems in Thailand. Various
alternatives have been made to utilize its existence. One of the alternatives is biogas fuel because

of its cellulose, nitrogen, essential nutrients, and high fermentation contents. This study aimed to
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enhance the biogas production potential using integrated solar radiation and co-digestion with

food waste. A series of laboratory experiments using biodigester was performed in batch anaerobic

operation at room temperature. The pretreatment process was done in 40 days and co-digestion with

food waste. The optimum condition from the batch scale experiment was selected into operation in the

continuous flow stirred-tank reactor (CSTR). The result showed that solar radiation and co-digestion could

enhance the biogas production potential up to 40 %. The best performance of biogas production from

this research will be obtained if the co-digestion ratio is in 80:20 with treated water hyacinth as the

main substrate, OLR 2.5 Kg VS/m’day and HRT in 10 days.

Keyword: Water Hyacinth, Food waste, Biogas, Methane, Pretreatment.

1. uni
w3200 (Biogas) LANDINNTZUIUNITRAN
WielWiAnnisdevaatsaisdunidluaniigly
9NTLAU (Anaerobic Digestion) LUANLIEAY
wigsiulaluaninefimuizay wasdesaans
a150un3g 1du 1Ushu a15lulatnsm wazlagdu
Wasuanmdufiedinin sadusznevresfing
Fanw Usznaumeigiini (CH,) Ussnnusovas
50-75 fpaaudiduigial awisailulHdu
nasnunawnula frwarsveulaeenlas (CO,)
Uszunadesay 36-39 drufiwdodufinvedindug
wu lalatau (H,) lelasaudala (H,S) lulasiau
(N,) waglon Usvunadevay 1-3 dadufeilad
AautAdalnld Inoaauaudisine vesfinedinim
assﬁuagﬁ’w%mm%ﬁwﬁmu 1 gnuIAfLUNS
anunsanawnuufianssuladszana 0.46 Alansy
viowdnlninlauszana 2.086 Alatnddedalua [1]
nsidenTanuinfiimunzdmiunisaanineg
Finmsesiefisesrusenaumaniive Tanmin
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WU MENBUALAWLMBStSIuanaunTuUdy [6] nd
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v ¢

uTanmdngiu (Co-digestion) fiuveudsanyedn?

Wu yadnd iesaniliyeyduniddnuiuuini
s A

Q

UL AURDNITNARLAZTININLGY LAY [8]
¥pud8a1ndnd [9] e dYaINATEUIUNITN
gaanssy [10] agneuveslawidanide [11] 1y
fu

FneUYIn Fonr93nendldns Eichhomia
Speciosa Kunth aduswfienhiinnuanansalunis
wiydulauagveeiufiinduauldegiasns
ﬂjﬁwﬁﬁﬂa%m{]z:wﬂﬁﬁ’uqmmwﬁw nalidgymiu
syuuline Wy nswdeveundai dnmuwndu
fiaffiannutugs esdUsznouiluansdunissaman
aslulainse vSaluvesinaueindlussiugs
Usgnaumevesdessnelaussanuiesay 80 v
Yhweinuss wasdnaunusuna 115 awnseldie
TimuUssun 4,200 aU. 4. n3enauny LPG La
Uszanae 2,100 Alansusialssal [12]

o o o

Fandindmanianmdsldmenisinuns iy uax
Tty lassaranigluusenausie waglaa Ussunn
Sewar 40-60 1adilwaglad So8av20-30 wardniy
Sowaz 15- 30 WulpswainUssaniawmelsindwes
Wumss LifiRsiy Samieiduseiusglelasiou
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feTanm Gan1suFuanmaziatguandinig
nmeanvesiandnluigaglaadinalvgdunsd
annsadansdurddliinniudunisisaase
Tutuneulelaslada Tnonsidaaniu wasied
waglaa anauidundnveswaglaa iiuaungy
vasTanuin LileLiuuszansnnlunisudnfineg
Fanm nedTeiiuanfinsusvaningieis
199 N13UFUNNN18AIN (Physical pretreatment)
WU N1TUA AR [14] N15UTUANINNITININ
(Biological Pretreatment) Imi‘fﬁ’f\;auw%&’j [15] A9
UsuaniuniaLadl (Chemical pretreatment) 14
nsldnsa-ang [16] MsUsvanmmsaiinienin
(Physical-chemical Pretreatment) n13szidnnagle
i [17] nsuSuanndeadulalasion (18] Wudu
msusuvanmasnaniialddnglunsandunisidu
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2. Fumsunsadiuay

2.1. munseuiaguin uaznsUsvanim

Fnnusan anunasinnelusmine deadu-
ASUNIIlsal peasny diulu wazaisu druiusu
ansensilisiauindnas wasanuasuanu
1181 40 T (ndunn 3 Tu) nuinduatesun 1
ulugeunugavai figamgdl 4 ssmwaldea

LAED1115 (Food Waste) annlssannnsaielu
UMINYIAUASUASUNTILIA BIASNE TN1SARKENTN
Aszuugen 1w lHAsugntu gewanadin nazgnuds
Wudu wdFahuidiunsusuanimmesnieninlag
nsun Wusnwlugmuaugumndl feamagdl 4 eam

a
LRLIYA

\Fouusiu (Seed Natural Cultures) 1111910419
ans waznINpznauaInUeninuuuUANING S (plug
flow digester) lusnsndiunay yadniuviantn 500
n3u sengnau 500 N waNt 6 Ans munalAn
fu mifnsmfudnauriuagimve s figumniivies
Junanyssanm 2 dUans

2.2. MIUATITIAIAMANTAN AT

hmslasgimeanuautAaniuaivesianmin
wazidesad 1o Areuunse-ang (pH) nntu
A1USuIeude (Total Solid; TS) wagU3uia
Y094 99358L1e 18 (Volatile Solid, VS) A3l f
(Chemical oxygen demand, COD) n 2 T4 @1
USanamiuouitavna (Total Carbon, O ulasiau
Wanua (Nitrogen, N) A1nsadunidszinedne
(Volatile organic acids, VFA) A1dam1lad A
(Alkalinity, Alk) 910 3 Ju A1UTUIUMgTIN N A
(Biogas production) it wazesrusenaufinaiinu
freiaseuialasunlnnsiil (Gas Chromatography,
GO) 9N 3 TU ATIVAATIEVNINTTUINTFINVE APHA
AWWA, WEE (2005) ez AOAC (1995)

2.3. MSASENYANAALT

nsneaesiiutseanidu 2 yansmeaes Tasnis
npaeayadl 1 Anwndndiuiiinungaudonisudn
faTaniw yansnaaesii 2 AnwiUseansamlunns
wanfedanmludsufnsainudedeauulienne

(CSTR) wanslupnsei 1

A1919% 1 ANTNYANITNAADI

3 REIGER Yagmiin Blabe
NARDY dw
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nsiiafing | uw 40 u 70:30

F101NA287T | 2) AYeIMS
WU U NoE | 3) L aenimu
(Batch)



https://www.scilution.co.th/product/gas-chromatography/
https://www.scilution.co.th/product/gas-chromatography/

A13197 1 ANINYANITIVNNGRB (Gi@)

3 Wvnaes Janwain Gl
VG0N du
w2 |[# n w 1| 1) @neuvairiy | 80:20

UszanSnnlu | n1susSuannaae
ASNAAATY | LAILAAUIUL0 TU
Faaanves | + vemsrden

v

fnaurndiny | du
A1TUTUANINW
Tudaufnsal
nauseLiiaq
wuulieinie
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WANIZANTTUIRNAUYIITHIUNISUSUAN TN

SEazLIan 40 U NULFYRIUNS ABNISANILYININ

¥y v v
&8 o v o

71N15bETLTRFIAY 5888830 VBIUSUINTTINUA

[ o

Inglaagudn wusiuaiudadelaun dnsiussnn

q

a

A192@158uUNTY (Organic Loading Rate, OLR)
szezLa1inNnY (HRT) wazdndiutanmidn (ratio) #a

LRI UANS19N 2

715197 2 A519uUsHUUITE MmNz aNRBASIAAN Y

M
IMTIVIIYNANTE | Tz dnau *
asdunsd * v * (WH 40 : FwW)
(Kg VS/m’day) (Day)
1.5 10 90:10
2.0 20 80:20
25 30 70:30

OLR = §m51U33Nn152an50unsd
HRT = szagiannifiu
WH 40 = BNAUYNnINLEwAALIY 40 U
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Aegaunsdlunisndniedininasyiulalanlugag
6.0-8.0 lagld nsaneanesn (H,PO,) winlalnyu-
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s
<L
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v '
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a o [

U1 AUARIgUN 1 Ludieag
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Y < ] S a v °
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Y 9

~n3e5aTa USRI e T T Tuiinnan
Tausuruftsdin nazay (Biogas production)
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LﬂﬁLﬁ@éﬂfﬂﬂﬂ’li%ﬂaaﬂ

232 yanrmnasedl 2 : Aavivssansamly
nIsHEAT T INeseUY TN TUSUan T
Fefnsalnusaidosuvulioma (CSTR)

ﬁwamnmmimaaqﬁ 1 ldiauszuulu
dainsainmuseiilesuuuliornia (Continuous flow
Stirred-Tank Reactor, CSTR) wuuRaRen anwazdu
JUMsINTEUONIAINYie PVC §1u3u 2 63 dausnidu
Fanauiioldarsdunid wazdndndudandn &
U3unsea 17 das suradurigudnans 10 4
melufndsluiindmsuniunas ¥nsnaunay 100
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Input
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A

JUN 2 Ufnsainusiaiilos Continuous flow

Stirred-Tank Reactor (CSTR)
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Correlations
Biogas
Parameter r P-Value

pH 781" 0.000

%COD Removel 728" 0.000
% TS Removel 746" 0.000

% VS Removel 730" 0.000
VFA/ALK 562" 0.002

**_Correlation is significant at the 0.01 level

*. Correlation is significant at the 0.05 level.
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ABSTRACT

This research aims to find factors that affect the success of the manufacturer's transportation.
For modern retail businesses and to evaluate the most suitable alternatives for manufacturers to
participate in transportation. We solely study Joint Delivery System from the perspective of producers
alone. Thus, to reach the goal of the project, we need to study five factors that relate to
transportation process which are capital, credibility, operating process, flexibility, and environmental
effects by using Analysis Hierarchy Process (AHP) to compare and value each factor respectively. We
also provide questionnaire to experts and producers of different companies to give marks on each
factor and evaluate options for the most appropriate delivery system to adopt in Thailand. The
results of questionnaire done by experts and producers who are interested in Joint Delivery System
(JDS) producers and companies all agree that the use of hub as a storage center for goods is the
most suitable option for Joint Delivery System today.
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ABSTRACT

This research presents to develop ground calcium carbide residue (GCCB) and ground fine fly
ash (GFFA) as a cementitious material for blend Portland cement type 1 (CT). CT was partially
replaced at 15% of GFFA by weight of cementitious materials. In addition, GCCB, GFFA and CT were
used as a ternary blends system in producing mortar. For terary blends system, CT was partially
replaced at 15% of GFFA blend with GCCB at the dosage levels of 5%, at 15% GFFA blend with GCCB
at the dosage levels of 15% and at 15% of GFFA blends with GCCB at the dosage levels of 25% by
weight of cementitious materials. The ratio of water to cementitious material (W/B) was used
constant at 0.48 and the flow test of mortar was also kept between 105-115% with superplasticizer.
Compressive strength, water absorption and chloride penetration were investigated. Test results
found that the use of 15% of GFFA produced mixes of mortar with good compressive strength.
Compressive strength of 15% of GFFA is high at 78-96% in comparison with the CT mortar mixes.
However, the water absorption and chloride penetration of mortar with 15% of GFFA+5% of GCCB,
15% of GFFA+15% of GCCB and 15% of GFFA+25% of GCCB mortar is high in comparison with the

mortar mixes at 15% of GFFA by weight of cementitious materials.
Keyword: Compressive strength, Calcium carbide residue, Coal fly ash, Ternary blends system.
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ABSTRACT

This research aims to study the chloride penetration resistance and compressive strength of
concrete containing fly ash (FA). The fly ash was used as a partially replacement material of binder in
the form of wet fly ash (WFA) and dry fly ash (DFA) at the percentage replacement of 20%, 40% and
60%. The water to binder ratio (w/b) was kept at the ratios of 0.50 and 0.60. To produce the WFA, FA
was mixed with the water at the water to FA ratio (w/f) of 0.60, then cured for 30 days before used in
the mixing of concrete. The rapid chloride penetration resistance, bulk chloride diffusion resistance and
compressive strength of the concrete with WFA and DFA were conducted. From the experimental

results, it was found that chloride penetration resistance of concrete containing WFA and DFA with the
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percentage replacement of 40% was the highest. The chloride penetration resistance of concrete with
WFA was higher than that with DFA. The compressive strength of concrete containing WFA and DFA

with the percentage replacement of 20% was higher than cement-only concrete. The compressive

strength of concrete with WFA was higher than that with DFA.

Keyword: chloride penetration resistance, compressive strength, fly ash, wet fly ash, concrete.
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nfluvestiymidandn nuidoiiajdnu
AuautAANUAIUNIUNITUNINTUAFRLIALAE NG
gnvesmaunInnaNtitassleniuTouiieuiu
AeunIanauLinassus Tnsiaoedildlunsinw

Wudhaseffiusuna Cao ¢

2. 3ensAnY

2.1 Saquasarumauily

Tumsinuifldyuiiuudvosauaudussand 1
(Ordinary Portland cement type |, OPC1) L‘fJu’iaG]
Uszanuvdn sUs1seumavesudsmuduanslilusud
1 Thinaseszees (Fly ash from BLCP power plant,
FA-BLCP) uwnui¥anuszanuunsdan Tasgusiseynia
voainaseszoauandlilusuil 2 Januindiaos
sywpaiisuinaunayliuiuoutuiuly uenainiss
fmnunguiie dmsvesdadseneunualivazauds
namenmueuitassreaandtilunisnad 1 lng
WUl dwasiudiunuesnlanves SO, ALO, wag
Fe,0, 11NNI15088Y 50 waziusuias CaO Hosnin
Yopay 18 agludunman F auuinsgiu ASTM
C618-19 Mifhasounuiifaguszauiifosas 20, 40
uay 60 ngiuinfanuszau siluguiduidnaes
Wie (Dry fly ash, DFA) waglanassilun (Wet fly
ash, WFA) nsteseuiinassleniinlaeldsnsidiu
dserdnass (w/f) 0.60 Tnetwidn nadldniuuds
vssylugawanadnandnliuiuiiedesiunmsszive
goeth mnduiuliludmanaintadidunat 30 Ju
Aowhluld ednsldsasdauthsednass 0.60 A
\elviidnaseienagluaniugvesansuaniunad
(Slurry) Ssazaanlunisinlldnauneunin 99nwna
N13AN¥IV0 Nguyen et al. (2018) [2] WUi152HU
mutureniasedenldiinadefdnvesaeunsa
wignsla wisziuautuendrassdendwaste
N138UAIVBIABUNIAAR TnewileUSunauninudures

whaeeldengaiun1sg uiireIneun3RaniuINTy
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A1nSuNIasINN T HANABUNTAUY UIATIN

v
'

azlden (Sand) Iimsewitfianuaisdineg 2.60
waglugdaninuaziden 3.10 d1uNIaTIUneU
(Rock) luyugeenilvuinlngn 19 Tadiuns wazdl

AUDININWIE 2.70

A1519% 1 99AUsTNRUMLLATiLazauURANIIN18A N

voyudiuudvaiauauauszinni 1 uagiinaeey

YN
Chemical composition OPC1 FA
(%) (BLCP)
SiO, 19.51 64.45
ALOs; 4.97 20.58
Fe,O, 3.78 3.76
Cao 65.38 2.55
MgO 1.08 0.97
SO, 2.16 0.18
LOI 2.27 4.01
Na,O 0.01 0.43
KO 0.44 1.51
TiO, - 1.04
P20s - 0.16
Physical properties
Blaine fineness (cm®g)| 3,200 3,463
Specific gravity 3.14 2.18

JUN 1 nmene (SEM) sUseeunIavesyudiamg
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EHT = 15.00kV  Signal A= SE1

i Mag= 100KX W= 11mm
'

U 2 e (SEM) JUsWeynInvesiinase

2.2 msTeusIog 19maunsm
THwUUNaef19819N59n5EUBNVUIALEUNIY

L3 a a o [
AuULnan 10 L WURLUNT G} 20 LYUALUAT d1AIUNT

A9 2 FTUNFLABDUNS AT LY
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NAFABUNITUWNTNTUARB LIALUULTILALNITUNTNTY
AaolsALUULNgT e luvasfinsnagouidasn
ABUNSATTLUUNEBRIDE19TUIA 10x10%10
LWURLUAS 1A8IN1INaaRI18819ABUNI AN
drunauiinanililunisedi 2 sldensdrudians
Aedanuszau (f/b) 1 0.20, 0.40 uay 0.60 wazld
SnsnausioYaguszatu (w/b) 7 0.50 uag 0.60
¥nsneanuUMendaesietne 24 $alus 91niu

FardregeluunluinauasunusrazIa RN Iua

1 28, 56 war 91 Tu AUAPU

Mix proportion of concrete (kg/m’)
Mix id. wh | b
OPC1 WFA DFA Water | Sand (SSD) | Rock (SSD)
150 0.00 404 - - 202 761 965
I50WFA20 312 125 - 148 761 965
I50DFA20 020 312 - 78 195 761 965
I50WFAGO 0.50 227 242 - 98 761 965
I50DFA40 040 227 - 151 189 761 965
I50WFAG0 147 352 - 51 761 965
I50DFA60 00 147 - 220 183 761 965
160 0.00 360 - - 216 761 965
I60WFA20 279 110 - 169 761 965
I60DFA20 020 279 - 70 210 761 965
I60WFAGO 0.60 204 214 - 125 761 965
I60DFA40 040 204 - 136 204 761 965
I60WFAG0 132 307 - 89 761 965
I60DFA60 00 132 - 198 198 761 965

e : | e Yuuduesauaudusziani 1, WRA nanefis idnaseilen, DFA nungfis idnageuis, I50WFA20 manedie

reun3nfildyudunivesauauivssiand 1 Julanussauvdnuasunuiifanuszauusdiwiedasedendesay 20

2.3 ANNMIUNIUAALTAUUITIVDIABUNSH
NINAFDUNITUNINTUAADLIALUULTY (Rapid
chloride penetration test, RCPT) nag@au® 1y

1IMIFIU ASTM C1202 [7] %QL%UHW?M’]U%M’]WU%Q

TsrmdounnIu (Charge passed) Tws3%047914
Aeluraun3nndummniedn taelunisanwidlayin
ANSNAFDUNITHNINTUAADLIALUULTIN1ENTIN

DY NUNUIATURIUTLELLIANNNUAN 28, 56 Lay
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91 ¥u Tnewdlosegsasuimun Ahdegetuadn
i duuiy vuaduriugudnae 10 lwuRuns v
5 WwuAlAS watalegsmeunInlulseneultniu
\wadnedey Mntudvasazanelnioleasenlas
(NaOH) A ududu 0.3M A2uan (Anode) uaz
ansavanelafiaunaslss (NaCl) anududu 3.0% 7
$hau (Cathode) anntuduliadndluiin 60 v DC
asoudedrsnationduiian 6 ¥alue laed
TeanBennsnaniaiosfiouargunsaintmadouds
wanslugud 3 Fawaillduansiouiunasyqluih

wwdsufiiudlegeneunia Indlslugasud

(Coulomb)
60 V Power Supply
+ -
Data logger
(records charge passed)
Computer
0.3M of NaOH v EE S 3.0% of NaCl
solution solution
Stainless steel Stainless steel
cathode anode

Concrete specimen
(100-mm diameter and 50-mm thickness)

(n) MsnsAesesilowavgunsallunisnagey

(@) Msnaaeuiiet1lueaujuainig

JUT 3 MInAdoUNMIUNINTUAaBLIALUULSS

RaLAdaudNend
asazanaindemantsa 3.0% f -

- .. -
@ -—> NIDYNABUNIA
-

JUN 4 MINAFUNIWNINTUARBLIALUULNS
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Parts of sample were sliced
/ into 1 cm

lem

Intemal part of
sample was ground

Cylindrical concrete specimen
(10 em in diameter and 20 cm in length)

25em

JUN 5 MIdinuazinseanaitagapeunInlun1sm

USunumraslsaiumarseauauan

24 n1sunsNFUAADlTHUUULNTINUA YD
ABUNTH

ASNAREUNSUNINTNAADLSALUULNI AR
(Bulk chloride diffusion test) U89ABUNIAD19DIAL
UMW ASTM C1556 [8] Tddee19naunIn
NIINTTUANVUIALFURIUANENAN 10 LOURLUAT 89
20 wuduns vludfussovinan 28 Su wdr3ah
Frethatuannifisldldudddueinia anduriinig
wAsufvesiegessdRendiietesiulalinde
paslsdunsndudnly uneniusiulanelidumile
Fauansluguil 4 wilelsindenaslsdanunsounsndy
wWrlulushogrslufiemaiion wdwndRendud
udFaegnsluudluatsararsindenaslsnidudy
3.0% Juszeziian 28, 56 way 91 Ju muadu lng
gavQinasnren1snaasusyil 30°C = 5°C 1ile
AoE19ATUTEEIALNTY A lTALA2T 1089
senanansazarendenaslsaneliliursluennis
wdndegelufnduuiunutuay 1 wuiwns
aueEEnInATdlinERend (Fuiiudey
aaolse) ntuiuduieidalvundunsuas
saununzLNsuUes 20 laglunisuadiegnsagiaen
RIZUSINEIUNVRLH LS BE WenEniAes
wndenaslsafionaunsnduansiudnsld sieazden
msfnuaziieunsegnauandlilugui 5 it
nashogndlunagounusinanaslsatmun (Acid-

soluble chloride content) lupaunInANNINTIIY
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ASTM C1152 [9] uagirdayanlaludruinm
duuszandnisuninaelss (D,) vosnaunia 910
aunsAmaungUaiiaesvediing (Fick’s second law

of diffusion equation) ASENASA 1

C(x,t) =C;+(C,-C)) [l-erf (

2\/’;_at>] (1)

&

Tned Cxt) AeUsuramnaslsafinnudn x Aends
wigaaslsdduszazina t (% lnedniinvesan
Uszaw), G, Aevsunumaslsasudulunounsa (%
Imaﬁmﬁﬂﬂuaﬁaqﬂizmu), C, AovSunananlsnd
Ravthaeunin (% TasthutdnuestanUsyan), erf
Aeowaisesiledty, D, Aeduuszaninisuninaslss
(A151905URLURS/U), x ABAITUENIINRAINY
(wuRluns) uag t Anszzaludgyaaslsn @)

2.5 11aNgnYaImaUNTS

NNTNAFDUNIAIDNVDIABUNIALTAIDY S
ADUNIANTIANUIAATWIN 10x10x10 LURLIAT Ay
1195571 BS 1881-116 [10] lneviin1snaaauiiag
Sanendsiogisaouningnuutiiauasuniy

ANRUATLELLIAN 28, 56 Lag 91 TU AINAGU

3. WNaN1INaasuasaiusy

3.1 msunsndunaslsauyuis

AMUATUNIUNITUNINTUAABLSATDIABUNT A
ansafiansanlsanuiinassqliiiuadoudiniiu
Aregnmsuninluniteaaeul InemnuSunuysey
TifadeurunounsABwn Mneisnounsniedaniu
Frumnumsunsnduaaslseiia

913U 6 WU Ymaseqluiluadeuiisou
YpIABUNIANANLA AR EN (WFA) LagADUNI ANEL
\dassuia (DFA) $evaz 20 waz 40 A1n3IABUNSA
Fuuddau lnguiinauselwinadouiiiiuves
peunInfinauiaesduwlivanasiioldidaosunui

o

anusvanuluySuinugwuiisTesas 40 1Wosaniin
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aosaunInvUAzeeslsaniindu CalOH), #ildan
UFAselanstuiliAn C-SH way C-AH iy 8n
aounadiaesulsdruanan st luRudulngg
Fosinanteluiiionsuninld (Filler effect) dawaly
pounimdiauiiuuiunntu Inerouniafiansldid
aosunuiiTanUszanudonay 40 tuifUianmuuseqlih
\ndouiikudnfign wiodamamisoduniunis
wisndupaslsaldfiian og1dlsAnu eldidnase

wiunfaguszaiugsdisiosas 60 nduvinliuTun

UsgaluiliafouiisuasniineunIndiuudaiu

av v

e nUsunaesyudwwintesasivinandnila

nUfAselainsduanas (Dilution effect) UATen

v

VoglgardnIuinldtosacludae uanainiiile
RNMTUIHANTENUVDITTELLIAUNNUI USuaudseq
Tl uadeuiidiunounInanamiomuduniunig
Lmiﬂﬁ?jmaalﬁﬁmamauﬂ%qd%ul,ﬁaiwxwa’lﬂumu

JUAN 28, 56 LAz 91 TU MUAIU LUB9RINITETLIAN

aaa

ninuau iinsiinuiselawmstusasufisen
Yaglganiiniintuldegwialilowaranysalinniu v
Tipounindanufiviuuundu Ysunadseylaia

AR DU IUABUNIA LA BEA

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

028 days

056 days | Werlyash |
m91 days

3
o

Charge passed (Coulombs)

I50WFA20

I50WFA40  IS0WFA60
Mix id.

150DFA40 ISODFA60

(n) NSnsawieTanUsvau 0.50

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

5,112
4,622

Charge passed (Coulombs)

ISODFA60

ISOWFA20

ISOWFAG60 0 ISODFA40
Mix id.

=

(@) NdndudrieTanUsya1u 0.60
JUT 6 Usunaulseglviilipdeuniiumouninneay

wnaeeen (WFA) wagaaewits (DFA)
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FuynumaunsnBunaslsdldRau UTinadseqluih
\ndoufiiuanas) sgnslsiny Wefiansamnanseny
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ANFIUNIUNITUNINTUABDLIAYDIADUNTAANAY
(ﬂ%mmﬂsquw%mﬁauﬁm'wmﬁlzuﬁu) \ile w/b qﬂﬁﬁu
Hosnnaeundaild w/b geiwiliiivsinaniidasy
wntudswalvinounindanunguiiinandidass
wiatugatunuluie dremgisainliuseqlin
annsawasuTirureunImmynsesindliietu

3.2 msunsnupaslsHLUULUULHSTTILA

SUR 7uansu3umanelsdianun (Total
chloride content) UBsAUNIANALLINADEIUBNLAY
WnassuanevduaTymaslsailussesiian 28, 56
war 91 Yu Tnenudn Ausinmnaslsdiomnues
ADUNIANALLONADELUUNLA ADUNIPNALLO TAD LI
fauaz 20 uay 40 AINI1VBIABUNTATILUAZIY
USurmnaslsdvanunvesneuninnauidiaseil

wudlduanaileldiorassununianussaiulu

(a) —e—150
] —m— 150WFA20
—a—I50WFA40
—o—[SOWFA60
- @ 150DFA20
--a--150DFA40

—0 —I50DFA60

Total chloride content
(% by wt. of binder)

Distance from exposure surface (cm)

(n) NEndwieTanUsyau 0.50
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USinngetuisienas 40 esnidrassaninsarh
Ufiseenleaniindu Ca(OH), vilviAn C-S-H uag
C-A-HBagaeldrsunIafivuduiunas oy
AwasnBaduaaslaflunouninligetude
[111-13] Bndtsounainassursdruanuisodily
danfulnsstesinensluiensunin denald
poundndamnuiiuntumniu aaslseEaunsndud
len Tnemsunuifanussanumediaosiesas
40 liAUsununsunsndunaslsdavuasiifige
oeslsfinm leldidassunuiiianUszaugededos
a2 60 dwmalviuTunmaaslsitmuniiuualiugendy
ABUNIMBLIuAEIY LTl0991nUTumve s uT IR
tovasinlinandnildanufiserlansduanas
Uffseenleaniindsinlivesalusme
dlefiansuinansenueasdnsdruiiretan
Uszau (w/b) mﬂgﬂ‘ﬁ' 7 (n) way (v) wun Ysunw
aplsdvianuavosnouningstu 1ile w/b getu
osanasundailld w/b geluiliiiuinadasy
wndudwmaineunadienamguiliinantidass
astunuluie Fadumphlibeounsslsdannsn
uwnsndudilvluidensunindiunulnssdosing
meluneuninldietu uenant eroundmwdey
AaelafduszazanIuty (370 28, 56 uaz 91 )
vilfunaaalsdianunesneunIaniusziy

AANFN9) LNTUAILAE

9.00

a ——160
8.00 o ®
—=— [60WFA20
7.00 A
—4— [60WFA40
6.00
—o—I60WFA60
5.00 o
--3---160DFA20
4.00 o

--a--160DFA40

(% by wt. of binder)

3.00 o
—© —160DFA60

Total chloride content

2.00 o

1.00

0.00

Distance from exposure surface (cm)

() NEnsdiweTanUsyau 0.60

JUN 7 YSinunaelsavisvunvesreuninsatiiiaosilen (WFA) uagiinaeswiis (DFA): (a) NTveziianiadey

Aaalsn 28 Tu; (b) Nivzzanndgaaslsa 56 Ju wag (o) Nszznannlyaaslsa 91 Tu
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(b) —e—150
| —=— ISOWFA20
—a— ISOWFA40
—e— ISOWFAG0
-- - 150DFA20

--A--150DFA40

Total chloride content
(% by wt. of binder)

—0 —150DFA60

Distance from exposure surface (cm)

(c) —e—150
| —m— [S0WFA20
—a— [S0WFA40
—e— ISOWFA60
&~ I50DFA20

--A--150DFA40

Total chloride content
(% by wt. of binder)

—0 —I50DFA60

Distance from exposure surface (cm)

(n) NEndweTanUsya1u 0.50
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9.00

b —e—160
so0 @
—=— [60WFA20
2 700
2 B —a— I60WFA40
E 2 600 o
S 5 —e— I60OWFAGO
L i 500 4,
2 B
s -~ 160DFA20
£ g 400 A
=
S -4~ I60DFA40
3 2 300 o
2 =
o < —0—
c < L0 4 © — I60DFAGO
100
i
0.00 : =
00 10 20 30 40 50 60 70 80 90 100
Distance from exposure surface (cm)
9.00
05 —e—160
8.00 J@©@
N —B— I60WFA20
o 700
2 B —a— [60WFA40
£ 2 600 A
S 5 —e— I60WFAGO
g i 500
= =]
5 o -+ 160DFA20
£ E 400
=
S -4~ 160DFA40
= © 300 -
g =
5 3 —o—
S = L0 4 © —160DFAGO
1.00
0.00

Distance from exposure surface (cm)

() NEnsdiweTanUsyau 0.60

JUN 7 YSinunaelsavisnunvesreuninsasiiiaosilen (WFA) uagiinaeewiis (DFA): (a) NTveziianiadey

Aaalsn 28 Tu; (b) Niszezannlgaaslsa 56 Tu wag (o) Nszeznatndyraslsn 91 Tu (se)

20.0

028 days 156 days ®91 days

16.0 - -

“ |
< o -

. o “
b “ b
5 v e H
e S

ISOWFA20 IS0WFA40 ISOWFA60| IS0DFA!
Mix id.

(n) NEndvieTanUsyau 0.50

(cm?year)

Chloride diffusion coefficient, D,

el
3

20.0

028 days @56 days ®91 days

(. [
16.0 . ; =
g i 3
o 1= =¥l

(cm?/year)

Chloride diffusion coefficient, D,

I N
JAe | e
<

ISOWFA20 IS0WFA40 ISOWFA60| ISODFA20 150DFA40 I50DFAG0
Mix id.

(@) NdnsauvieTanUsvau 0.60

=

UM 8 duUsEavsnsuniraslsfvasnaunInNay

U

wnaeean (WFA) wag1aaewits (DFA)

W lNNITRIITUINANTENUYDINT L0 1a0Y
Wenwarn1aagumadaudaauundsdy n1s

AITUIPNUFIUNIUNTHNTNTUARDLSAVDIABUNTA

Fegninaueluguuuuvesdduuszansnisunsaae
156 (D,) vesmeun3n fauanslusui 8
\efiansanangui 8 nud Ardudseansnis
unsnaalsnvesnauNIRNENNAB UENLAZABUNSH
nauLdtaesuiefoar 20 way 40 AniiAeune
Fuuddau Tnsardudszaninisuniaaslafuas
AounIniinauinassanadeldidnassunuiiian
UszanuluTunugstuiedosar 40 Fadunauan
UfRzedenleadinsemrinadnaseiu Ca(OH), fivay
divauaunsadadunaelsduazaiuiiuniuly
poun3aligaty ufsoumainassudinan
Wahnlnssgesitsnielunounin deounaslsnis

wsnFunldleen Inensunuiaiednasyssay

6 o

40 TiAnduuszansnsuninaslsdsiign og1dlsh
1w dmdunsundaildifiassunuiiaguszaugs
fefenay 60 nduhlsidudszaninisunsaaslssias
niAeuNIATLAG Y 1HosnUiinaesuTismd
ftosasinlinandniildannujiseilownsdunay
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ABSTRACT
The study to quantify the loss of aroma substances 2-Acetyl-1-Pyrroline (2AP) of
Thai Pathumthani Fragrant Rice in the dehumidification process was calculated from how
much the aroma content 2-Acetyl-1-Pyrroline of dehumidified paddy was reduced from

the aroma substance value 2 -Acetyl-1-Pyrroline (2AP) in the aroma paddy. By
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recirculation batch drying process samples were collected every 2 hr in a 12 hr work
cycle. 2-Acetyl-1-Pyrroline (2AP) =3.26 ug/g at temperature 39°C due to the relatively
lightly aroma content 2-Acetyl-1-Pyrroline (2AP), but when reducing the moisture content

of the aroma paddy with a hot air dryer, the moisture content of the paddy at 18% is
found. The aroma substance 2-Acetyl-1-Pyrroline (2AP) was between 2.08-3.72 ug/g¢ and
the aroma mean 2-Acetyl-1-Pyrroline (2AP) =2.69 ug/g at temperature 53°C. 17.08+ 12.43
ug/g Therefore, it can be seen that in the process of dehumidification, paddy causes a

loss of aroma content 2-Acetyl-1-Pyrroline (2AP), which causes a decrease in the aroma

of rice.

Keywords: Drying, Recirculation, Aroma, Thai Pathumthani Fragrant Rice
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ABSTRACT
This article aims to study people's acceptance in the Srinakharinwirot University Ongkharuk
campus towards the recycling of treated wastewater in the public and agricultural sectors. This research
is survey research. The questionnaire was used as a tool to collect information from students, staff,
and the general public. Within Ongkharuk campus, there were 420 samples of the complete

questionnaires used in this research. There were 420 questions, accounting for 100% of the total
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number of questionnaires. The overall research results were found that consumers pay more attention
to quality standards. The absence of contamination of microorganisms, pathogens, and chemical
residues are respectively influent to the people perception. Also, water use activities affect the
tolerance of the people. The related factors are gender, occupation, and the baseline of public
perception. We hope that this knowledge can provide a guideline in formulating marketing strategies.
And the development of technology following the needs of consumers in order to have better

management.

Keyword: Green University, Sewage, Wastewater Treatment, Wastewater Recycling, Social Acceptance.
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ABSTRACT
This paper presents the effects of partial fine aggregate replacement by recycled gypsum board
in mortar for producing fiber-cement sheets conformed to TIS 1427-2540 Fiber-cement sheets: Flat
sheets. The results showed that fine aggregate volume could be replaced by recycled gypsum board
up to 0.20 by mortar volume which affected the tested modulus of rupture of 4.03, 4.41 and 4.42 MPa
with water to cement ratio (W/C) of 0.40, 0.45 and 0.50, respectively. Those mortars passed the
standard of fiber-cement sheets type 1 with the modulus of rupture higher than 4 MPa. However,

mortar with recycled gypsum board could not protect water penetration. Therefore, those mortars
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were put in fiber-cement sheets type A and B that could be used indoor or outdoor without directly

facing sunlight and water.

Keyword: Recycled gypsum board, fine ageregate, mortar, modulus of rupture, fiber-cement sheet.
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ABSTRACT
Nowadays, a kilowatt hour meter is often installed in a tilted manner. It may cause the error

of kilowatt hour meter. The objective of this research is to investigate the effect of installation angle
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on the electrical energy measurement of the single phase kilowatt hour meter. This research was carried
out with an induction type kilowatt hour meter with a rated current of 5(15) A single phase and adjusted
the installation angle in the face down and sideways by adjusted 5° increment from 0° to 90° by
constant electric energy. The results were found that if installation angle are increase, the turntable of
the induction type kilowatt hour meter will be more slowly even thoush there are different power
factor values but the electric energy remains the same. The results obtained were not significantly
different. But, the effect of installation angle of the induction type kilowatt hour meter will be more if
current and quality of the induction type kilowatt hour meter is low. Therefore, this research will be
important information in considering the improvement of the operating process in order to achieve
fairness in buying- selling electricity between Provincial Electricity Authority and electricity (PEA) users

and it is for policy to reduce the electricity loss of PEA.

Keywords: Induction type kilowatt hour meter, Installation angle of induction type kilowatt hour meter,
Error of an induction type kilowatt hour meter.
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ABSTRACT
This article was a research and innovation project to transfer technology to the founding
community. This research was to drying arrowroot flour with solar drying dome compared with
traditional sun exposure drying method. The objective of this research was to study of drying kinetic,

color quality, water activity and to develop empirical mathematical modeling for predicting drying
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kinetic. The research was conducted by initial moisture of arrowroot flour at about 80% d.b. (dry basis)
and was dried until final moisture at about 15% d.b. The results found that drying rate of arrowroot
flour by solar drying dome is higher than by traditional sun exposure method. Arrowroot flour dried by
solar drying dome is achieved faster than traditional sun exposure about 2-4 hours. Color quality is
good and acceptable. The water activity of dried arrowroot by solar drying dome was approximately
0.478-0.493 while the sun exposure was about 0.495-0.548 with water activity within 0.6, which is the
standard of dry food storage, in both methods. In addition, the Verma et al.’s empirical equation of
mathematical modeling is the best equation for predicting of drying kinetic of arrowroot flour which

the highest coefficient of determination, the lowest root mean square error and sum of squared error.

Keyword: Arrowroot flour, solar drying dome, mathematical modeling.
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3.3 Uswahdase (Water activity, a,,)

LU 8180 DU BULITIA 2815945 DUB UMY

nasuaseinddanUsunauidaseegluyig 0.478-

Method ‘ L | a ‘ b ‘ Ae 0.493 d1MTUNIIAINUAALUUTTTUYIA B TUY I
9/1/63 - 10/1/63 0.495-0.548 flauanalunnsed 3
Sun drying | 77.32+2.08 | 1.64+0.06° | 4.12+0.12° N/A
Solar dryin ‘:" S AT it i
Y8 e 614137 | 1.0720.13° | 3.58+0.27° | 1.76+0.01 A1397 3 USunasndaszuesudaynenvion
dome
Date Method Ay
14/1/63 - 16/1/63
) . c Sun drying 0.548+0.002°
Sun drying | 78.03+2.31 | 0.73+0.18° | 2.51+0.24 N/A
: 9/1/63-10/1/63 | Solar dryin
Solar dryin ying
81 27212058 | 0.63£0.10° | 2.2640.25 | 1.8941.09 0.478+0.001°
dome dome
a-c means in the same column with different Sun drying 0.495+0.005°
superscripts are significantly different (p<0.05) and ns 14/1/63-16/1/63 | Solar drying
b
mean that the data not statisically significant (p>0.05). dome 0.493+0.002

Tunsnaaesndedl 1 avwiuldindduns a uas
AdLnaed b agdianuuanstsivavesutlainenyiou
#lF1nn1smnuan uinismaaesnsei 2 lifiaay
WANENNAUBE NHUBEIATY dIUAIAIIULANFAI1ITDIE
Tae574 (AF) doudatios Aa 1.76 uwaz 1.89 Jslay

daulvguandainenstouazidanauaing (L)

a-c means in the same column with different

superscripts are significantly different (p<0.05).
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wANA9NUIUTIEDR wWANISNAaRIASIN 2 wuInludl
ANULANA1SAUDE T TdEATY (p<0.05) LAlABTIM
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fndula (RY) anfign AsinvidedveniiunainLadou
AN89809L848 & (RMSE) WaLHATIUNIGI@9AINY

ARIALATEY (SSE) gadian

A15799 4 ANASTIVDILUUIIAB L DUNIAR LUNNTB UM N8N8 DUAIE SIS DUNFINULAID NS

Date Model Constant R® RMSE SSE
Newton k=0.11924 0.95609 0.06155| 0.06062
910 Page k =0.06553 n=1.29193 0.97739 0.04417| 0.03121
Jan 2020 Henderson and Pabis | a =1.10073 k =0.13331 0.97305 0.04822| 0.03720
Logarithmic a=113676 k=0.12250 c =-0.04462 0.97358 0.04775| 0.03648
Verma et al. a=-0.25018 k=1.22637 ¢ =0.15252 0.98859 0.03137| 0.01575
Newton k =0.08667 0.97774 0.03858| 0.02828
La16 Page k =0.06804 n =1.10681 0.98159 0.03509 | 0.02339
Jan 2020 Henderson and Pabis | a =1.05262 k =0.09284 0.98396 0.03274 | 0.02037
Logarithmic a=103016 k=0.09773 c =0.02698 0.98400 0.03271| 0.02032
Verma et al. a =-0.08376 k =24.76830¢ =0.09646 0.98743 0.02899| 0.01597
(51’15’1\‘1‘17{ 5 ﬁ’]ﬂﬂ‘ﬁ“ﬂaﬂLL‘U‘U‘S’]@@QLauﬁ%ﬁaIUﬂ’li’eJULLﬁ\‘]LL‘f]QLﬁ’]EJ’]SiJ?JﬂJﬁ’JEJﬂ’]SWWﬂLLGWW
Date Model Constant R? RMSE SSE
Newton k =0.10127 0.97213 0.04639 | 0.03873
910 Page k=0.06547 n=1.19829 0.98376 0.03542| 0.02258
Jan 2020 Henderson and Pabis | a =1.07864  k =0.11096 0.98364 0.03555| 0.02274
Logarithmic a=1.09267 k=0.10733 c =-0.01726 0.98371 0.03547 | 0.02265
Verma et al. a=-0.15662 k=1.50214 ¢ =0.12017 0.99180 0.02516| 0.01139
Newton k =0.07031 0.98831 0.02749| 0.01738
10-16 Page k =0.04968 n =1.14892 0.99275 0.02166 | 0.01079
Jan 2020 Henderson and Pabis | a =1.04923  k =0.07565 0.99402 0.01966 | 0.00889
Logarithmic a=1.11378 k=0.06757 c =-0.07159 0.99364 0.02028 | 0.00946
Verma et al. a=-0.07898 k =2.09203 ¢ =0.07880 0.99640 0.01527| 0.00536
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