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AsvnanT1ziwanzaulagld Central Composite Design (CCD)
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Optimization using Central Composite Design (CCD) for
Fuel Briquette Production from Water Hyacinth
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finauwn (Eichhomia crassipes) Saduiafishiiseussdedvianasnnuazeuauldenn Yagtufins
fnaurnuissleninnmneiusmisyinszes vosa ownsdnd fwdanm Jenin wasdomassaui 39
nsuAndemassauiintagimdefiienisnuasielrufouriefiuyamauiues Tannainuaslé
nseanuwuUdLUsEaNnan (Central Composite Design, CCD) VoalUsuNTU Design-Expert ansatealeg
e wasdenyeiiifianneliesnin sufsnansnadensmaufifvedisfuiiinnsmevauas (Response
Surface Methodology, RSM) vhliidiunmesnstnauiisanuduiusaosianys muﬁ'«i’aiuﬂ%gqﬁﬁimqﬂi:mﬁ
WeRnwanmefimnzadiaonisld ccd lumsesnuuunisnandemdshurinndulednauemn Tnefudsves
anUszanuiifendios 2 dhuus lun uteiudends ) uag dwlsl ®) thieyamnmsieseisenisesnuuy
nIMPABSLUY CCD BeUszananasmelusinsy Design-Expert version 7.0.0 msussananadeyavillsuamnis
NARBTT 12 WHUMIVRARY WeAnwan e Timnzadlunmsidemddnuie udnhmadeuvesdomas
elunseassnilunsadsaunsonnesindeans Ieaums ae Y = 19,412.00+690.25A+218.46B-1,506.00
AB-5,269.88A%1,828 37B% uazimnduuszavisandisiug (R) wihiu 0.9870 I@aaﬂnzﬁﬁmﬂmaﬁauqqﬁqﬂéﬁmﬂ
aumsannaudaes e WanunaduutlsiuSoray 30 uavnsmuliBovas 00 smenuSoueaitomas 19,632.00
wraerensy FademdsauienndnauritlilieudulUEesh idudemadunsidmmdounaumii
waEAUIINUSITUIA

v
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Anandgy: dulodnauy; wdely; meauld; Bauiiian1snevauss

Abstract

Water hyacinth (Eichhornia crassipes) is considered a serious aquatic weed that is abundant and
difficult to control. However, several useful applications for the plant have been found, including the
production of paper, boards, animal feed, biogas, compost, and fuel briquettes. Production fuel briquettes
from agricultural waste can enhance the value of agricultural goods and materials. The central composite
design (CCD) in a Design-Expert software can help generate predicted model, optimize processes, and plot
the three-dimensional response surface methodology (RSM) graphs, providing a clear visualization of the
relationship between variables. The objective of this research was to optimize the use of CCD for producing
fuel briquettes water hyacinth fiber. The two independent variables considered were the bonding materials:
cassava flour (A) and wood charcoal powder (B). The CCD approach, processed using Design-Expert version
7.0.0, suggested that 12 experiments were appropriate for studying the optimum conditions for the fuel
briquettes. The calorific value was used construct a second-order regression equation, as follows:
Y = 19,412.00+690.25A+218.46B-1,546.00AB-5,269.88A°-1,828.378” with a correlation coefficient (R”) of 0.9870.
The optimal conditions derived from the equation were 30% cassava flour and 90% wood charcoal powder,
resulting in a calorific value of 19,632.00 cal/g. The advantages of these briquettes include their potential

feasibility as substitutes for firewood and charcoal from natural forests for heating buildings.

Keywords: Water hyacinth fiber; Cassava flour; Wood charcoal powder; Response surface methodology
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IngusrasdiflofnunasRaundrunasluniann
WeimasSausanidulednnurndeniseaniuy
NM5NAABILUY CCD AATztimaelusunsy Design-
Expert version 7.0.0 lun15a@319uuud1ass
nsndamanslunsmangingauiigavos
dnIIdIUNaNTDIanUTTAUTEnIN N W lTuay
wilsdfudilidnauieudiganiovrlugnisld
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Tuewpnsaly

2. gunInluazAZNIg
2.1 MIATENTEANY

dnauraAvanusuaasin diua
Utmes Suneutaves Sminuumy3 uazushin
W3u fvualste duneaunsw Saniauasugy
Tethinaurnundehaaasenn uddesieinios
gounauY (Walag i vendusuAsunTIlsm)
Tndudilevietudn sndubluanuan 47 fu
WIAUNTTTARIA

2.1.1 M15ANYINITOBNUUUNITNAGBIUUY
CCD wousaquszauiivmnzaulunisuadomae
Sauna

Anwianmgivnzanlunsmannuau i
Bandsvesnisuandendsdauisnnnidule
Ansuywskas TanUszanu eaulivazwladv)
mvualiidulednauyinfnsesay 100 LHudag

Usganuussunadosas 15 eeUsuins n1sane

anefimuizanaindadiuveaiagUszaiy
wiseanilunsauliifesay 90 uazuthduiosay 30
WuA1naie (center point) lagldlusunsy
ABUNADS Design-Expert version 7.0.0 U89UTHN
Stat-Ease

nsvhideinAsdauvia Buainnsthdauna
UIAANLARIIUATNAIUNANIINNTTODNRUUNIT
VARDILUY CCD e uRasTvuai iy watiJan)
flFdiaesdaurisuuuindeasnintusuuns
Anwriulilamnueniuvisas 10 wuiiues Tunis
Anuiadeiiianun 12 Awaaes fuuasinans
(center point) A NSLALKNEIUTOEAE 90 LA
wladusewar 30 (Fndiuvesianusvanuiosas 15
sawdulefinauylagy3uns) fedradandauns
Guanmswisudulednauyn 85 Alanu (muey
Thsinduyndsmaass) unsaiuganiuudaiy
Feway 15 Wumsiduauiosas 90 (13.5 nSu) uae
wlsiuewaz 40 (4.5 n3u) \Judiu vinsveassas
3 61 910y 3 Wi Pnduthdiisaldeulugou
sufouifioldautulidnuuts uasiauiiléan
ﬁwmﬁmezﬁ@mauﬁamqé’mvﬁal,waa 1AgN1s
'3mezﬁqmamﬁ’ammm%famml,l,vim%aLwaaé”mwiq
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f89@09 (second order regression analysis)

Table 1 Experimental ranges and levels of the independent variables used in central composite

design.
Levels
0 -1.41 -1 0 1 1.41
Factorss (%) (axial point) (lower point) (center point) (upper point) (axial point)
Charcoal powder (A) 70.86 80 90 100 104.14
Cassava flour (B) 15.86 20 30 a0 4aa4.14
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Table 2 Experimental design used in response surface methodology of 2 independent variables,

charcoal powder (A) and cassava flour (B).

Treatments Charcoal powder (A) Cassava flour (B)
1 80 (-1) 20 (-1)
2 100 (1) 20 (-1)
3 80 (-1) 40 (1)
4 100 (1) 40 (1)
5 75.86 (-1.414) 30 (0)
6 104.14 (1.414) 30 (0)
7 90 (0) 14.86 (-1.414)
8 90 (0) 44.14 (1.414)
9 90 (0) 30 (0)
10 90 (0) 30 (0)
11 90 (0) 30 (0)
12 90 (0) 30 (0)

2.1.2 msnsrsvigaiasTin I naoinae

m'ﬁmiwﬁﬂmamﬁ’amﬁwmﬁ'g@Lwéwaﬂ
wingemaiildannisesnuuy CCD Wavun 12
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US1nammu (moisture content) ¥n1s3uAS 89
AUITUINTTIU ASTM D3173 lagdaegaun
An51e9t Tnelvinnuseunsilugieu (Binder fu FBD
240) figaungd 105 osrmwaidea wielwlothszime
9n9NFI0E1e MsmANAUTuRlFasnsaru
nnimvesiegaiianas MsmUSINandn (ash
content) ¥N3IATIZARULIRTHIU ASTM D3175
Tnsshsegrsunnlulildnnudoulunmn 7
gaumgil 750 esmuwadoa Wuan 1 lus au
nseiisldhmininsfivesdrefuimdngfimaess
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dlevtasurunuis 5 seeu anllumstmundu
AaeiLUsoasy laean -1.414 way 1.414 Juan
ﬁﬂquLasqaqm U10ONULUUNITNAABIVBILARY
AUsnua1au (Table 1) ﬂ'awh'?i'ue] (-1, 0 uag 1)
TUsunsuagyinnsUsEanana nuil 3nnsusedna
wadoyavilildununisnaaosis 12 Awnaes
(Table 2) nasaNNIsUEUINIATIZIAMALUR
msfrudomds nuth ynamaastlidianuiy
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9,105 53 19,632 uAassfandy (Table 3) uanani
wundnwaemasauieilatdnvemiouus
ﬁﬁLLﬁngmaﬁmn&haﬁ’uﬁqﬁ qmiﬁﬁdauﬂizﬂaum
suferas 80 sufuutlaiuferas 20 Avesuyiade
wdseandunanuilaiu (Figure 1a) Wielduieiu
anaumdndera 15.68 Mmsimedalvuadomas
anas Aeuviilsesuanialuissunalidinesnainiu
(Figure 1b) sghalsfimumsiiuuetuunniy fe
Yovay 44.14 dileumdouduiisanntuyinly
Snwnurveuvisiidnlifunugunssvesnsruen
\A3038Ag1u (Figure 1c) UG TR
gosauldSevar 90 wauudeiuios 30 (Fnang)

Science32-N6_1.indd 40

40

IisUnssveIwianugunsanseuenda Aedsunse
6 wiavy A dudimadunaziaduueniniig
uwandtios (Figure 1b) iewnuIeuifieuiuen
UINTTIUNERASTUIIYTU AUBAWYIS (UK. 238/2547)
dudauvisdelidnuaueunsafeliu vuialngd
Westu Sdmaiaue Lisizorauanldvi
sl udedluilasifnlvinseidiy Anuduldiiu
Yovay 8 lauthmiin aanudeulitesnin 5,000
LAABINBNSL USinauAsuausoas 70 @155%ine
Igdostioninfevay 25 wastidUsvanatovas 5
[11] Fouwiadowndsiildannsdnuidslivmzay
dwulilududmiunsdiluaiifou tiesann
USunauansseiveresinusaLrianlinauyilang
(USunauanssewmesesay 87.04-91.60) vilvinaiy
Tunsurlndifusinamn wnuwiadomadiduly
Uinasnnassavinlifanssemefiinanaisusznau
A1suau pendlau wazlelasiouuSunauniy
sulludeilvmanuduiivesdruwisandule
Anaurags (Aranududnfesas 9.00-11.50)
Lé’wsmmﬂdauﬁm%amﬂmimﬁmm%fauqa k)
a159dun3d Usgnauisussinualeviin
Tnoansofunidazaarsfanareduiuazing
AsuaulaeonlenyliudainiAsut1auInAIY
Vsnandulefisauiulufeuiomas diuszosna
Tunsuenfuvesdenaroudnegs 1iesanen
ANdUBUANT WA (ANAduDY
AIRISRBAY -2.37 D19 9.66) vinliszazainsinlul
YauatonaduINndsrareszarnailuns i
wiadomaddaliuiy S518aunisanyinisii
Wodssaursaninaurnlusasidiunanszning
Fnaursonzainzndnn 50:50 Tagvavin Taedl
Fanuszauoutsiiudesar 15 1usnadud
wanzaulaedammnudeu 5,659.45 waaedsansu
ATAIUNUILUY 0.701 ASUFADANTISURLUAT
Adinisunnsiudosas 0.92 Aanuiudesas 47

12/12/2567 BE 13:51



71 32 avuil 6 woAINIBU-5u21AY 2567

58153Imemansuazinalulad

wazAsnTINMlusivindy 1.21 $alus dlowSeu
WigUAIAINSoULAYERTINSEHN VDI 1L ALY
Mndneurivauliasiilnddeeiu [10] fay
mﬂﬂﬁﬁﬂmfjﬁﬁ;mJizmﬁwé’ﬂiumﬂ%ﬁﬂaﬁﬂmu
yrlumehdudeomassauidinnfigauasinig
Tdunandug Tuvdinuimngaslunisiduian
Uszanuwihiu 3edluuamamsihasinduuade
wasdrlunsimdsnuiama Wesnidomas
sawiaandinsuynileinnuiougseglutisenin
9.105 @9 19,632 uAaDIAONSY
duSuRnwransiimuizanlunisvi
Fonassauviadieniseanuuu CCD Tngn1sin
mAuSouTedamATidaNHaTeINISUsYINAYeN
TUsunsuldeuntasiaudsdaseia 2 fauds
Tasnsrdruvesatulduazudaiufinandiaiy
n1sUszaranalunisvaaesdl 9-12 dudunis
Uszunana U?L’Jiuf\yﬂﬂa’m (center points)
aanziensule Lﬁaﬁw%’aaﬂammmumimaaa
Plgunldlunsadaunisannesfdsdas wuin
AArudeuveaiomadilalunisnaassnidlunis
#519@UN150n0BYANAIEDY bAANNTT AB Y =
19,412.00+690.25A+218.46B-1,546.00AB-
5,269.88A% 1,828 378 waziimdulsyavsanduius
(RY) WAy 0.9870 (Table 5) wagnsuauananis
NAADIAI8I5 Response Surface Methodology
(RSM) lénsmifuiiian1snevaues (response
surface plot) iugUanudi@ifinsmilniansua
mﬁLﬁuﬂ%m1mzimiﬁﬁﬂﬂui’a@ﬂﬁzmuu’mﬁu
szfiunlthmerauSeuinuau uinsldutiaiy
Aduduiinadeanuieuiianadld (Fieure 2a)
wazgaA1AIuieureulainAafiganansdung
Al Aniiileu3augean (Figure 2b) Ssannsilwane

Science32-N6_1.indd 41

41

auflan (optimization) dviutiadefifinanerini
Louvpadiowds (v) Tun dwlsl (A) uasudlafy ®)
uazanmziimnzanlunsmdnnaunauesiag
Uszanulunswandiemassauia e enuli¥esas 90
(A) soutlsiufosaz 30 (B) andndiuiovaz 15
AefnaurinSesar 85 liA1ArnuSeulads
19,632.00 + 8.49 upaeIFONTY FudemAsnur
andnavrndiladanudululafaziunlddu
Fowdsdunalunisiulivsslenilugiuuuiug
ol

4. d3u
91nnsAnEIASadanuisandneinas
SauvanfnaurIEesI AN aNTEIINg
dulouazTanUsyauseninmsauasudaiulag
N380AKUY CCD UMy dandauvieaInnis
wuladnauen 85 Alansy wumaausiuiuudagiu
Uszanausesay 15 Asnsiiuaiuiesay 90 (13.5
n%u) wazuttudosas 40 (4.5 n¥u) lHaned
wanzadlunsydemassauvs Aelvauiy
Spsay 8.32 ArAutdudniesay 8.00 Usunaeans
seneseay 86.42 AIANSUBUAIAISEEAY 2.44
wavAAuSeu 19,632.00 LAADIAONS LAZAN
N1SNAGEUNISNABDILUY CCD azldaunsi
wanadeladeiitinarernnuieuvesdeomas (v)
Taun auld (A) wazudesiu (B) wazldaunisannae
MMAdADY A Y = 19412.00+690.25A+218.46B-
1546.00AB-5269.88A%-1828.37B° wazian
FulszAnsanduiud (R) wiriu 0.9870 wavka
nsAnuluadsdiinlugnislivsslondluniadu

wasuluguwuusneg Avangaulusuiansoly

12/12/2567 BE 13:51



Thai Science and Technology Journal Vol. 32 No. 6 November-December 2024

Table 3 Effect of briquette charcoals compositions on moisture content, ash content, volatile

matter, and fixed carbon.

Treatments Charcoal/ Moisture Ash content (%) Volatile matter  Fixed carbon

cassava flour (%) content (%) (%) (%)
T1 80(-1.00)/20(-1.00) 0.00 13.50 88.89 9.66
T2 100(1.00)/20(-1.00) 14.65 9.50 87.04 -2.16
T3 80(-1.00)/40(1.00) 9.55 10.00 89.04 1.12
T4 100(1.00)/40(1.00) 9.55 11.50 88.17 1.02
T5 75.86(-1.41)/30(0.00) 4.17 10.50 89.87 4.49
T6 104.14(1.41)/30(0.00) 14.17 11.50 88.83 -4.09
T7 104.14(1.41)/30(0.00) 10.00 10.50 88.00 1.00
T8 90(0.00)/44.14(1.41) 10.56 9.50 88.83 -0.33
T9 90(0.00)/30(0.00) 9.00 9.00 86.42 -2.37
T10 90(0.00)/30(0.00) 8.32 9.00 90.14 2.44
T11 90(0.00)/30(0.00) 8.88 9.50 89.80 0.36
T12 90(0.00)/30(0.00) 8.59 8.00 91.60 -1.30

Table 4 Experimental design used in response surface methodology of 2 independent variables,
charcoal (A) and cassava flour (B), with four center points with the observed and predicted
heating value.

Treatments Block Charcoal Cassava flour Heating value (cal/g)
1 1 80 (-1) 20 (-1) 9,105.00 + 146.37
2 1 100 (1) 20 (-1) 13,693.00 + 127.99
3 1 80 (-1) 40 (1) 12,998.00 + 171.12
4 1 100 (1) 40 (1) 11,402.00 + 239.00
5 1 75.86 (-1.414) 30 (0) 8,492.00 + 131.52
6 1 104.14 (1.414) 30 (0) 10,281.00 + 352.85
7 1 90 (0) 14.86 (-1.414) 16,218.00 + 149.91
8 1 90 (0) 44.14 (1.414) 16,321.00 + 137.89
9 1 90 (0) 30 (0) 19,184.00 + 400.22
10 1 90 (0) 30 (0) 19,239.00 + 91.22
11 1 90 (0) 30 (0) 19,632.00 + 8.49
12 1 90 (0) 30 (0) 19,593.00 + 63.64
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Table 5 The second-order polynomial equation on heat value of Briquette Charcoals from water

hyacinth

The second-order polynomial equation R?

Y = 19,412.00+690.25A+218.46B-1,546.00AB-5,269.88A>-1,828.378° 0.9870

Remark: Y = heating value; A = charcoal; B = cassava flour

Al il

Figure 1 The characteristic of briquette charcoals from water hyacinth using Central Composite Design.
a) Water hyacinth with binding material as 80% charcoal and 20% cassava flour (A 80 : B 20).
b) Water hyacinth with binding material as 90% charcoal and 15.86% cassava flour (A 90 : B 15.86).
¢) Water hyacinth with binding material as 90% charcoal and 44.14% cassava flour (A 90 : B 44.14).
a) Water hvacinth with binding material as 90% charcoal and 30% cassava flour (A 90 : B 30)

Capacity

| Capaci
# Design Points padly

# Design Points
I 19632 19632
g2 Is492
2 RIS
S et e
o . X1=A:Ash
& X2=8: Fli)ur X1=AAsh
o X2 =B: Flour
20
b

Figure 2 a) The 3-dimensional response surface graph which indicates that the highest heating value in
mathematical relation (cassava flour and charcoal). b) The 2-dimensional contour graphs are the

alternate representative of 3D response surface graph.
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