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Abstract

The Central Composite based Response Surface Methodology (RSM) (Design-Expert 10.0.1) was
used to optimize acid catalyzed pretreatment of corn stover. The experimental of pretreatment was
conducted under the acid concentration of 0.05 - 0.15 M using sulfuric acid, formic acid and
phosphoric acid as homogeneous promoters. The reaction time of 15 - 45 min were selected. The
reaction temperature of 90 - 210°C was selected all the works. After pretreatment, enzymatic
hydrolysis was also hydrolyzed the pretreated solid to evaluate the optimal pretreatment conditions for
maximizing sugar production. The results showed that pretreatment with 0.1M sulfuric acid at 180°C
for 30 min was found to be the optimal condition for pretreatment of corn stover. The optimal condition
was focused on the highest sugar production from enzymatic hydrolysis with low inhibitory by-product
detected in the aqueous phase after pretreatment. The optimum condition showed 88.93% reducing
sugar and 89.26 glucose yield from enzymatic hydrolysis of pretreated corn stover. Hemicellulose
solubilization of 85.08% was removed under the optimal condition. Scanning electron microscopy
revealed disruption of the intact biomass structure allowing increasing enzyme’s accessibility to the
cellulose microfibers which showed higher crystallinity index compared to the native biomass as
shown by x-ray diffraction with a marked increase in surface area as revealed by BET measurement.
The work provides an insight into effects of acid pretreatment on modification of physicochemical

properties of corn stover and an efficient approach for its processing in biorefinery industry.

Keywords: Corn stover: Acid pretreatment: Enzymatic hydrolysis: Homogeneous catalyst
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No. ngm (M) (°C) (min) yield (%)
1 0.05 90 15 49.81
2 0.1 150 30 86.05
3 0.15 90 45 53.03
4 0.15 150 30 81.15
5 0.05 210 15 75.57
6 0.15 210 15 75.97
7 0.05 210 45 73.18
8 0.1 90 30 59.63
9 0.1 210 30 7917
10 0.1 150 30 86.05
11 0.15 90 15 55.79
12 0.05 150 30 79.19
13 0.1 150 45 83.93
14 0.1 150 30 86.05
15 0.1 150 30 86.05

3.2 n1suidan1deniunizdanlunisdsu
v s
ANINAIENTATANIN

o

n1sdfuaniwidunilsludunaudi Ay

lunszuaunialasuiananiuaaglaadulule
A a8 v

NIueA wikasaInlunszuaunisiiAnldanags

A” = o =S o v
LAZAULLUARINENY [7] NNTANHIAWIUNIN 1A
WUIANNAATYTRINITRAUINTZUAIUNNT
Uszusangaanu naldasiai ludsuosndas
gonnian vsaszaznan lunsindjisedeass
Tunisdsuaninansazatansaiaani linnnig
WANFITBINUEY glycosidic Tedenalfiinnisuen
avureamaglaguaznisuanlaaiiraglag (8]

o o A =2
whunnauanaasnisUsuan wasanauitluxan



] FEAT JOURNAL

‘ July — December 2021; 7(2) : 87-104

= QI 1 k% ¢ o i’, =<
18332190 uazinn1seiaaldrasienlad Aol [
- o @ A s o .
HpauaLlunazAasWmLINIzLIRnIU Fuan v
Taiiesusinisunnaaiaiiraglaauaznianian
a a .2 o = oA a &
AnUUWNTU wageTanDsnantenuiinaulu
1 v v = d’l
nezuquniseaasaaultdaae [7] Tunisdnenil
1A B uuuuRamneudues n3a RSM ine
Tusunsu Design-Expert 10.0.1 1nldidaaanuuy
NM9NAa8Y USunI9AmasngnAty 1w gouuni
AN dULRINTA LaTsraziaa1nUfizen
Walildfiuninglnagegandsannnistaason
wulod n13eanuuUN1IMAaeIudnsluA13199 1
naneaesdiuaninannisaaniuusaaldsunsy

16 15 n19maand daullsenauaesdinnanay

a19dsznevdn o Negludouiiduresivan

93

UATEMNIINNTAAAITBITDINTIUAIUTUANIN WAAS
lumnafl 2 arstszneudu fezyliluneed 2
mniansdudouazanslsznayan | fAaToulu
Fupeunsdiuanm
lunsdfuanndanududuseslalaagegn
2.02 nfusedns uazarsiluagegn 0.11 nfusie
ans ﬁﬂf;’mrﬁu"ﬁum‘msﬁuvﬁﬂ 0.05% M 328Z1IAY
45 Wil oA 210 avAaadea atnelsfiniy
Sefinanududunse goumndl uazazazinanly
nsUsuann Wstadeinant Sefinansdudenn
T prudnduasansaiinasessnisazanead
wiaglaaganainsudininauazdninisanaszes

P99 I9UaaLfudanInegnaNnn

a - S < o o 3 o v 9
ANTNN 2 T’Nﬂﬂi‘zﬂ’m_l“/]Lﬂu"ﬂﬂ\iLL"H\iLL@Z‘ﬂ@\im@’lﬁﬂd’mﬂﬂi‘u@ﬂﬂwﬁ’)ilﬂi‘ﬂsﬂ@*/ﬁ‘ﬂ‘ﬂﬂ\iEI‘LA”]H’JIW@

Liquid phase (hydrolysate) Solid phase *
Run
No. Glucose Xylose Arabinose Acetic acid Furfural HVIF (/L) Formic acid Lactic acid | Cellulose  Hemicellulose %opulp
(gb)  (gl) (gL) (gL) (gL) (g/L) (gL) (9 (9
1 0.15 0.30 0.02 0.10 0.01 0.00 0.00 0.00 29.55 24.36 87.98
2 0.22 1.27 0.07 0.83 0.36 0.01 0.11 0.03 28.56 10.59 70.19
3 0.19 0.61 0.03 0.12 0.07 0.00 0.00 0.00 28.96 19.98 81.57
4 0.25 1.42 0.07 0.23 0.05 0.00 0.03 0.01 28.22 8.52 67.31
5 0.27 1.79 0.09 0.74 0.36 0.03 0.10 0.03 27.95 3.16 60.18
6 0.38 0.36 0.02 0.88 0.46 0.05 0.09 0.03 26.53 0 50.39
7 0.32 2.02 0.11 1.55 1.26 0.14 0.16 0.03 27.31 0 51.47
8 0.16 0.42 0.02 1.85 0.88 0.06 0.13 0.03 29.35 22.74 85.62
9 0.32 2.00 0.11 1.01 0.71 0.07 0.10 0.04 27.24 0.16 52.41
10 0.22 1.27 0.07 0.83 0.36 0.01 0.11 0.03 28.56 10.59 70.19
1" 0.16 0.46 0.02 1.28 0.68 0.06 0.08 0.01 29.38 2212 85.08
12 0.21 0.72 0.04 1.53 0.66 0.05 0.16 0.03 28.73 18.48 79.88
13 0.28 1.43 0.08 0.07 0.10 0.00 0.05 0.02 27.74 8.38 64.79
14 0.21 0.72 0.04 0.83 0.36 0.01 0.11 0.03 28.73 18.48 79.88
15 0.21 0.72 0.04 0.83 0.36 0.01 0.1 0.03 28.73 18.48 79.88
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Glucose yield (%) =
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Sum of

Source Squares df Mean Square F Value p-value Prob > F
Model 3240.65 9 360.07 273.76 0.0000
A-Con 2.84 1 2.84 2.16 0.1724
B-Temp 1058.22 1 1058.22 804.56 0.0000
C-Time 8.32 1 8.32 6.32 0.0307
AB 17.97 1 17.97 13.66 0.0041
AC 11.02 1 11.02 8.38 0.0160
BC 9.35 1 9.35 711 0.0236
A 67.47 1 67.47 51.30 0.0000
B’ 684.18 1 684.18 520.18 0.0000
c? 13.29 1 13.29 10.10 0.0098
Residual 13.15 10 1.32
Cor Total 3253.80 14

Std. Dev. = 1.15 PRESS =93.27 Mean = 74.22

R-Sg = 99.60% R-Sq(pred) = 97.13%

R-Sq(adj) = 99.23%

¥ o
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Abstract

Filter cake is a waste product which has a calorific value comparable to bagasse and can be used as
a general fuel and can be extruded in biomass power plants, in the sugar production phase of the
sugar factory. The objective of this research was to investigate the physical properties of filter cake,
specifically moisture content, bulk density, angle of repose, and coefficient of friction. This includes
investigating the formation of pellets from filter cake using a roller molding test set on a flat die. The
analysis was carried out using a standardized moisture content of 30.26 percent wet basis together
with the test factor including three ranges of feed rates: 40, 45, and 50 kg/h, as well as four levels of
compression die speeds: 180, 190, 200, and 210 rpm. According to the study results, the filter cake
with a wet basis moisture content at 30.26 percent, shaped at a feed rate of 45 kg/h, and the
compression die at 210 rpm, is the most appropriate. Being in harmony with the standard range that
the suitable pellets should have the following dimensions: average diameter 5.66+0.04 mm, average
length 31.53+£0.37 mm, average fines 1.31+0.01, average durability 98.26+0.05 percent, and average
bulk density 691.32+5.00 kg / m°. It has an estimated calorific value of 11,928 J / g, specially designed
for use as a supplemental fuel in the biomass electric power generation.

Keywords: Physical property: Filter cake: Biomass pellets: Pelletizing
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Abstract

In this research, epoxy composites reinforced with fly ash, eggshell powder and titanium dioxide were
prepared. Central composite technique was used for experimental design under the influence of two
factors; amount of fly ash (10-15%wt.) and mixture amount of egg shell power and titanium dioxide (5-
10 %wt.). The weight ratio of eggshell powder to titanium dioxide was fixed in 2:1. The fly ash provided
from the municipal solid waste power plant in Khon Kaen province, including eggshell powder and
titanium dioxide were surface pretreatment before used as the fillers. All composite materials prepared
under the designed conditions were subjected to mechanical properties inspection of tensile strength,
flexural strength, elastic modulus and flexural modulus. When statistical analysis was performed, a
regression model for each response was obtained to analyze the results of surface response and
optimum conditions for the preparation of this composite material. It was found that the optimum
condition was fly ash, eggshell powder, titanium dioxide and epoxy of 10.8, 4.95, 2.47 and 81.83%wt.,
respectively. This optimum condition gave the composite material with the best of tensile strength,
flexural strength, elastic modulus and flexural modulus of 22.72 MPa, 43.11 MPa, 521.5 MPa and 1950
MPa, respectively. Tri-replicated experiments confirmed this condition with an error less than 10
percent.

Keywords: Composite: Physical property: Municipal waste fly ash: Egg shell: Titanium dioxide
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@D INN9ANNFaU (Thermal Stability) HA1N1910

9 N5Feu (Thermal Conductivity) Namad

o)

pad)}

founH WA (Glass Temperature) §4n41940

td
a

= dl a 1 [~ = o
anandudqns aeelsfinu aasinisdfuanin
nawaenlalfivunzaunausinun Iduan sinwss
Tanisznavanend el ialilnisnszanasa
qu‘/ =® 1 v £ [
219904N1A AN DI HAlTA TN A UL AR
o al dp = a
29998 UsrnauANgeTu HANIATEINI9AN
Faunnau viatlena’ld nsmaLAe3a (Steric Acid)
visaansavanslananlansanlas [6-7]
a | a 2 aa

asinusanglanilandanlugnaunssy
1 3 a A al
511977 29NDIRAANUNITUNANARN AD InimiTlan
Iaaanlas (Ti0,) wsdsdinisvunldidudansin
wsdusuindiasinasiugnfe (Thermosetting)

] v o vl 1 o a
Tdndrepanaiin ladsennudn Santsenauanan
FREsHumrs TN Tulnmislavlneenlasn

= o a o o a Ao

WNNZANATNANTRTIANFRY ANUFTEINA 15

£ ' ) > =
U VLN’JTT’Q:L‘EH ATATITNATUNTIULTIIAY AN

©

TUNTULINAR TIGINI1TANBNANTUTANT [8-10]

X%
| o

KR dl v = o
SuBvegiiulFu Nl LACANIIENITLATHNIAR

U

See

v

y L4 - .
nel Fanuan i aiNBunanmiias lnaan s
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nHaynIArIAAnsE AU T T A udele
1e9danisznavanasasnalidaniaiaanu
FunuLsAnLNIuLA: TuaAaLIARanaT HA7
Tupaadnveuanas daanuudatlsziiuunniy

a £ o = &

NAN [11-12] TIRAMNAIUNULIASGIUU
=< :j/ d’jl a o a dl ¥
nsAnEATNYaRTENddaLszneLaNaNT LN

WwasNwsasaanatlaantdnazninifianla

-

aanlas NHanTRwNIzamiet lUdseansfldii

o

andranssnsiel 1w auauANFeu winiuuas

o <

e Janlasea¥ne e Wudu udeenalsf
Ain dandsznaudnendniasuusenonnngld

AP NLFNLARTTRAEHANTRLANFANIT 9Tl

v
o a o s

u’ﬂ@:ﬂll Ua AUANHUY aNR wartTunnd 189

q

=20,

ATLAN WG9 FandenszuaunIslun naN

—

~ vl o \ a &
W'ﬂi‘lﬂ ﬂ’]ﬁ‘ﬂﬁ'z@’]ﬂﬁmﬂ’ﬂ\?’ai‘éﬂ’]ﬂLLW@z‘ﬂuﬂiuLu’a

o

. o = o = Aala %
']Z‘Wl AL ﬂqﬁ\Lmﬁ'ﬂN’]@ﬂﬂ?zﬂ@UﬂWﬂﬂsﬁmﬁJﬂ’]Tr’hﬁ

a 1 ¥

o2 A & °
anginussnnndmileainiuly a1dudes
4

ANTNDNERduN N e el laTaA N HaN1TR

q

o

danalananluisasAruniuaudneuzaes
ANTLRNWFTIL
N17ANLUUNINAARY (Design of Experiment,

v '
aa o a

DOE) tumaiian1eadatugangniann ldlunns
ARNLLLNNINARRIATAT F8N19U5UAN N84
nszuaun s Wdnldmumanufaanisnie lddads
dl o dl Ul b £ dJ
Anuuaiva i liNanauauaIAINAadnIT Ta
. e Lonoad

wANFAN9aINAanIslaaia lunidun1maaaduuy
aa3lnae9gn wialdnisnaaealFufvAn
AITUIUNNINALAN (One-Factor-at-a-Time) HEH
= a & .
dn133tmenevimaunilsdaqau (Analysis of

Variance: ANOVA) Wah1n193tAsNEWAaeas

NURIME LA (Response Surface Methodology,
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RSM) tiaudeulafmunzauiign (Optimal

Q

v
Ao o a v

Condition) ann9uAfaNNeqdas wudn g9lui
n1sUImnATiANINATA DOE way RSM 111414
= , = o = =
nafne wazlinunisesandanlsynauanend
e ErTEN L Rt ST L W YRR GIT AN GETEIES EELATEAN
A ' = & o g‘/ 2 o K
waeanld waznnfaslaaanss Aaiu §idaaq
o aa d‘j = [ % o 1
Wasnstunldlunnswrandanlsznausangnn
Walilddanlsznaundaniiidnas 1uusama
o Ao ve 4 o ]
uazusenn Naneladndauniuunzansesusay

ANTLRNLGIN
2. 98015938

2.1. NMSLATANIAYAL

fanpuuazarsaiinldlunisinenil Ae 1
wn (Fly Ash) aanteelninaasyaclesguan a.
98ULAY Epoxy Resin 200A (Diglycidyl ether of
Bisphenol-A) Hardener 200B (3-aminomethyl-
3,5,5-trimethylcyclohexylamine benzyl alcohol)
ANNUTEN Infinite Crafts Co., Ltd. Silane Coupling
Agent ( 3-Glycidyloxypropyl) AINUTHN Sigma
Aldrich Co., Ltd. ulaanlal (Eggshell) anaaizan
wazeslnmdanlneanlasd (TiO,) Insanianisdn
afin P25 Tnnanlansenlas uaznsaledanain
vuwinsadesdfiAnasg ilasanniduun uaz
Tnmieylaeenlss 1ugnsiddauazseuii
(Hydrophilic) Tuanzianendiuasilyfidauas
laigauiin (Hydrophobic) 11153 LaafiaLmTieamn
assasninnisdsuanininaldasgaoulaiau
(Silane Coupling Agent ) Waliinnnansyanesn
Iraunazinaaawdusadanng gasialies

ansgaaulaian Aa (RO)-M- (R-X), Tae M iflumy
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Taviy 1w Si, Ti, Zr waz X wumylalla (-CH=CH,)
wre mjardily (-RNH,) uaz R ilungdursdiaan
7213 X iU M nalnniaiadjisenaesansgaoy
laautlsznaunlanisianszuauniglalnglada
(Hydrolysis) #avansgaaulgiauanninnlaiis
- Y o~ . .
wiaANTULURAALTuny lmauaa (Silanols)
anniiuny lranuasduiuny -OH UuNuEa2891n
ngpeaninalduiuareaniay (Oxane bonds) WAL
WNANTTEARATLRN 1298170 UNTE VTR IFQLAN
wazgaineasgaulaiawindfizeiuieain
= o z 1 . a
Anstianziunanadulundnevizaanainalu
an3lanuiy lun1sAnsnil Silane Coupling Agent
(3-Glycidyloxypropyl) axgnidan ldgusuanan
@i9du [13] Tuduazinatsgaaulaiay (Siane
Coupling Agent ) t5unnu 2 nfu wnazane luani
a aa v v [ tﬂl a
uaa 100 Hadans Idiunguugi 40 ada0
= =l ¥ 1 ¥ 2
waliaa 30 u¥ uwdaAen Tlseidniun vve
InmidlenlasanlasFunas 100 s agldne s
N17NIUFABLTLET 4 TG99 A28IAIN3ITAL 100 39U

] A A a =~ 2 o
ABRUIN NAUUNNN 40 IALTALTEA qqﬂuuuqiﬂ

q al

v '
¥ ° o

ANARLUINAL 3 A3 AT 300 NARAMT WATUEN
BUNIARILLATEY Rotofix 32A BLULIIN 80 BIAN

al QI/ U o o
vialded 1unan 12 49189 At NIUARaLAS
wuabildaynia 200 wa 1w 75 luasan azls
wWidnun warinmdlenlneenlasuiuniglsu
AN

\ = \ ° o =

douilaanldazgninunang uenitlamsius

v a v K o

WARLAAZIB AT UNIOYNA 200 T UWARRIHNNN
Jfuanininenissudneeailaanta 100 nsu 1w

ansazanslmasnlansenlaspandudis 0.04 uans
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153797 3 an9 Wlunan 1 $alue wanasinldnses
v eI/ U o v
LEN WATALWALTWNAN 12 Galud waaunuunled
Taauim 75 TuATaw AN LATENATAZALNIA
ToRaaA I UAINIAZANEENI1URA hazunal taeld
n7alaA8A 5 NFU LANIUBA 100 NFTN LAZUINAY
300 N5H NulAueReq WA 80 a9A AT
Wluaan 2 49l udaasdes ) Tsanailaenla
J e wy . L .
msenld waznausarluman 2 Galug nasann
ATUANHNIATLA21N 1N 989 waztineaRn le lda Lt

WA 12 dalug

o

2.2 NMaRsaNIdnlsznal

q

lunnsinui fadeld14sunsy Minitab 17
TuniseenuLLINTMAAeY Tadefifandetlszney
ldaney 2 1ade Aa FA (X1, $aaay 10-15 lag
‘i’]ﬂﬁﬂ) war ES+TIO, (X2, fauay 5-10 Taw
iﬂﬂﬂﬂ) Tnadndaulaeiinuinaes ES sa TiO, A%
pafili 2 sie 1 o Inedenldinalianiseenuu
dqulszaunans (Central Composite Design,
CCD) iipsanniifladaAnu e 2 Tade wasdl
mwm;uﬁmu‘ﬁ'zgmlumaﬁnmmumﬂwﬁ‘ﬂmﬁm
gNN1a92889 §1nsuiTasedat/suncd (Quantitative
Factor) TpgianI708nwLLTA CCD 5 sLAU AN
alpha=0.5 fiazsupuIdesis 95% v l%lduan1g
AENULLIVAMNA 14 NNINARDS AIUEAIILANIT
1 il Futlemeuguesiivianaa 4 A1 Aa Tensile
Strength Flexural Strength Elastic Modulus La ¥
Flexural Modulus lun19iasandanilsznay ay
ﬁmummmqmmﬁ?@@ﬂ@:ﬂ@uﬁmumuﬂu 150
N5 amsunisvaalulua (Mold) a2A3aAIWIA

20x20x0.3 LiuALNAg Leaeld Hardener 2008
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pesiaf 50 N Iuma‘m?‘ﬂu%ummfmﬂa:ﬂ@u
3uaqn1i1 Epoxy Resin 200A uazLd1undy
drmin g udndan Taevianisaay Epoxy
Resin 200A 11 Hardener 200B 1/34114 50 nfu
naulWidni 20 wnit andduihudniundes 7 Tulse
adluile gty Epoxy U Hardener A

saanalaanta warlnwmianlaaanlas nowld
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o = 3 ¥

WINAWAN 509 10 WA LATAWANNAIUNANI

aa A = o a vy o ¥ K
@xm@ﬂmmﬂu% NYPUNANNB 24 2Tue uanAg

(% 1
a A

unz@uwneun ldnmoaATesfnTuIuaITas 1
BCL 1309 1/38% Royal Intertrade Co., Ltd. eFle
AANNANIATFIU ASTM D638 Lszinndl 1 [3, 14]

LAz ASTM 790 [15] dsunagdeLaNIRITNa

A58 1 HANNTAALAUBITNNAUDILAAZNIINAADIAINNITADNULLNNTNAAANLLL CCD

Run FA ES+TIO, Tensile Strength Flexural Strength Elastic Modulus Flexural modulus
(X1, wt%) (X2, wt%) (Y1, MPa) (Y2, MPa) (Y3, MPa) (Y4, MPa)
1 13.75 7.50 20.04 41.97 452.61 1785.35
2 12.50 6.25 21.10 40.85 465.43 1730.75
3 12.50 7.50 25.22 38.02 579.14 1697.12
4 12.50 8.75 22.45 36.88 52514 1314.99
5 11.25 7.50 21.24 44.94 475.02 1924.54
6 12.50 7.50 24.53 39.12 571.17 1647.93
7 12.50 7.50 24.87 38.72 599.73 1635.14
8 12.50 7.50 25.78 39.72 605.48 1662.18
9 12.50 7.50 24.69 38.36 588.09 1642.02
10 10.00 5.00 22.47 40.58 480.75 1713.18
11 10.00 10.00 18.98 40.81 467.25 1840.03
12 15.00 5.00 17.71 49.61 420.62 2215.13
13 12.50 7.50 24.25 38.15 612.79 1651.21
14 15.00 10.00 18.20 42.51 435.06 1857.71

2.3. MeAAsIERaNTREInadanLlsesnay

m’?mwmaumuﬂﬂi:m A (Universal Testing
Machine, INSTRON, Model EZ-LX) 2441 ATUAR
viag 5 Nlatosu argnldlunimaaeuusbs uay
L396A 39lUNINAGALILIIAS (Tensile Test) A%
NAFBLATNNIATFIU ASTM D638 Tunpaauly
Lﬂuﬂizmwﬁ' 1[3,14] Lﬁﬂmmmmﬁmmmm
P (Tensile Strength) wazAnlupaanuEnvelu

(Elastic Modulus)

doulunisnaaeuwnsanm (Flexural Test) N9
nagauaviduanwizusannlAs 39m (3-Point
Bending Test) AznAdauAINNIRNTF1W ASTM 790
g . y .

AN AIAINANUNIULINAR (Flexural Strength)
uaz ATNRAAULINAR (Flexural Modulus) [15] Tael
NINIINARDUFAIDENNAT 6 T WAIUIALRALN

(ROl Eara e
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3. Han1sNAaaILaznIsanilsne

3.1. NANT5ALASIZUANLLSSIU

arnnsldldsunsy MINITAB 17 Tunas
AANLULNIVNARBNITNATA (Design of Experiment
: DOE) ARgARANITRaN UL UL TZauNaNg
(Central Composite Design, CCD) A vlauannsg
DANLULLAAIAIAITINN 1 NANDUAUDIANLF
a o dl U U
\dianavedanlsznaunldainnismaaeanie’ls
Neaulan17e8nlUUNITMAABILLYL CCD YlaUNA
14 nN9Aaed awanaldlunsnen 1

d' 1 d’ o ¥ a N yva

deneunaziidoyaliiinsnedldinig

¥ dl =3 k% & o
mm@muqmmwmwwwmummﬂﬁqnmu

AN9199 2 AN P-Value LAy F-Value WAAZNANTaLULAIASNN1T0ANALIAUFAAYHANITAALAUDY
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Graphical Summary L4 ¥ Normality Test W31
2 1 1 v a =
dayanavauatusiazA liiunIngalnunsuil
ANHUTARILTTHIAIN LAaTd P-Value N1NN30
0.05 B9ALadL (Mean) uaz ANLI5EF14 (Median)

AlnALABIAY ALl aunsnaglnatiugulag

22D

v g a v
ﬂﬂﬂﬂﬁﬁu&lﬂ’]ﬂmﬂLL@\‘ILL‘LI‘LI‘]Jﬂ[ﬂ RS VLﬂNﬂ’ﬁ‘

dayadin1suanuasdnf (Normal Distribution) §

= 1 o = = Adl U
ANluBasTAaiy waziAanNEDes anuails
AINNI9ATIAAAUAIINYNAB9 U8 LLUNNS

nnaas agtllaanliilaauialnfainnimeaesd

a & P = oA A
LN LL@xm'ﬂHﬂNﬂQf]Nu’]LTﬂﬂ@

Response Term P-Value F-Value F-Value

Tensile Regression 0.025 5.09 3.87 Significant
Linear 0.230 1.83 4.74 Insignificant

stength o are 0.006 11.95 474 Significant

(Y1) 2-Way Interaction 0.259 1.51 5.59 Insignificant
Lack-of-fit 0.012 15.20 6.59 Significant
R’=81.36%; R’-ad}.=65.38%

Flexural Regression 0.020 5.53 3.87 Significant
Linear 0.043 510 4.74 Significant

stength o are 0.012 8.75 474 Significant

(Y2) 2-Way Interaction 0.093 3.77 5.59 Insignificant
Lack-of-fit 0.013 14.73 6.59 Significant
R’=82.58%; R-adj.=67.65%

Elastic Regression 0.047 3.99 3.87 Significant
Linear 0.562 0.63 4.74 Insignificant

Modulus ¢ jare 0.007 11.22 4.74 Significant

(Y3) 2-Way Interaction 0.768 0.09 5.59 Insignificant
Lack-of-fit 0.005 24.21 6.59 Significant
R’=77.35%; R*-ad}.=57.94%
Regression 0.022 5.36 3.87 Significant
Linear 0.095 3.35 4.74 Insignificant
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Response Term P-Value F-Value F-Value
Flexural Square 0.013 8.52 4.74 Significant
2-Way Interaction 0.072 4.48 5.59 Insignificant
Modulus | 4 ck-of-it 0.001 50.71 6.59 Significant
(Y4) R’=82.12%; R’-adj.=66.79%

AT 3 aNNTIINERanLAueNaNTRTINaYedanLsTnay

Tensile Strength (MPa) Y1 = —89.7 +19.2 X1 — 0.51 x X2 — 0.837 * (X1)?

—0.112 * (X2)2 + 0.159 * (X1) * (X2)

Flexural Strength (MPa) Y2 = 237.1 —43.5 X1+ 19.08 * X2 + 1.860 * (X1)?

Elastic Modulus ( MPa)

—1.080 * (X2)2 — 0.293 * (X1) * (X2)

Y3 = —2984 + 557 * X1 + 32 * X2 — 23.0(X1)?

—29x(X2)2 + 1.12 * (X1) * (X2)

Flexural Modulus (MPa) Y4 = 14582 —2980 * X1 + 1492 * X2 + 126.6(X1)?

—85.9(X2)% — 19.37(X1) * (X2)

o

AAdeReAiunIsaIaaauANulstlsuse
Tmﬂﬁmum:ﬁumwﬁ@ﬁuﬁ 95% (0l=0.05) A%
1% pnduilsz@vsaneniaindula (R% AN192A
LARUAYIINLINNNZANTAIANNIT (Lack of Fit) A1
nisnszanedaya (F-Value) Araanniiaziiluy (P-
Value) a1nn133tAsziimanilslsqai (ANOVA)
[fie 1 unnsRsadeUUMAULL5T89ULLS AD
wastszananaudqliAsng o AvagliFeumey
WAAZLULANABN ANALTRILAATNARALAURIA
A13197 2 Selsznaudasanniaidadu (Linear
Model) @NN1TN1849484 (Quadratic Model) LAz
ann19U ANRUS (Interaction) W38 dunsRsELN
WU WLUANAANNIT0ANRUBINAN AL AU

Tensile Strength Elastic Modulus Flexural

Strength WAz Flexural Modulus AzRLRNZINaNEN
ANaagdaa (Square) NAAN P-Value Ho8ind1 0.05
AIULLLANAIN1T0ANAL RS Flexural Strength
~ . A 9 ' Y
RENLNAN Linear nA1 P-Value Uaen31 0.05 A¢
LAZUWULANABIN1TOANBEURY Flexural Strength
ATHANILINBNEURATATEN (2-Way Interaction) A
1% A1 P-Value H1NN31 0.05 WALLLANAD
Regression NAG I USUNANAUAUBILARLAR A
o/ v = 1 v 1 o :’/
flamelif P-Value NAN1IA8NIN 0.05 AaUY
LULANABINITDADDLUBINARDLIAUBILAALHIN L6
AT A1ATYNI19ahA a1nn1TaATIZiAY
4 . Y . .
wilstgaunAtA NERLUReNA 100 Mg WU
R’ 209U ULLANABIHANNGIUAN SNl R HAN

Wi 81.36 82.58 77.35 LAY 82.12 \afidus
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A nTuUNanauauad Tensile Strength Flexural
Strength Elastic Modulus LLa ¢ Flexural Modulus
ANNANAL ﬁf]ﬁuﬂ?xaw%r(Coefficients) S TaNZIINIE
fil&annuadiaszf ANOVA dednadu gniinld
L%umum?ﬁmwm?{mmmmﬁqmmuﬁi@:ﬁq
wis azldannisiiuiananauaueud azinves
danusznaulugy aummmmfﬂﬂﬁizulugﬂﬁmﬂi
Uncoded Units #aA5197 3
annIvNngaNTREINareianlsnauay
Qﬂﬁﬂﬂ%miﬂ:ﬁmmﬁmmmu%mmﬁmﬂiﬁ
1§ el lkTandaznaufiiuanauauasmnin
FeIN19Ae HAINIMTET HANAIUNIULIIAS
wazuwsadnge Td8angudneg nuaninnig
LﬂﬁlmuuﬂmgﬂmﬂﬁmqﬁqLL@zLLNﬁme Wudn
Frdauiimanzangesaaiuussdmiumastey

o

Jantsznau nalANansaunAIA NNINe la LT

A
7

@07 (Desirability) 489 Wu31 TA1Auianalaids

aa =X & & & Y & 1

anmgagang 100 afidusd wanelisiugn
?/ Il e‘d‘ o d’ Yo

HanaUauediuag lunusmnvuan irngegalu

v 27 =<
NNHARaUALeY wazid lnaAluNIa A NN

d o La . d

walannngn duAe danisznaunmTaNaInnig
g nuniBunnifaaas 10.8 Inavimin Usunm
naidaenldunannmilanlneenladsanay 7.42
Taauvin (dadaunaiddaanldse lninilan’n
aanlas w2 sla 1) ez lWladanlseneuni
AaulRA Tensile Strength 1l 22.72 Wwnziama
Flexural Strength Wl 43.11 winzi1aAa Elastic

Modulus i1 521.5 iunzd1am1a waz Flexural

Modulus Lilu 1950 wnziama
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v
o o

AN

o

a9 lANIN19M I RDL AN U

=)

antifdnaga9danlsenauniszanaIndndoun
d’l dll = a 1 o dl %

WnNzaNT aldTauifauAIniuientaann

o dl £ o ?; v
WULRNARANANIN I InevinnIameand 3 91 axla
ANLRALIBINARALAURIAN S Tensile Strength
1w 22.63 Wunzinaaia Flexural Strength Llu
43.32 wnzi1@A1a Elastic Modulus 411 513.38
WnEaAa ey Flexural Modulus 411 1977.69
wnzlnaana wanaliiudn annisannesnld s
ANAINAAIALARBULRLNTN 10 tWafidus Aasiu
ANN19INER AT AedNnsavnmn TEnwne Telu

=2 :’/d
NITANRIATNU

3.2. MIAATIEINSINRURIR LAY

T CTT PO IR PR [P Y PIETITR
(Response Surface Plot) aziduni1sduduna
gﬂrﬁ’fﬂqéquﬁumﬁwﬁr@mmﬁmezﬁ@mq:ﬁ
WN1Z@d (Optimization Analysis) Taaia11iiunng
Ammziifssuieunisfimnefidug lugiaes
NN (Surface Plot ) 199HARALAUAIUAAY

v o

Fassuanslu 39 1 WeRasINanauaUay

Tensile Strength wudn n13ldU3unos FA fifnngn
Yoenz 12.55 Tagtinuidn azdana i nuuseie
JanUsznauiArguileldisunn Es+TiO, fiag
Tutdasdatay 5 14 7.66 Tnemnmin FaAnnnamuus
Fegeiigaidu 24.40 wwnziaana e ld5unm
FA dsznnnifasay 12.05 uazilsunn ES+TIO,

dszannuFasay 6.25 Inainutn win1slUTuN

' v
=

FA waz ES+TIO, Nigandnilazyin I nuuseng

ANAN
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4

LHANANTUINARNBUAUAY Flexural Strength
wudn nslddInnns FA Tudndausrindnfasas
10.2 Tnednein uaziFunns ES+TIO, synansias

- Yoo e o
az 6.68 04 8.25 Ineniwnin azlidanlsznauinan
NMULINARGS witilelddndon FA nau azvinld
Auussananaslatantznisldliunundas
1 A U 1 dal 1 =3 dl Y o 1]

nanvisaNnnangasil atnslsfinny alddndon
FA gaunnndndesas 14.81 Inedvidn uazdngau
ES+TIO, semanefasaz 5.35 D4 8.45 aanniin
azdena WidanUsenaufAmuussAngauaeaii
WUANEIqALTENN 53.36 Nzaana Ndndau
FA fatay 15 uay ES+TIO, agiitlsennnianas
6.78 Tneinunin

\WHafaNsUINARaUAUAY Elastic Modulus
FEUINHANTENUIINAUTTNTN AR AU o Fid sl
FA uaz ES+TIO, wudn danisenauaziien Elastic
Modulus g3gn 1ia’ld FA Uszannudasas 11.92 Da

v
o

12.68 WAy ES+TIO, 6.88 119 9.01 Taaitimein il

Surface Plot of tensile strength (MPa) vs ES+TiO2 (wt%), FA (wt%)

Tensile Strength (MPa)

24

20
100

75
ES+TiO2 (wt%)

1
e 14

FA (wt%)

Surface Plot of elastic modulus (MPa) vs ES+Ti02 (wt%), FA (wt%)

Elastic Modulus (MPa)
550
500
450
400

100
75

10

12
14 50
FA (wt%)

ES + TiO2 (wt%)

129
dlo'ld FA dndouilszunnifenas 12.29 wag
ES+TiO, dndautlssnnnuiasas 7.90 Tnesimin
az 1A Elastic Modulus geiigaidlu 573,30 iz
nan1a winsldUTuno FAﬁﬁﬁﬂdW?faqmdﬁ
dnaiiazdanalviFn Elastic Modulus @mm%u@q'ﬁu
131104 ES+TIO, g

lefanstunanauauas Flexural Modulus
seUdNpEAnIEnUFINusEndnaafidus FA uay
ES+TiO, wudn n1sldifsaunn FA Tudndauiisn
ninfesay 10.34 warld ES+TIO, Bunnfesay

6.25 D4 8.85 Tneinuiin azlidanilszneunen

A
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Abstract

This study aimed to develop a carbon dioxide adsorbent from biomass residue. Eucalyptus wood
residue of 20 grams was sonically activated in 160 ml of a phosphoric acid solution of 3 and 6 molar
for 45 minutes. Then the activated samples were carbonized at 450°C for 1 hr in inert atmosphere.
It was found that activated carbon prepared at immersion in 3 molar of phosphoric acid solution had
a high specific surface area of 1,330.43 mz/g with mostly mesopores. Therefore, this activated carbon
was selected to develop as an adsorbent by doping monoethanolamide at a concentration of 10-50%
by weight. Effect of using two doping methods; hot-plate heating and shaking- ultrasonic, were
compared on the adsorbent properties. Results showed that the specific surface area, pore size and
total pore volume of these doped-adsorbent decreased with the concentration of the dopant. Using
shaking- ultrasonic technique gave less reduction of these properties than that of heating technique.
The adsorbent with the greatest ability to adsorb carbon dioxide gas of 59.67 mmol/g was prepared
from doping 10 percent by weight of monoethanolamine by shaking-ultrasonic method.

Keywords: Adsorbent: Carbondioxide: Eucalyptus: Monoethanolamine: Ultrasonic

*Hnsia: tmallika@kku.ac.th, WMIANY 086-459-9202
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e lddaunINanRuginIaIuou 3, 5 WAz 8 TauAn NANNLEITBLLATEELUE 1500 rpm HERIING

AuaesudniugdnaRfuRge Ae 5.2, 6.3 LAY 7.6 Nlaniusals AuanAL

AENATY: TauAnINAANUEIY LATasUaANAAR LTI LAINS R TUTR AUy AaRUET
Abstract

This research article aims to study the number of scoops affecting the seed sowing rate for semi-
automatic paddy field sowing machine. The number of scoops to be tested were 3, 5 and 8 scoops,
respectively. The engine speeds used in the test were 1500 rpm, 2000 rpm and 2500 rpm respectively.
The rice seed scoop has a length of 65 mm. Length of scoop area 25 mm and width 4 mm. Install the
equipment to the semi-automatic paddy field sowing machine with dimensions of 1500 mm x 1200 mm
x 1000 mm attached to a tractor 24 Hp. Data was collected for 5 hours with a 10 liters fuel tank for
diesel oil. The distance between each consecutive rice drop was 25 cm x 25 cm. At the engine speed
of 1500 rpm the distance of rice seeding was 25 cm x 25 cm. It was found that 3, 5 and 8 scoops of
rice seed scoops were used lowest average rice seed consumption rates 5.2, 6.3 and 7.6 kg/rai,
respectively.

Keywords: Rice Seed Scoop: Semi-automatic paddy field sowing machine: Swivel disc

*FnGia: pnattado@engr.tu.ac.th, 038259050-55
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AdAy: Uanlla vaidesdassuuiivyuieu uexluiaiaomn uanluiledase lumnam
Abstract

This research was to study the accumulation of total ammonia nitrogen (TAN), unionized ammonia
(NH,) and nitrate (NO,) in the recirculating aquaculture system to be used in consideration of the
appropriate water change for fish farming in the treated recirculating water system using biofilter
treatment. In the experiment, two stocking tilapia densities were tested as follows: 30 fish/m® and 40
fish/m®. To reduce the accumulation of toxic substances form fish waste, the water from the test ponds
were changed every 2 weeks. The study revealed that, the accumulation of TAN NH, and NO, in the
fish ponds were proportional to the number of fish densities in the ponds. If the water change cycle
was scheduled at 2 weeks, the accumulation of TAN and NO, was acceptable. However, the
accumulation of NH, was the main factor that must be used to determine the water change interval.
That was, water should be changed every 1 week to reduce toxicity to fish.

Keywords: Tilapia: Recirculating aquaculture system: Total ammonia nitrogen (TAN): Unionized

ammonia (NH,): Nitrate (NO,)

*Binsia; kulyakorn@kku.ac.th

avatsurgesnanluidalesau (NH,")

1. unn wazuanTuilodase (NH,) azazasagluinlag

a

Aupeiiuan nANunga-Ang (pH) uazguangi

& Y g =
ﬂ’m@mﬂmmmzuumugumﬂmﬂmwu

& d, & ga9ti Tutiadss vatlwenTudle M unusedanet
nnaeedanidaaudlalyrinisiassdanuuy £

Yoo dn ¥ . Tuataeanenluile®asy (NH.) wnnsadnistinun
AUANT THANNITALANAININUN ULAZAANNS § 3

y X v A c o nAUNN 1IN TW s LU A S U AU LU Y WA W
AN nU@gAnUalasslan s aedadaulug ) T
. e e waN TN HeTInNA (TAN) axfadgniininiNean
11a1nnIsTudnsresdaine iAAn1s4zaNa84 w )
o X o AT uRNma nuwanluledasy (NH,) fafu
wanluilaludelase wenluilueglugdaes ) 3 ’

° 1 = U o o 1 =
. . drannUelagalanarfasgnintianeauadas
wanluilalanaw (lonized Ammonia, NH,") uay u

£ '
=

- . . ; grnngaunauldlganludeasedanls gy
wanluiedasy (Unionized Ammonia, NH,) T9ay

o 5o oz n3LUUNNINTAtRgA N UBLAsNUaazI U Aew
avaneog ludniFanduenluilaianun (Total

Ammonia Nitrogen, TAN) AITNANTTD NN T ueuTuLiuyionan (TAN) lhifluluimsy (NO3)


mailto:kulyakorn@kku.ac.th

‘ FEAT JOURNAL

‘ July — December 2021; 7(2) : 159-167

4 o4 o a
FegnunnanANsduRNmiasanuan Tl dasy
(NH,) 16 grunaninfmanzasnazaiungniin
naunn g lussuuaasanuuudInyu ey
A o ~ =
ATHATAG 7 ATuanelumneed 1 T9azuans
LBNIZLNNIIRRRF AR NFA-AY (pH) wanTuly
auna (TAN) wanlatadass (NH,) uazlumm

(NO,)

AN51991 1 ALANINETRNzaN W9 @ELan

wifimes | AnTimanzas LRNGE

pH 6.0-9.0 [1]
6.5-8.5 (2]

TAN <1.0 mg/l [3]
<8.0 mg/l 2]

NH, <0.02 mg/! [4]

< 0.05 mg/l [5]

NO, <1000 mg/I [1]
<250 mg/l (2]

v ¥
o o a o ak K

AatlAfiAsAnENsazan s wan Tl

v
o

nauna (TAN) wanluifla@asy (NH,) uazluimnm
(NO,) Tuszuuiasauiusy Ly wdwiNe
Hsznaunisfansasndasuanesin lisnsa

\ X o H =
AlaNTRENLAIATT LU WREY
2. 98015948

AN9ANINT3AZ AN BN INLHRInNA (TAN)
wanluifadase (NH,) uazluwmam (NO,) Tuszuu

& H = L1 o
L@F;I\']‘]J@’]LL‘LI‘].Iﬁ‘ﬁ‘LILI‘L&']MH‘LAL’]EquW L@mﬂmimmu

161

N1310ARMETEULRLLAINTRITANN (Biofilter

v o

Treatment) wazlaptiunIsasesatl

2.1 mavyudauirlutiaidslan

TnASE I AneAeLATA 2 AN
FaT ANNMUULLT 1 WL 30 /AL, uas
AYNMUNULULT 2 AU 40 Fa/ana. luudas

ANTNALILULNLBLALNNAZALAI TN AL LULAY 3

v
°

18 TUIAANNALIBAT 5 QL. rﬁT\ime‘lugﬂﬁ 1141
= d’l o o v o o

W@eannnsiaesdatazgnindasagsuuinge
LUUFAINIBIATININ (Biofilter Treatment System)
FUDUTURNDINIA TBIA 5.0 AU.N. 91U 2 64
slaaynsniu lnaddnsnisuyunsudngszuy
1117pa1nUBLANINAGaULaAY 1.0 AU N./TU
AU 6 LB TN 6 AL.N./TU LAZAANITAZEN

= P ' ¥ X

1a92849td8lngngidaguniauia nUatas
nagaunn 2 dilanif Taevinnisilasudiayiann
UBIANNAROUNNLIATHIAT 4.0 ALLN. UATVIINIT

Anvinninisiaiiias 75 du

AVIMUUIUUUT 2 (40 A/AL.N.) AMHMLUMLT 1 (30 A/Au..)

UinAsiens 5.0 AUy

UhAnieas 5.0 au.N

5U# 1 deidetlan 2 Avumuy

2.2 msm’m%’mqmmw&ﬂ

A1 NLTUNTA-ANY (pH) kAL fouuqd
(Temperature) m@qﬁj’] Jamlaeld Multimeter by
WA e HACH 1iunaunenTulesiaun (TAN)

o Y

Fasowgiinen] Test Kit 8%a MACHEREY-NAGEL



] FEAT JOURNAL

‘ July — December 2021; 7(2) : 159-167

uaz Al (NO,) msadnAaeginsnd Test Kit
ﬁﬁ@ MACHEREY-NAGEL
ngAuIsALeNTHINBATE (NH,) AW
AINNITUIERNIIFIULBY NH,A1NN1TATIATAAN
TAN Tnsidannnslunisanuans NH, Asuanslu

ANN17 (1) wax (2) [6]
pK, = 0.09018+2729.92/T (1)
\He pK, = ANAIAITBINITUANEND

T = gouuniaedi (A7)

f=1/(10"")+1) (2)

Aﬂl o 1 al a v
We = dnduresweniuilieedss (Gauay)
3. uan1sI_aLazanisa

anuan13se levnnIsAusaat1adnaInLa
s a LA | oAl
ReNUATA 2 AINUWIWULAD ANALILULN 1
VAN 30 F/AL.N. WATAMNUUILULY 2 A8 40
fa/au.4. Inaiszazinanlunisnsnaniasn e
AaLiea 75 3u lnaln1sAsnefA NI Rmes 3
A1 Aatl mansLunsa-mne (pH) AnaNTuLile
VN (TAN) AruenTuifiedass (NH,) uazpnlu

B3N (NO,) UaASHA LRI

162

9 ' I '

3.1 n1sidagundasAinautilunsmn-nne
(pH)

AN3U7 2 ArANLTUNTA-AN (pH) Te9UNLe
dy 1 dl [~3 7 1
WRENUAIAMNNUILULN 1 Ay 2 aziulaanen

v e, A - X "
pH fagludaeinunzandmiunisiassilanpe
6.5-8.5 [2] wrazdluualiinaesAn pH NIy lnef

C oA A o
ARNUUIULUR 1 HALeRe pH aglutday 6.54 -
Cod a4 .

7.81 UATAINUUILULT 2 HAedn pH agfludos
6.85-7.80 T4AN pH NGITUALAILAFDAIIN
dindureauanlufle@ass (NH,) Nazanaagluin
\Wasanannasendng uenluille@ass (NH,) uay
wantuidelanau (NH,) azduualiduinaziin

wan T Hedase (NH,) Nan19y pH g33u atnelsf

' v
IS o a o o

n1d pH %um@mwmmnwﬁmam”mm NS

o

WinlsanTadeannnisanesin i AN g ANt T

o

A1 pH naugan1aziiiunang

32 N1SALANURIATLANINLLANIUNA
(TAN) wazwanlnladdss (NH,)

v
o

anuan1IAIALe N TNLHeTanNe (TAN)
y R P R
faya pH uaz gruuniaasun lutiaiaes tauiun
AruaniAwe N TNHadass (NH,) Gaduglans
A A a a -
sanTulaMiduissalan nanisaasiianaly

317 3 uaz 4



‘ FEAT JOURNAL

‘ July — December 2021; 7(2) : 159-167

mngﬁﬁl 3 wanIn1sazANTasLan T
Javaa (TAN) fiasuuuuiud 1 Snnsazasmes
A1 TAN 2211149 0.50 — 7.00 mg/l LALAIN
MWL 2 Snnsazanesdn TAN s5wdne 0.50 -
8.00 mg/l mmumLL‘Lium@qﬂmﬁQq%uﬁﬂﬁ’mi
azanaes TAN suilrngennaludaeidesannis

o = X
utnegesdzandanlutieldasnaaay Lazn

v
o

ATINHNTIUALUUNUT U TAN Aazanad o
nuaseleiuzin A manzaNaas TAN T 1.0

mg/l [3] wazldifin 8.0 mg/ [2] etnelsininAn

163

TAN lldgnnanadneiieluntsmauauamnnid
Tumsiaetananniin s NgdaudrAny lunnsitun
ANUATULTHNDIR9 NH, 04 pH uay @qmmﬁmmﬁ’]
lutierdenan

a1ngUlil 4 Bunannsazanzes NH, deldann
2R TAN JMAN19 e Fautlafuniy pH LAz
Qmmﬁmmﬁﬂuﬂmgﬂq wuinlupnamuLT
1 {n1342AN209A1 NH, 9511979 0.01 - 0.14 mg/!
LATAINUUULT 2 RnNTazaNTReAT NH,

$211914 0.01 - 0.17 mg/l TagBunuiliuunzas

tn—iel
[

e 1.,-5%;;@?_@4;@@5

13 5 7 9111315171921 232527293133353739414345474951535557596163656769717375

=i ay =i =i
— MIN-AHMUIMLUT 1w AVG-AIEMUIILR 1 — MAX-A RMUILILT 1

— MIN-ADHVLILLLT 2 = AVG-ATHWNMLLN 2 — MAX-Ao Ry 2

D

5U% 2 ArAnunga-nAe (pH) 2891 UaLAEN LA A NULNLULRA 1 LAz 2



FEAT JOURNAL

July — December 2021; 7(2) : 159-167

164

) =
(o)) L
£
= - [ ]
<4 E 3 1 1
2
X
0
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 75
= Day = =
= MIN-AMHULILUUT 1 @ AVG-ATHUUIMLUT 1 = MAX-AT NUUILLLTA 1
-_ I‘v‘IIN—ﬁQ’WJ‘,‘iuWLLﬂHﬁ; 2 m A\r’G-ﬁCWiJi",ﬂLL‘L;‘,Jﬁ 2 - f\*]AX—ﬂ'J’]‘n‘,‘iu”J‘,iuﬁ 2
a a2 L& \ o
guU 3 Bununsazanuentuileyianug (TAN) Uelasela1aumuiuium 1 uas 2
0.20
0.18
016 |
014 | 1 _
— 012 b il
58'3 [ ]
E o010 | T "
o
= o088 | 1
0.06 | - i
i L
0.04 | % i
0.02 | E %
0.00 X

1

4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 75

. Day X \
— MIN-AHWLLUUT 1 m AVG-AMHULNLUUT 1 — MAX-A9 HWUA IR 1

— MIN-ATHWLNLULT 2 @ AVG-AHULLUUT 2 — MAX-AoHWUIuLLR 2

5U% 4 PEnninisazanuenlfie@ase (NH) lutieidesdaiaaamuuiui 1 uag 2



‘ FEAT JOURNAL

‘ July — December 2021; 7(2) : 159-167

165

160

140 |

120 | % g
100 |

8o | % %
60 | -{ b 4

a0 | 3 E

NO, (mglL)

0 -

=
Il
=t

“ :

1 4 7 1013 16 19 22 26 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 75

o Da% o o
— MIN-AUVUAILT 1w AVG-AUMALTLT 1 — MAX-A2NMUILULA 1

— MIN-AMHMULUR 2 @ AVG-ATTHMWNINULTA 2 — MAX-ATHUWILLILR 2

5U# 5 dinainnsazanlumm (NO,) Tuteldesaipmununuiu 1 uaz 2

ARgRAN NH, 13ifin 0.02 mg/l [4] uaziAn NH, la
LAY 0.05 mg/! [5] vandeiaaslaniian NH, a¢
lugq9921919 0.10 — 0.40 mg/l azsin l&nTin
wanysiL g [7] wardndTunnigain 0.6 mg/l ay
agta itanme [8]
Tnetieffin1siasean A wings
VI TARLFH04 NH, qa%mﬁmmmnmmmmm
TAN LazAn pH ?izgﬁumm:ﬂ:l,qmaqL‘fluﬂ@ﬁi“ﬂ

FanfunnlinN9iia NH, azangau n1sazan
= = o = = .
goguanluifiaasliranawnafninisasutne

5 . 2 = = \
11 AviuAudlun1ndasutnaunazdaaan

nsazaNTad NH, o

3.3 MRz ANUBIA L ULAGT

HANN9ILATIEUlAN (NO,) uansanlugiln 5

T lutiaiaeanaaauiuinIsazana8d NO, 184
URIALINARDLAMNUWILLT 1 BgluTaseidng
0.00 - 128.30 Mg/l WATANAWILULT 2 atfluag
951914 0.00 — 145.60 mg/l 13110 NO, AA9na
e S T PSR
uwsednduini JeruiddaliuuzdiAan
Winnzan1es NO, Aasiaendn 1,000 mg/l [1] U9
U UL NO, A291REINd1 250 mg/l [2]
U3n04 NO, geganiinaulueineyiandniny

C A . 3 ¥ .

wwnuui A liuAuizin lunsiaelaninan
nsulagudnguiaInlelaeNditannIsasanaad
NO, Fennsazanaad NO, lusvuumiiazulsiusmy

\ g Lo
ANTUNLLLLasLa R luLia AN



] FEAT JOURNAL

‘ July — December 2021; 7(2) : 159-167

4. a9

ANANLTUNTA-AN (pH) 1%u13JLmeﬁiNrTumn
AMUNN2 BT AINMLALL 30 LA 40
AU, uAtluun lididn pH zgﬁu el 2 andimel
AnafTLTeq pH Tl AN sl 2ae
a1 wazaznauniianiazdnlnanauiiunans
(PH=7) Mﬁq@’mﬂmﬂ?{ﬂumﬂﬁ’m@ﬂmnﬂ@L?:m

TLdan09A7 won T eTaLn (TAN) wazA
wanluifadase (NH,) fnnsazaufinay uaznIs
Lgaqﬂ@qmmuwl,ﬂuzgq aziin1sdzan TAN uag
NH, annndmsiaasLlan Ao wLe vn
ﬁmimwmqqqmﬁmmmmm NHﬂuﬂﬂL?i”mVLaJ
1N 0.05 mg/! saunailasuinaasasinnailas
dnatinanfingdas 1 A%t azdaaANIIAZANTAY
NH, Watflugdaaianzeald

ilesannlumam (NO,) A AinannuLTufie
sadndintastianunsniilutieideslanluFunn

‘V]'ZNVLL'%J muummmmmimmﬂmmxLfam 2

al

D

a e \ = ~ PO
[INAE qq»l,ﬂ@x@ﬂquﬂﬂﬂﬂwLL@ﬁﬂﬁquLﬂuWHmﬂ

v o

hive
agnelafimudaulsndrArysenisaounu

Y 4 .
AN ABLENIMNN Az aNT8 NH, liRsifiu

1
o A

seauiidunesedndun (ldaasiin 0.02 mg/)

v '
o =

Faiusrezinanmunnzan lunisiasuanesin sy

Narsnffununisazanses NH, luwan uay
A Yy

AfTagungdnNeaNTingas 1 AT INeanAa1HLLY

W89 NH, fietlan

166

5. neANgsNsEn A

o

21970UAM A1UNIURRININIITENTINERAST
(B9ANIINYITY) LATNGNIRETAINTIIUNITUUAL
walulatinisaruANan R AnlzddInssuAEns
NNINYNALLDULAY ﬁmﬁumguquﬂi:mm

¥
o

TunnsAnmasedl
6. LANAITAINDY

[1] Yang L, Chou L, Shieh, WK. Biofilter
treatment of aquaculture water for reuse
applications. Water research. 2001;
35(13): 3097-108.

[2] Dauda AB and Olusegun AA.

Interrelationships among Water Quality

Parameters in Recirculating Aquaculture

System. Nigerian Journal of Rural
Extension and Development. 2014; 7(2):
20-5.

[3] Zweig RD, Morton JD, Stewart MM.
Source Water Quality for Aquaculture: A
Guide for Assessment. 1999

[4] Buttner JK, Soderberg RW, Terlizzi DE.
An introduction to water chemistry in
freshwater aquaculture. Northeastern

Regional Aquaculture Center, University

of Massachusetts. Dartmouth North

Dartmouth Massachusetts. 1993; 170: 1-

4.



‘ FEAT JOURNAL

‘ July — December 2021; 7(2) : 159-167

(5]

(6]

(7]

(8]

Masser MP, Rakocy J, Losordo TM.
Recirculating Aquaculture Tank
Production Systems. Management of
Recirculating Systems. Southern
Regional Aquaculture Center
Publication. 1992; 452.

Kenneth E, Russo RC, Lund RE,
Thurston R.  Aqueous Ammonia
Equilibrium Calculations: Effect of pH
and Temperature. Journal of the
Fisheries Research Board of Canada.
1975; 32: 2379-83.

N faiffazgqaémf uaz 499aE 1189INHN.
nansznuresuenluiduredndin.
FIUITUNANITIREY . NTNANUIAVARNT
1IN19: NTUNNY; 2549

Durborow R, Crosby D, Brunson M.
Ammonia in Fish Ponds. 1997; 32.

167



m FEAT JOURNAL
e / FEAT \ ” FARM ENGINEERING AND AUTOMATION TECHNOLOGY JOURNAL

o Engineering A Automation ooy A1FANFIAINTTNNNTHUAZINATUIAENTAILAND A LUIIB

Research Group , Khon Kaen University

AUz I UNITFIAURLTLUNAMNINDNANTUIRANNN

yeansaaanssunsuuazmalulatinouaudnlusi® (FEAT Journal) #nnuusaantiugie 6 1haw An unsax -

a o a

{QUIBU UaT NINGIAN - uaNAN 2099nT AaRNNinenguidedmanssunsuuazinaTulag AR TuIR A

a o

AAMNIINAIAATUUNINAIABIDUUAY LNAITUNIEUATHUASLHAUNT AN HAITUNIIITINT IUIRUN19AY
A

o o g N a

anssnnanfuazinalulagniauiadidnds waunsnuaniiunisAnmasiie ludssinadas unasanRneadly

9197419 FEAT )NUNANUUAZFBgE1uANIiuga AN Ensan @ lua1aniineadesuas a9 u@nsniu w.e.u.

AUANT W.A. 2535
AURLLUNANN

eadjuRniuudninaiegrainsenin SauwateaTdsunsy Microsoft Word for Window
alindidnwsluunanatunim nsuaznimdengy azdeqldidns s Cordia New ianum A NE19
1a9siuatiy i 12 wih sangdnnuazaeesne sedia uauA lidiiiu 10,000 AN
nganldnszanmauim A4 UsuAnlaseauianszae A9INndNe 7.5 9 AvNge 10.5 9 uasgluuumeingdu 2
. . x . O S z v -
ARANY $281Z1N4 0.19 19 NIBLIBILNANNANMUAAE 2BUAIULIY 0.88 H9 19UAIUA"N 0.75 T3 sinudne 1 19 uay

AL 0.75 119

TAS9A519UNANN

o o

dgl dl U U o Y o dy
HREaNIR9LNANARILIZNALA2ERITRANATAL AT
1. Unu

aal a o

. A8n19948

. Nan1sIaekazanlsng

a9l

. ARFENTTNUTZNNA

o o A W N

. BNANIAN9RY



£ ~ FEAT JOURNAL
1/ FEAT \ ; FARM ENGINEERING AND AUTOMATION TECHNOLOGY JOURNAL

Farm Engineering And Automation Technology

Researc Grovp oo Uy 91§RNFIAINGTNATHUAZINATUTAENTATLANFTUIIR

FaunanunElng Cordia New (UM 16 90 AILUHN)
TAaUNAMNNIHIAINGH Cordia New (TUIA 16 A0 AILLN)

o .
FTLYRNET-UNANAHTEU NEIng (2110 14 q0)

al

FTLYRNET-UNANAHTEU NN (WA 14 40)

al

o

wumif;mwuﬁzﬁ”q m fiden e lve (un 12 90)
i:wmmmﬁaﬁ a fillen Sangw (2wn 12 90)
Received: ..................
Revised: ...................
Accepted: .................

Available online: ..................

UNAREa

o

Faagn1sdninienansiuatud miuaiinludainssnans unaneduveuuiy Ast R nAuuziiet
Ve o P | Y o A a = o raal = = ' a °

\A3ATH LnARtapITieteinR NeBuNade dhnszatd 35n19ANE nan19Ane wazagyl liaasiin 300 AN

AmanfidundangeliiasnusAusnidusia Auwlugy Arluadudallduionumian

o L o =& i 1 o v R =
md’lmg: AU 4 D9 6 A1 NE INELAAZANT WA 1 n bLNfﬂfa\‘illazmﬁﬂ ()
Abstract

This is an instruction for manuscript preparation for Publication KKU Engineering Journal. Please follow this guideline
strictly. The abstract should contain a single paragraph describing objectives, methodology and a summary of
important results and its length should not exceed 300 words.

Keywords: 4-6 keywords, separated by colons. and the first letter of each keyword must be capital letter

“Bapia: E-mail, \wWasngdn, wasnsans



1. unid

UNAINHLARIAIDEIUUININI TN AT 299
ADULNARNNWIUIAINTINANT HUNANEIABURULNY LAY
TdsadfuAniuvaninasiagnainsanin anNuaae

T15n9sH Microsoft Word for Window Aa1d 819984

suatiuavsaaluiinie 12 uiin #a1usuanladniu 10,000

o

AN
1.1 AUIANTESANHLLASTSEZUDU

nzanldnszanmaunn A4 Usuidnlasaauinnssan
ANgn 7.5 T AIINEN 10.5 i wazgtuuumingdu 2
AR 32E9N4 0.19 19 NIOLTBILNAINNANULARI
JaUAULY 0.88 T2 TOLELE 0.75 T e 1

wazAWL1 0.75 Ha Widu 1 uesinszudneinGemnass

1.2 FUANIBNES

luunarnatiunm meuazn wdanneazfesld

. , Yo vo o
Faens Cordia New viavn e unAdnldimsnsszum
16 A0 FIan) Jusa IEAAEN1HI99TNANIUIA 14 A7 @D
wardeyafnsaldfagssuniauin 12 an FFeuazia
et asldanHI8ITNANIUIA 14 9A NITUITLLUAY
& y o . R
annldmasssnniauin 14 9 A1 luaauniu

mudangelidusidnionun
1.3 #1USUNISTAIA LTt

Iildrndnesauin 14 am dauun TEantansaudie
1 o £ 1 U o o v o
wAazadeteuazidu 1 ugsvin (Usuldussvimuaunn
wihTudnmsawna 8 9m) dauiadaties idauausiaating
pagneinngsiallil
,;
1. 918n19u3n MeIENITH
2. $18N19NADY
2.1. 918n158as

3. 918N134AYINe

1.4 TAseds19UNAINY

d’j dl ¥ k% v v ° o
AT LN ANNABNLTENA LA TAANAAL

zR
=he

.U

N

. A3n1913IAE
. Han19IReLazanlg
agu

a

. NeBnsNUsEnA

o A W N

. ANANTEN9D
2. FaunAIN

4 v 4 . y
FAUNANNIFTINAULNAINNNLTTN AT Taeld

o o

MENWITUIA 16 A0 wazluAMUN ARTELNAINTAN

nsaudne

3. %@ LL[FN LLﬂuﬂn"I‘u‘Vl ARFD

A

4 o
FefuieRuldTaunAL AnTaLusliatTang

neaudie ldAadnessssuniTunn 14 qn Tunsdld

gvinaduvanevinuaInuiaeuseiulinadusaen U 2

2 [

18978 115U Corresponding T ldiATaenang *AAy

—

Iede anunsinsie Tinueguianeu sial swdlel
dszina Aunldredusialdiasssuniauin 12 9 40

N9NFAULE
4. unAnta

unA NN IngarFasiundntaniwn inanay
nnegange Tidu 1 UFINARINADIUNAAFD NN

[ 1 Y s £ o 1 ” d’l
unpnealiiade “Unmnea/Abstract’ LIBAITNYB
UnAntaliAI9AL 15 UTINA 139 300 AN FALUNAINK

mdanelaifesiunAntdanimine

5. ANAATY

°

UNAMNLARZITRIATAZAANANATY 4-6 AN me”‘u

o ' '

WdagnAynanndsluunaiiu masldArdAysaann

undntialae lifaaduusin



6. WWamIN

4 X, v ' Y ¥ o A a v oa -
WaTutautin v leHﬂ’ﬂ\‘i IUUTTNALNRASLTHAWUNNN

1 ¥ 1 ya o 1 =
ganiinlud TWRNNLNAMNLUAIRIALI1R9NTZAE Ad

Tne/lsdfaaldnunaaaninnanfuwunaany
7. HANI5IQ8

lauanANITIAE et ALaY AsaLsziin AdsH gilnw

=

“ 4 d < y
WIam139LsTney TledgLvren1selssneunedssy
o & - AT
denlaslwileniunann nsesuneliddeuiu dmiu
1 ! ¥ ¥ a
nagszyudaesiag o e lnauazldnisedune
& & v o 1 v dlﬂl o 1
wefldusAiaA1dn Feaay lunsainninuanudaadu

nudang e liryuULRL TWiINe
7.1. MSRNAUAUAY

nsaNALAdUeENaI8 JUNN N9auazEaNng
o a ¥y & 9
azfaailualensia nnannisazsiesianduaelin

98U Fasat1ese lUTl

D= (“SZTC) 0.5 (1)

o

Tnanusludnnisldld Cambria Math 2116 11 64
dyaneallild Symbolaunm 10 14 Math Type #3a

Equation Editor Tunns@eugunns
7.2. gUmnuazmIse

¥y v = =
s MuaTANTNazAasiiaNndaiNesnenaadly
= o ¥ A o ~ o =
nilapadnles vizalunstiadlu ensineaazidss
Tunanerasenlindrafundinseany gurvazias
Suingeulunisdnninidedluauiaininuail Tny
=1 = 1 o o A U
ANNNIDNDIIUINB AR ALAT B UAINIIE D Tn WA
o/ o o/ dl Y a £ 1 (l) 1
daaulnedodnusnldaduisgiazdasliaindianin
10 gUnwanenduasdesldiduniin@nnniasanitlsunsy
v Visio, Adobe Illustrator, Macromedia Freehand

- = ' ] A
M?@Iﬂﬂlﬂﬁ‘ﬂqr]mgﬂ@uj @quﬂqWﬂqﬂﬂQ?LﬂuﬂqWWNﬂqu

ANTA

sunmasiisnaavidaawiniandu glninyngd
o = o o o ¥ ¥
azfasivnneiaLazAussenanwnniulanan Tnels
al o o all dl dl a &
FaeRnaaundsing ann 3un 1, guR 2, . WA
wineaswazaaglldlagnan azdasniuualians
na19enas Iduded919 1 ussin uaIA1Usne gL
gdnrnnngt wazmnsenasendsangluunagiu
¥ = Y oa d”
AzpaeRn17en98s e
Tunsainiiuanseazfesiiarussenanaiunngsld
= o o o o
wilen31eing WiEeenuasundsing an 1, 2, 3,...
o ° va ¥ v v
A199azAasn nunlidnreudiavesianans Tdu

F099719 1 LIFNANAUAILIIUNLAITIAZURIATN AN

FnBeiN9mAN99MaTs

M15199 1

ARENNSLI AL URISI9N 1

Redox Diluent Method ko s
moiety
R1 D1 ILIT 34 x 104
cv 33x10*
R2 D2 ILIT 6.0 x 10%
A9197 2
Fraghamadaumsnsd 2
X a /m, 26,
0.1 2.7470e+01 2.7483e+01
0.5 3.5352e+01 3.5360e+01

8. n1sanudsana

Y Yo =

nnsafidsenaia e e ullavuiiuadeasin
o a o ae ogd o d o
WenfFauineuiunan1mduredgan inalauagnieiay
I seTamd vndagAlunisadeuneasng 4a4 uan1side

a ° = a o
uaznrafdmenaanatiun@aulilunawneaiu

9. @51

q

agtliszifiunazansedAnyreseuian lanrsiaanu
gl IeunAINT89INLAT LA FIN1IRIR AR L

ANHEFNTIWNYINUNAUIINTEIIN AN



10. nAANssNUsENA

o N
watdunisiansa ey Ay W uatiuayuagy

UsziiuuazanszdAtyaaiidae luaasiinauanonin

Al Tnaunasinaasituaeslisunisnsiaaauanng

ST IWNYINUAAUYINNNIAIIN AN
11. LANAITEND

N9 TEUeNANIE198s sz uuIIUAeS (Vancouver

Style) VT\ﬂmm"memzmmﬁ“\mqw

v 1
o

VD ANANYTOIUAZANNUNITE TN LDILNAIN
viaumasldianansdnedeanansansiietlugau TCI (Thai
Journal Citation Index Centre) Aau1samgagau e by
v ! ¥ ¥ v a

daund1feuas 70 uarAsldn1981989NI89U
HANTAAE LONA19L9TNaUNIUIvN UATWTRRINNTINUE

winAaly
11.1. n19a19R9 lLLHaMN

wuUN198198enans lsilannaasunany gy
1% v al o o o o ld‘d v =
FaLa 1 EENa1 AU IANNAIALIDULANANINRNITE19DS
Twilannarunneiarngenaluiie Saaiuayfansany
punearnininiuldludauianansanadanne 1iwld

Faia1 81900 WA UARR I ETaA NN N1E198

¥

TWUNANN W [1] 9198 [2-4, 8, 10] UNEDNBDNAGUE]

al

WiaP 1 w3e a1AUN 2,3, 4,8, 10 IALTENANALAIN
WNIELAT 1, 2, 3,... laudaaangaiing a1un1981989

NTALUANANIRN98

11.2. ARRENNTTEUANAITANBIVNLLTAS
Waudedanuuwauges wazlad1edeluinezes

v

dld dgl A a o ' o
L@Wﬁ:wuﬂﬁng‘lumwmmmmm@uwmﬁm%mmu

o

N9 EIUEN9B9A NS

[1] Murray PR, Rosenthal KS, Kobayashi GS,
Pfaller MA. Medical microbiology. 4" ed. St.
Louis: Mosby; 2002.

o

[2] A7 AUANAIANA. NITRANULULTUAIU

WPFEIANING 1. LTANINEWTURS: NJINN; 2540,
= ¥ a
1. NMITLUBNBIRININIANT

3] Ramazan B, Cetinceviz Y. A Water Pumping
Control System with A Programmable logic
controller ( PLC) and Industrial Wireless

Modules for Industrial Plants - An Experimental

Setup. ISA Transactions 2011; 50(2): 321-8.

o

[4] antyuaun wdnes uaz anla 2asEnAUgIN. N3
nam luTammaandnaiuindnasenszuaunisld
el iseuaclald dasedfisendaemm
WAANIITIURBINGH. 919A1THUITNY1AE
ULIAIT. 2553; 18(3): 20-6.

AIEBUNALNNLAN NItlgusain 6 Al TilaTaguse 6

AUKIN AUATELATENNNIEAANIA (comma- ,) UATAN

k4 ¥ © ! 13 ”
st et al. warn1E1 e ldA197 “wazAny
2. NNSAIHUANBIRANNANENTINUS

[5] Promma K, Thong - In W. Algae Cultivation for

Biofuel Using Effluent Wastewater [ MEn
Thesis]. Khon Kaen: Khon Kaen University;

2013.

[6] sz wnaAu. n1rantFNN A aneinlun
Taanisdsegnsldudannismalulatiazenn
zﬁ’ﬁﬁuqmmwﬂﬁm%wmmmLﬁn. [N Twus
Uy IAINITNAIARTNUNTUTA]. UDULAU:

NUNINENAEIUDULAL; 2553,



3. MadaugNEsaINLNANAINNILszgNITINIg

(7]

(8]

Kimura J, Shibasaki H, editors. Recent

Advances in  Clinical Neurophysiology.
Proceedings of The 10" International Congress
of EMG and Clinical Neurophysiology; 1995
Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier;

1996.

UATUNS WMOANIANG WIT 8IARNT LAY 4NN
s fAnG. n13dantenisldindrudy
nezuUNItan TugRaIunIsNNARNINANN
wwantenalulagaren. nasdssguiannag
dewandenuviaanindedt 14, 27-29 WA

2558, Fandmiaeluu; 2558.

4. N1999RLENATRLANNIRNNG

(9]

[10]

Foley KM, Gelband H, editors. Improving

palliative care for cancer [ Internet]
Washington: National Academy Press;
2001 [ cited 2002 Jul 9] . Available from:

http://www.nap.edu/ books/0309074029/html/

MUz, (@eeauladl). [MDwledun 16
nangAx 25501, dndeldann:

http://.www.doae.go.th.html.detail.sunflower.t2

.gif



