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OPTIMIZATION AND

RESPONSE SURFACE METHODOLU CTION FROM BIDA RICE HUSK
CHARACHTERIZATION OF SILICA pRODU

. YAHYA M. D
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Abstract

Due to the fact that the compositions of &1
type and composition, type of fartilizer and
o R ]_I'ﬂ,l"Li.E'l.-'l-ll:'l.I" resparch, EhE . Mathodology (RSM). The fina)
obtained from Bida was oplimized using Regponst Surface : BF. XRD, SEM/EDX anc
silica produced at oprimum conditions was characterized Llﬂm?f XRI 1 s h ..} A and
BET. Preliminary investigations were conducted on the reaction variables which include
NaOH concentration, volume of NaOH, reaction temp
results chtained were used to generate & design matrix us
via Box-Behnken Design (BBD). The software suggested a quadratic model that 5.n~»5fd1:7_u:-‘

the optimum vield of 7.665 g at optimum conditions of 3.0 n NaOH, 250 ml NaOH, 90

minutes réaction time and 100 ™G reaction temperatures. The model fit statistics alan

shows that the predicted RY value of 0.9141 ig In agreement with the adjusted R? value of
09654, The adequate precision of the model is 28,5658 with an ingignificant lack of fit P

value of 1.71, The experimental optimum yield recorded is 7.30 g with a standard
deviation of 0.251. The XRF analysis reveals 71.415 84 and T9.120 % silica in the rice husk
and final silica respectively, The XRDD resulte shows predominance of amorphous silica
while the SEM image shows that the silica possessas agglomerates particles of irregular
shapes that are jagged and porous. The elemental analysis from the EDX is in accord with
the XRF result. The BET resulte showed that the silica has a surface area of 314 m¥g
pore volume of 0.1761 em¥g and pore size of 2.128 nm, From all the results gathered,
s:i]ic: of significant quality and characteriatics can be successfully produced from Bida rice
husk.

lica derived from rice husk depends on the sl
1

chemicals used during planting and chimate
X raduction of #ilica from rice husk

erature and reaction time. The
ing design expert 13.0 software

Introduction
Optimization i= an Fngneering technique that can best be deseribed as a complex
mathematical approach that leads to identityiig and selecting the best eonditions t'1'-:1l|“ !

et of probable design alternatives. Response surface metho dology (RSM) ia a powerful
optimization tool that has been recognized for studying the interactions of two ar r.L'u."-r“.'-

variables and optimizing the process pavameters for effic:
v eff : -
the product of interest (Olawale et al., 2013), icient and profitable production o!

The Eﬁann;hlufpn:n;n:‘:hle natural resources is’currently increasing beyond
ima n. Thig prac '

BB e oaterials i remendous environmental negative impact (Baum®

. ring which is the study of materials thei paitions

. their composilior=.

112 | P ag
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and their technological LT O : i
8lwns into uessful products should be given global

emphasis to intonsife rewe :

U SRVITONIDENE And a 'Wﬂ.]wa on sourang renawnble raw materiale in order to protect
O nm Nt afd maintain suatainability (Aderemi ot al. 2011}

Rice is the third ranked coven il a & L

j | preduced glebally with: mais BN s Eallowad by
wheat. Howewey, L ¥ with: maize topping the list followed b

congider " ) ;
P i ru-lt.la Png world carbohydrate sounce, rice top the list of demand foe
- 1 s 1A R ey 4

i Lhae world FOpuiatyn -.I: Immuh et ai. 2015). The-annual :,:]-::-]'IM mmilled rice

production stands at ahout 480 million metris tong, The leading rice producing countries
are China snd Indis acoounsin

e B o vt parca ® ""_l' naoul 5'1'?1 of the rice :11.1:11'.1:.*:':'.:”1.:. consumed ‘-
: ; Apita in Migeria stand aL 52kg resulting 1o 4. 7% incrense a decads

agc ma]-:m;,r. the overall conAamption of ko 6.4 millism ronnes in 2017 ps ggainat 3.7 mallion
tonnes cultivales por vear (Musg ef of, 20240,

Environmental Pollution caused by waste deposition ia a significant glohal problem. As »
reeult of that, many researchers have diverted thor attenlion towarde waste mansscment
oy way af minimizing them through reaycling (Nayel ef al., 2008),

Agricultural wastes are bypreducts from the cultivation and processing of varieties of raw
pgricaltural producte that more often then nolt comprizes of maternals that can b

transformed into usoful products thal are beneficial to man (Obi of of., 20160

Rice husk is & by-product of rice milling produces rice husk which ie an pEriculiugal warks
me A byproduct. The current global rice production of about GOU millien tonslycar
invariably mdicutes that aboul 120 million tons of rice husk waste produscd annually
tranelating to about 20 wt % of overall ree production. The composition of rice husk 18
approximately 32% cellulose, £1% hemicelluloses, 22% lignin, and 15% mineral ash, On
the other hand, the mineral ash is compriges of 53 Lo 97 % S10:, mixed with some minor

ponatituents like KiO, MgO, FesOs, a0, and AliOh among others (Nayel et al.. 2018). The
ah variea due to the fact that the composition of the source

compositions of the mincral o : :
wan which the husk is obtained and the

riee husk depends on the variety of the rioe fi :
climatic and seil conditeme of thi lncition where it is grown (Seitkhan e il 2019}

Rice husk are usually dumped haphazardly at dumping miten cloan to processing (milling)

lants and afterward burnt into ashea after long time Accumulation Thi= results into

E:n :nuﬁ-en\rirﬂﬂmEntﬂl pusance and suhsequent damage to the lana and iL's environs
mendn

k : k. 2013}
in which {R'lﬂh and Souna 46 4 basic raw material in the manufacture of

: : f applications _
Silica has wide range of app ra, comant, solar pansls and a4 & sugport in catalysts

o semiconductors, e pnh‘l!m gﬂ”},ﬂu ﬂmwntiuu.n'l method of manufacturing of
-~ manufacture [F'!ﬂ.mﬂdas.ﬂ]ﬂ E e -F.]-L:,.'ui::uc]wmi"-'-’l processes requiring high
:.-_d:.:u"_a:muullim zilica industrially 1 i Jtiming large amounts of acids couple
amount of thermal enerey ot e of affluents as a waste, This method nside high
1 :;-Imﬂl w:::,“;;:ig pificant quantity of liquid efMuents it also relense

: EAseE (Fernandes ef al_. 2017).
nfrp‘ﬂﬂlli;.':‘l“'*m husk depends on many factore ameng which
n EYp

g and
: type of fertilizers uged), soil compoailion a
practicesd (amovnt ‘“-i ;Er research focuses on the optimization of
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k daapnnse Surface Method.
Bida rice husk vsng Hesponst lethiog "|-'|L'J..

X da il
aE Sl yotion from Bl ok
amorphous Silica productior ¥ oxtraction Pl oc

(RESM) via a low cemperaturs alka

B3

Tl-'IEt.hrpr]u'Iugl\.-
Optimization of the ].l':il'!ld of =il
(i) Preliminary investigation ot F
1. Effect of NaOH concentratl
Exactly 10 g of rice husk ash preo
ml hesker and 100 ml of 1.0 M N jo gtirrer pre :
i L tempri;a“::fmn??:j:;; fn proceed for a period of | h-_—l.::

f rotation 200 rp.m. The reacion Ty el o, The e

f o 20 o T L0 . o o con and e, The e
was diacarded while the filtrate (sodium ey 5.nh'|_.l:lt‘-'irll 1'“'-]_udt*'i 1.|'|r=~r_i The .|:IL=L-‘F:|L.1.I g
M tetranxosulphate (V) acid (Hz504) until 8 pH of 7 was obls - The rezulting

rered and the white residue
and dried in an oven until a constant weight wae

acedure was repeated by varying the NaOH
h time the weight of the final dred

om rice husk ash
meters
of silica from rice husk 55,

hed and placed in 3o

ica fr
of process parul
on on the vield
d at 700 ©C was WeIED

The mixture was tha,
aat at 80 9C and e

duce .
a0 was pdded to 1t

5 {Silica) was collected washeg
mixcyre was then fl
severally with digtill water
ohtained pnd recorded, The pr
concenbration of 2.0, E.D. 4.0 and 6.0 M H'[:'d =l o
silica were recorded. Using the factorial method, the remalning parameters wera

investigated by varying them one after the other and keeping those investigated
constant at values that gave the highest yields of zilica

2, Effect of volume of NaOH on the yield of silica from rice husk ash: The
procedire in (1) was repeated using constant NaOH coneentration of 3.0 M
keeping all other parameters constant and varying the volume of NaOH using
150, 200, 250, 300 ml, After each exporiment, the weight of the final dried silics
was measured and recorded,

4. Effect of reaction time on the yield of silica from rice husk ash: The
procedure in (2) was repeated using constant NaOH concentration of 3.0 M and
comstant volume of NaQH of 250 ml keeping all other parameters constant, The
reaction time wae then varied from 30 to 180 minutes with step change of 30
minutes. After each experiment, the weight of the final dried silica is measursd
and recorded,

1. Effect ﬂ!‘ruuuf-:innl temperature on the vield of silica from rice husk ash:
e el e e et o 3.
S 1155!1; = !;ﬂul;fn of 120 minutes. The reaction
silica was determined and rded : it : ll-ﬂ i etit [he meight of

i LICERHE recorded afrer eaph EXperiment
(i} Optimization of process pa rameters usin
(RSM)

The results from the preliminary ; ierat
. g ! Fnveatization were d y
e i * Used to design the experiment
([ the t‘re-.ic]l:":znr:tiIT]?Il;fl':;liril‘:E:-:"hll‘l-:]i-l:r;-:rI mnl.u:.iu_- N&OH toncentration (A), volume ]-.F NaOH
: I -1 ANEENS reaction Emperature und theip levels were used for

E response surface methodology
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number r o used was
UNE fnd "5leﬁt- -'\.-E- H11'|.-HF"|'|.]'||_-:_|_--|-|['I-,;._-,:gn,-”””:l A o it s fiwes
L5} '-.II--II.L-.I 1£ -'i-l""-li{l] n:‘-[-“'l'r 13.0 EII'I'.I n -.'|‘.:1| I||. T

Ming were «

L BUREes mL .

'l'l"-ﬁ by ehach run e eA Fhi EXpErimental I'II_"\-..'H"II was uaar bo determin
L e | Uun expay e " = r

fed back to the softwars s Perimentally. The experimental rezults were again

maximum yvield of

. the
exXperimental
the vield of &

'.]'ni_- aptim
silica, The aver ].1“1.”,[,,,1 parameters were suggested for the
Age ellica :'r'll'll'l. obtained at the aptimum f-'-l.1ﬂ;1.l,'|'-'4'.']

fAx IIDm!'I" g .
& ared wk ;
th the one suggosted by the model via standard

parameters w
deviation,

Characterization of ri
- rice h
Both the rice husk ash 'am-]uf'k “Hh. and silica produced
SEM/EDX and BET uei and the silica produced are characterized uasing XRF, XRD
J using standard methed T o L ;
and gilica produced we - a. The oxides compositions of rice husk ash
T "&I—‘; .L & -_f"'!.-'lll‘--'il.}'?f:l uging Thermo fisher Scientific XRF analyzer (Model
P :1 ‘ ? _‘HET}' EDXRF analvzerl. The XRD analyeis of samples were
ete ‘l‘-{"m using Rigaku Mini Flex 300. The SEM/EDX analysis was performed using
| PII_I*.. OM Scanning Electron microscope Model No: PRO:X:200.07443 Serial NO
' MVE10570775

Results and Discussions

RSM Optimization of Silica Dissolution from Rice Husk Ash
Preliminary Investigation

For purpose of optimization Using responza surface methodology, the majo
parameters that affect the dissolution of silica from rice husk (an agricullural wast
dumped in one of the major dumping site in Bida, Niger state in Nigeria) were put into
experimentation o as W qecertain how the variation of each aftects the yield and also to

determine their upper and lower limite, The major pa
time and reaction temperature.

T p'_'":n.'l.':-ia-ii:'ll'_:

fannd

rameters consdered are: NaOH

i eoncentration, Volume af NaOH, reaction
5
Effect of variation of NaOH !
concentration on the vield of silica o T
from rice husk ash t CE y
Sodium hydroxide mncent.rﬂtluﬂlﬂrfef"- o En ; A 237 P
the rate of its reaction with silica. As - /
i gan S ] L
such, its variation will hm.-n? significan : o
effects on the vield of silica. Thig 19 :
tosted by varying e ““[4} El[:l 0 2 a 6
concentration using 1,0, 2.0 '_f-ﬂd -_!3 |
and 50 M. The BLIL " CbRIne wvaOH Concentration (M)
showed in figure 1
| i 10 ¢ of rice husk yah

{ NaOH concentration on the yiehd of gilica from A § 55T

Figure 1: Effects 0%+ a -
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om 1 {0 to g0 M the yveld of silica

gritage ¥
ﬂ-”ﬂ ] ':Fu_ F, l\_'l\.li-i|-1||.1|.|.'!'ll. £
;'_|1.-'-'|..1.-. The decli i

i ed fr ' 1 "
nereas jelds of 6.7 to 37.1

§NaOH sl
pere

rrf-ﬁ-p-*.nding [0 e
snding values of 3.57
gof 4.0 and H.U M respes
g of NaOH in 8o
an betweeh the
action a

As oxpected ns the concentration o
INCrepses a!i‘:n{!l]}-‘ F1':||1'. )] @7 to 3.7 | g o

after which the vield declined w ith corraspe
35.7 and 19.7 % vields for NaOH concentral o
in yield may be as result of larger numm ber of molecule

in more collugion between same molecules of NaOH th sy
s will subsequently leads to lower rate of re

ETRATE ] that reaults
m and the silica

nd lesser yield

contents of the azh
husk ash
g = H r.l‘ll.'

jea from rice .
g reaction =K

4 of sil
tarogeneo

Effect of volume of NaOH on the vial
The volume of the hase has a mgnificant role of Lh? i lid ash to
liguad part aof the peaclant 12 ExFlE-L:[EI.i to b aib Ill-f.l'l"tll"'d. 1nto thie sall )

reach on Lo the

silica before
reaction takes place,

Figure 2 Effects of
4.1 volume of ssa0H on the
5 vield of ailica from 10 o of

5.3 S 385 rice hugk ash
— # 3.65 \
#
-E jj A For this reason the
= 3 ’-"3 17 greater the wvolume the
1 e f'f | more mobile and the
79 as b ]
: - chance of the MaOH
& » 27 smolecules to penelrate
2.5 o into the solid ash and
1D|:ll 2':{.' 300 400 papct with the silica
Volume of NaOH (ml) Figure 2 shows the

response of the vield of silica to the variation of the volume of NaOH keeping other

paramoters constant.
From the figurs, increase in volume of NaOH from 100 to 250 ml recorded a significant

inerease in yield of ailica with numerical value of 2.98 to 53.85 g corresponding Lo 1ncrease
in percentage yield from 29.8 to 38.5 %, At a higher velume of 300 ml the yield n's-rlulmri
to 2.7 g (27.0 % yield wiw)h The decline m yield is aneociated with incr -||;.= N
intermolecular Apaces within the NaOH molecules in salution which subse T':tl;x' |{‘ 'ﬂk
to lower rate of collusion hetween its molecules and that of the solid Z‘II.I!-h T{mq'l-]; ¢ -N-L?Hll
volume of 250 ml is more appropriate for zilica dissolution from the anl;. e

Effect of reaction time on the yield of silica from rice husk ash

o = a

The significant of reaction time on the yield of silica was i.rveat.::aled by va the
' A Yy VArying

reaction h.:-:twluen 1 to 3 hours with a step change of 30 minutes. Th 2 ng

investigation is presented in Figare d - The result of such
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Figure 3: Effects of reaction time on the yield of silica from 10 g of rice husk ash

From Figure 3, az the reaction time rises from the initial time of 60 to 120 minutes the
yield of silica increases from 3.86 to 4.93 g corresponiding to 38.0 to0 49.3 % yield w/w. As
the reaction time goes beyvond 120 minutes, the yield declined gradually with time. This
may be attributed to the fact that longer reaction time results in lower reaction volume
duc to evaporation. The time of 120 minutes {2 houre) is the maximum reaction time for

gilica diszolution from rice husk ash,

Effect of reaction temperature on the yield of silica from rice husk ash
Temperature being an important factor that affects the rate of reaction was tested to see

how it affects the recovery of silica from rice husk ash. For this investigation the reaction
&0 to 120 2C using a step change of 10 2C. The result of

K
&
L]

temperature was varied between
this teat is presented in Figure 4

80 a0 100 110 120

Reaction Temperature (“C)

seld of =ilica from 10 g of rice husk ash

o reaction temperature on the y
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ture from 80 to 100 °C significantly ineregs..
From the figure, the increment of T.E;f;pefl'l - &7 g from 10 g aof rice husk ash. The reason
9]l gto /o i TR
ic energy of the molecules ¢
being that as the temperature of reaction nCTeases, :ahi ::“‘:lm B fion of rea ..1”
' : ¢ InCreasc e - : ting
reactants increases which subsequently 1n¢ e it ¢
ures beyon ) OC, thy
ul pease | ' peaction. At tempera : .
molecules and lead to increase in rate ol Ie .o values of 5.46 £ and 4.52 g obtained a4
amount of silica recovered declined with apeciiie VATt o
temperatures of 110 and 120 OC respectively. At e igflificantly for the react:
nbserved that the volume of the reacting mixture rﬂdl.ll,:l_-‘ﬂ Eig vn]m:rw }E . __;Er_lﬁ:;.l".lll
time allotted and thiz will definitely lead to lowar reaction rate ag vc 2 A significant

the milica recovery from a value of 4

|{|‘IFT temperatures, i wag

factor that affecta the rate of silica recovery.

Response Surface Methodology (RSM) Optimization of Silica Dissolution from
Rico Husk Ash
The results of the preliminary investigations of the independent variables were used to

generate the values in Table 4.16 consisting of four factors with their levels (lower
midpoint and higher values).

Table 1: Factors and their levels for Box-Behnken Design for silica dissolution from rice
husk ash

Variable Svmbol Coded Factor levels
-1 L] o |
Concentration of NaQH A 1.4 1.6 3.0
Volume of NaOH B 100 175 250
Reaction time LI 0 a0 120
BReaction Temperatura T B a0 100

Frem Table 1, the coded factor levels for the oo :
meentration a - X ;
temperature are (1.0, 1.5 and 3.0 M) and (100, 175 an nd volume of NaOH

tﬂlﬁp{liﬁ!. and the h!I-','hE-'I lavels while that of the -
r reaction time and to 6

B y ) mperature arve (60,

Eltl.l and 120 ml) and (80, 90 and 100 MITILtew) respectively for the lows TR, T

DV el 'F, midpoint and the

d 250) respectively for the lower,
om

Design of Experiment for Silica Dissolution fr :
oM X
The Box-Behnken REM Design was suggested | Rice Husk Ash

A nr thig ] 4 ;
experimental runs. The coded factors in Table 1 werg imiej;fg .:mﬂiiﬂrdm .uhti‘u_n 1:11,._.1_;
; £ desipgn expert

software and twenty mine (29) experimenty) PUDS Wite suggested b h
} ¥ the software vaing

Box-Behnken HSM L}E'Ei“ﬂ. The lepu'r:lme.r“ai yvields ﬂr m
determined and recorded in Table 417, From thl!ﬂ.;‘: the suggested runs were

e .
was recorded at experimental run twenty five (26) at ::tta :‘hﬂ maximum yield of 7.21 g
2 - Xpey :
NaOH concentration, 250 m] NaOH ":'IT.I].'-JI'F'II.I, &0 T SEa;'zl::th Darameters of 3.0 M
températures while the lowest silica vield of 3,60 E R ki time and 80 ©C peaction
e -E“; r“n M.‘-En - ¥
teen (17) at
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30 minutes reaction time. 80

af 175 ml. L renction temperntures and 2.0 M NaOH with a volume

Table 2: Experimerntal vields for Box-Bohnken experimental design for silicn diss dutinn
Std Run Factor Factar Factor Factor (D) Experimental
(A) (1) (C) Temperature Yield (g)
NaOH Yol of Time (*C)
Cone. NaOH (minutes)
(M) {ml)
12 1 3 175 o Al 100 T.18
29 F 2 175 60 ] 5.61
26 } 2 175 () M 5.65
21 4 2 (M} &80 a1 5.91
24 5 2 2501 ()] 100 7.10
ki & 2 1758 30 100 G.15
11 7 1 175 &0 104 .25
0 g 1 175% L 1 .62
) i 1 250 &0 ) 5 r_-:+
27 10 2 176 64 o ;I oy
25 11 2 176 Al o) 5.94
ey 2 250 60 B0 ]
1 13 | 100 a0 90 "--:’"
28 14 o 175 Gl 90 TTUE
19 15 1 175 0y b 4.42
: 17 aql A0 1.95
b 18" s 2 75 o 2 el
3 I n l::' .39 11 4700
s 18 2 2 :
o 1000 &l 1 {py 4.34
23 i 1 250 i ] 5.57
16 20 2 "'_" 30 M) 5.89
18 2l 3 glic H-L'r 6.45
B 1o g 175 80 P
20 2 s 100 &0 0 6.02
2 2'] :-.: ]_["|.|:| a0 i) 4.55
15 24 2 q:_';[_:. a0 i T.21
_'I 25 § ;1.}['? a0 G 431
s O d A all A0 .28
fi :
Ml 176 30 40 395
17 28 1 1+5 a(l 100 B.27
8 29 2

he coded factors have a positive effect on the

E!‘i-"l.df!ﬂ-* brings about an IfCrEASEE N the 3']1.'|L|

Lis
From these phalts: s ¥ af the faclors

vield since an INErEAsE in an
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n in table 2 were analyzed by the softwq,,
gni

90 and Figures 4.13-4.19

Analysis of Results of Experimental Desl
The results of the suggested experimental dect 5
and compared with the predicted valuea. Tables 4.18-4.

ol

silica dissolution from rice husk ash

Table 3: Fit summary model for optimization of . - —_—
Source Sequential Lack of Fit Adjusted R Predicted R
p-value p-value oty
Linear < 0.0001 0.0054 0.6235 0.6052
2F1 0.0363 0.0104 0.7454 0.5064
Quadratic <0.0001  0.3198 0.9654 0.9141 Suggested
Cubie 0.1154 0.7954 0.9828 0.937: Aliased

From the fitted summary Table 3, the quadratic model was suggested as the most fitted
model that describes the silica dissolution from rice husk ash. The quadratic suggested
has a sequential P-value of < 0.0001, lack of fit P-value of 00,3198, adjusted and prediceed
K2 of 0.9854 and 0.9141 regpectively,

The analysis of variance (ANOVA) was also generated and the result was presented in
Table 4 From the results, the software suggested model F- value of 56.76 implies that the
model is significant as there is only 0.01 % chance that F-value as large as this will oecur
due to disturbance.

Table 4: Analysis of varisnce (ANOVA) for silicn extraction from rice husk ash

'3““':"“ f:‘:‘ of Squarer  df  Mean Square Fwvalue povalue
Ao 24,90 4 1.74 3. 75 = f
A-NaOH CONC 10,57 1 1087 ;:H :EU"HH o
B-Volume of NaOH 222 1 229 70 & ek
C-Reaction Time 0. 8119 i .54 a9 -;; -:é Pt
B-Reaction Temp .11 | 3.11 |G'.II'|'h :'E[H:ﬁ‘
AB 00728 ] 007 2'3H 1] '_|n|: :
AC i D00 1 o0 00254 II.J;Er-‘.'*
A]:: L0040 I 0048 0.1604 R
B( 0049 I poppE 5.8 '? 10
i 251 ] 261 H:'i '3 35059

: li:l]j I 0.8145 71;1 = [.(Wn |
?“ 2'1;“' Lt s gm:]l

" @ Wl § K

o I 2 &0 01 8a LT
[ 0.0077 [ {0 s fii = 0. (M) ]
] ; L 02813 =
Mesidual i A 2K 4 o 1.123n
Lack af Fit 0467 N foyys
Pure Errar 0.4s1a i 10.61803 1.7 CEAR T nal significant
I Cor Total .0 2R

___-____-_-__-'_"——-_

The model term with P-values loss than 0.0500 indi
significant while those with P.values greater s tate that

a those model terms are
Fe not Blgnificant model terms
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Following thess crite )
E eEf Crilera, |.'."I'.'TI1|'-:’||-| termes A H, C. 1. BN, CD, A%, B and O are :-'-gmiil:m‘d

model terms while AR, AC, | g
fit F-value of 1.71 AC, AD. BC and D are the insignificant model terms. The lack
N 18 & i - _ =
. lf'll:HJF-rmI not significant and therefore suggesis that the model well
. 1 : i .rlmunta. results. This F-value of 1.71 signifies that there is only 91.98 "
chance that this values could aceur due to disturbance
Table 5 contains - i
:I ins the result of the model fit statistics. The result showed

of0.91411z1n st wribh A L
il 1izin agreement with the adjusted B2 value of 09664 since the difference
The adequate precisic

in should not be less thar

the predicted R=
hetween
the twa ie lesa than tho maximum prescribed value of 0.2 o which
a g mearure of signal to disturbance ratio, suggoats that rhe rat
1. The obtained ratio of 28,5582 signifios an adequate signal or precision.

Table 6: Model Fir atataties for gilica dissolution from rice husk ash
Sid. Dev, 0.1749 R? 0.9827
Mean 5.37 Adjusted R* 0.9654
CV. % 3.25 Predictod R* 0.914]
28 5682

Adeg Precision

@ greater than the value of 0.8451

The R value of 0.0865 from this particular rescarch i
reported by (Adepoju & al., 2019 lor the same A feicun pear seed oil using Box-Behnken
RSM Design. When the fit statistcs was also compared with that of the work reported by

Musa éf al. (2016) using central composite REM design #ar the cxtraction of Avocado pear
zead oal the standard deviation of 0,1749 from this particular regearch is better than the
value of 1.12 reported by Wfusa et ol (2016), The I walue of 0.9827 from this re gearch 15
better than 0.9211 and 0.8454 reported by Musa e al. (2016 and Adepoju et al.. (2019}
respectively, The adjuated R? of 0.9654 and the adequate precision of 22 0787 recorded
fram thie work are better than the values of (.53648 and 13,016 respectively reported by

Musa et al, [(201€).
The equation sULEeELE
of the coded factors s P

d for siliea digsolution from rice husk ash by the software in terms

resented a2 equation 1

0.4300R+0.2123C+0,5092D+1 350AB+0 0130AC+0.0350AD
A? - 0.2262B¢ — 0,6569C" = 0.0344D° ... (1)

ANOVA Table 4, which are: AB, AC,
of ailica is represented by

Yield (Y) = +5.68 +0.8617A~
+(0. lﬁ'TEEC+[I.S[I'F5H-|'}-I1:JHEDFH+H.'I.E"I 8
Eliminating the insignificant mocde] terms from the
AD. BC and D?, the final model equation for the optimum vield

gquation (2)
Yield (Y)

3EC|E+H.2125E+H.E{I92U +0.BDTABD-0.5350CD
............. (2

= +5.68 +0.961 TA+04

+0,1818A7 - 0.22828° - L7 |l
in predicting the response (vield) of any given level of each factor

he equation can he used for identifving the relative

he factor oo fficients.

Fquation 2 can be useful
in the equation. In that mgarﬂ. L
impact of the factors by comparing t

BllPare
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Interactions of Process Parameter Id against actual yield and the graph i F;,, re s
. S od ¥l EE rmnal s '
Sk I“IJ'LI"!;Id |’Tf:”":ffdﬂ:i' that the remiduals follow a normal distriby, oy
war oablained he plot &R :
(Umeuzuegbu, J. C et al., 2020)
Figure &: FPlot of Predics.

Bt e vy ALTLW ) g
[ againat actual vield of silics

Yield The points in the graph .,
- ' closely distributed along the
Colar pounts by value of | straight line of the plotted grgy,
Yield ’ - which 18 :'-I. testimony of the ¢)gg
360 [ 2 21 go? relationship hv’r_ﬁ'u!:l'. the
3 ] experimental yielde and 4,
i - predicted vields The gl
4 conhirme  that the respone
.' variables in the experimens
results are adequately predicted

BT N | by the model,
; . i ; ' The 3D response plots shows the
denal interactions AMong the

independent variables by showing the effects of combination of the variables on the vield
of silica extracted from the rics husk ash. Figure & depiets the interaction betweon thi
volume and concentration of Ni OH solution snd bath factors has positive effect on the ol
vield of silica,

= 50 Birtacs % )
akd [ F IFure &: Response
s LT 1 - i
B Aboer s surface Plot for the

- P i | f pon ~——— Interaction between the

| | ke i
e | :%; 35"!-‘5 - volume and NaOH
: et |

_ concentrations

=y The lowest yield was
recorded by their lowest
values of their
interaction (100 m! and
L0 M) ie 4.38 g silica
while the interaction of
their higher values of
250 m] volume of NaOH
and 30 M NaOH
their highest yield of 7.21 g silicy, concentration produce

LT,
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The interaction betwaen the concentration of NaOH (A) and the reaction time (C) also has
direct proportional effect on the vield in the

anse that increase in both parameters rezults
¢ ahowa that at the lower
1.0 M NaOH and 30 minutes reaction time, the
ded throughout the research with a numerical
interaction of their higher values of 3.0 M NaOH
time the yield recorded was 6,45 g silica
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The optimum yield of silica wag determ AR
considered, For this, about 85 solutions Wi e
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Table 6: Predicted optimum conditions for sihc : Siold  Desirability ot
Number NaOH  Volume Reaction Reactlon &
Casnie of WalH Time ; }'%TP 4
Minutcs {
1 {::::m iﬂ}m ;-ulL:n:m 100.00 7666 1000 Selected -
Z :Imm 46 350 041,000 (1 0D 7.630 0,719
3 2,951 R0 () A9 LG [ (o0, (0} T.645 1, 1w
i 3,000 P a5 426 1 i, il 7686  0.998
= AAAE 248066 39,4713 14k 400 7618 0008 -

From the Table. the optimum conditions suggested for the maximization of the vield
ailica from rice husk ash are: NaOH concentration of 3.0 M, Volume of NaOH of 250 m;
reaction time of 90 minutes and reaction temperature of 100 °C. The predicted ol yiald
under these conditions & 7.6506 g.

Validation
For the validation of the model suggested, thres set of experiments were carried out ar
the suggested optimum conditions and the average yield was caleulated and compared

with the predicted value via standard deviation. Th

2 € results obtained are presented in
Tablez Tand 8 F :

Table 7: Average yield of silica at oplimum conditions of 3,0M

iz 250 ml, 90 minutes and
Run AI'SO Yield (g)
1 T.26
2 7.12
i 7.53
Average Yield 7.30
Frem Tahle 7 the average yvield

of silica wag caleulated 1o be 7.30 7

—able B: Standard deviation for optimizatio of
o

Pa rameters NaOH vﬂ]um APSD EXtraction
4 = React i
Cone (M) ;:rfl NaOH i, {il'ﬂ"?n} '_T"'“llclinn Yield (g)
Dptlimurn value 30 ;:n} emp(2()
Validation value 30 250 90 —
deviation 100 7 300
2510

0.
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were identified, ﬂuhﬂidurimmmm of rice husk ash, From the figure, ahout seven peaks

T ng the gingle bond regum, lwo peaks were identificd with the
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Figure 12: FT-IR Spectrum of rice husk ash

Wave number 2922.2 cm-! and thie indicates the presence of _CHs (Methyl) group from a
saturated aliphatic compound with a C-H stretch vibration. This is in agreement with the
report of Melis et al..{ 2022) for rice husk ash. The second peak at this region was ohserved
at 2855.1 which significs the presence of a mothylene (-CHs) group also from a saturated
aliphatiec compound with a C-H symmetrical stretch vibrations (Asep et al., 2019) and this
15 in conformity with the report of Melis et al., {2022).
Within the triple bond region, the peak found at a wave number of 2035 em ' indicates the
preaence of a cyanide ar thiocyanide ions (Asep et al.. 2019) and at a wave number of
- 17444 em'), indicates the presence of carbonyl group C=0 and this is in agreement with
. the report of Melis «f al., (2022) for rice husk ash produced at 300 ©C.
Among the components dictated at the finger print region ave carbonate (COs%) and
| ﬂ'-:; ions at wave numbers of 1451.1 and T.EU.E em’! respectively (Asep ef al,, 2019),
3 ave number of 1028.7 cm! in this region signifies the presence of organic silicon
i vibration and this is also in agreement with the reports of Daffalla ef ol

gl Melis et al. (2022) respectively.
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. f Silica
Fourier Transform Infrared SP““tr?g,rﬂph {F:I;li'lfjidﬂuced and the FTIR sy
FTIR. analysis was carried out on the silica sHmPv : B it Clrum |
such analysis is presented in Figure 13, From the Figure ]t_ S ﬁl S rT.th B
were identified one from the single bond region ,_-,mffﬂ 7 g.ﬁﬂﬂ § o Atom e tripl;
bond region (2500 - 2000 em-!) and three within the finger print region.
At a peak of 3391.9 cm! and transmittance of 93.29, Si-OH group was noticed apy this iy
in agreement with the findings reported by Daffalla et al., (2010). The transmiteyy,, of
98.256 and wave numhber of 21656 cm! indicatea the presence of cyanide 1ong gy

thiocyanide ions (Asep ef al., 2019,
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Figure 13: FTIR Spectrym Amarphge Silicg
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Table & XRF analysis of rice hys

Oxides . k ash and silica produced
FeiOs Rice husk ash (*) Silica (')
Cul) 0.4290 0.01366
21 0.02630 0, 00676
GasOs 0.06302 0.01640
it 0 f'if'["i_!-*:-*l 0.000082
0.000318 0.000533
CeO: 1,2284 1.2713
i 0.000447 0.00004
Luz0: 0.000023 0.00001
TayOn 01,0026 0.00276
WO 0.0 308 0, 0 LA
MgO $.42 1.44
Alzs 1863 0.983
Si0y T1.415 7012
P:0s 3.205 0.1867
S50 01304 0.0279
1 (.0128 (1, 00365
K:0 1 4563 000825
Cad 0.7224 {.2051
TiO: 0.05860 0.00660
Va0 0.00185 0.00016
Cr:08 0.00079 0.00011
Mn(O) 0.3509 0.00267
BaO 0.02572 0.01609
Ao:04 0.0006 0.0009
Br 0, DO0EE 0000168
Rhb; 0.01206 0.000084
ZrO: 0.0076 0.03000
PhO 0.00174 0.00055
Bi:03 002513 0.02434
AireD) 0.000402 0.000494
] 0,000340 0.0000

From the Table, the composition of silica in the rice husk ash !I'“‘“d-‘""-i-‘dl at HUDM“F' was
=1 415 %. This value is in close agreement with the report of Taku et al., (2016) with a

| = a0 1 silica from the ash produced at the same temperature of 700 ©C but lower
e 1o 4 83.8 % reparted by Seitkhan ef al., (2019) for rice husk ash produced at
;hﬂ:%zq':mi?n uﬂtl.rr-: ated rice husk. These disparities may be attributed to the fact that

th gition of rice husk ash depends on the variety of the rice from which the husk is
¢ compo

_ ] ; " i ‘here it 18 grown (Seitkhan
: matic and soil conditions of the location w |
ﬂhﬁn;:l}:;dﬂ?’:::i;a chemical treatment of the ash, the sample of silica obtained was
EE- =i s
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XRIY analyvsis of rice husk ash I
yroad peak at 29 of

The XRD spectrum of rice husk, as presented 10 Fig. 14, indicates a I

1 . s 5 . "y .IJ.' e e
22,23 which i# attributed to amarphoue silica A gharp reflection peak al 20 of 26.9
corresponds to the ervatalline silica. Therefore, the prominent peaks in the rice husk ash
indicate a combined amorphous and crystalline gilica phase. The formation ol the sharp
‘Ana Maria et al., 2009), while at low

S .';”_ 7

and intenze peak of silica starts to form &t =750 oC (
temperatures (<700 °CY), the broad peak obzerved is amorphous (Rzeat e
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Figure 14: XRD pattern of rich hy

XRD analysis of amorphous silies
XRD analysis for amorphous silics is represented
“2ented ip
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Figure 15: XED analyais of amorphous silica
At temperature =500 °C and = 700 °C is responsible for the formation of amorphous silica
(Ana Maris ef ol., 2008}, The amorphous structure of silica will allow the formation of a
polymeric structure with 4 hydroxy] group, leading to the existence af a silanol group via

3 covalent bond with 8i (8i-0-H) (Ngoc ef al., 2018).

SEM/EDX Analvysis
SEM/EDX analysis was carried out in order ta determine the structural m
of such analysis are

arphology and

the slemental compositions of the silica produced. The results
are 16 and table 10 for SEM and EDX respectively.

presented in fig

(h) 1000 =




on= [nbErnse il gy

A=

ch and Puhblicaly
o foraapy ChAlIANERS. ol 4 My, 2 e

arco Procee
e 13rd Multidismplinary Agzademic I_"I:II l:l_ll':_ FrntieEs |
Subk-Sichara African Deselapmenl anid Technioitth | v

Moo &
#n dlst January, 20E5: Lismar Danfied 0 o

) 2000 X

s e £ ification
Figure 18: (a), (b) and (c] SEM image of auica at different MAagnt icat

Table 10: EDX Analysis of Silica

Element Element Element Atomic R
MNumbhber Symbol Name Conc. l.:DnU' =
14 ’ g Silicon 57,01 96.66
13 Al Aluminium 1.36 1.30
20 Ca Calcium (.34 0.48
26 ] lran 0.24 (.48
11 Na Bodium 0.52 0.42
16 s Bulfur 0.26 0.30
149 K Potassium 0.14 019
17 Cl Chlorine 0.14 0.17
12 Mg Magnesium 0.00 0.00
22 Ti Titanium 0.00 0,00
# P P T D
: : 0.00 0.00

The SEM image in figure 16 (a), (b) and (c) vepresents e T o

silica produced at optimum conditions viewed at dj ol mf B '.‘r the n:u.n mmluiﬁ}.:

and 2000 » respectively. From the images it tan be HEE!E }:Eﬁtmﬂﬂ U.‘FQU‘(:'“- 1':“3[:’”

agglomerates particles of irregular shapes that are jagged Th[;.{ﬂ: tdhe E?]K‘.? p.ilmaﬁc-s:fr:;
; B Tinding 18 similar w

the report of Tara m'.u:'.'i... l.‘ElDll 7). The surface of the s . ke
2000 times magnif':catmn 15 found L0 possess nﬁign'l BErved f'r.:':.m flgut'{! 16 [E}. with

due thermal treatment of the husk during the 3‘3“ ne .'jE:"-’Elt}pqd pores which may be
obszervation was reported by (Olawale et o] Eﬁléjg Neration of the souree ash. Similar
Table lﬂl shows 1:]1'3r rrf*su.]ts |_':|.f the EDX unqusi.a s i
composition of 97,01 % is an evidence of Predominance & '3.1.1‘::111.':‘.:'1_ produced. The 511_15“-:--_.
132 | P a2y -1 BLICA In the fina] product. Wher
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c:m]:arﬂ_d I"'-"-’H.h the XRF results in table 9, this composition of silicon fu rther authenticate
the 79.12 % silica composition in the final product.

BRET Analvsis of Silica
HhT .‘-.“.‘11:".&]5 wae '_i'.'l'i.‘TrlZH"l'I'I_f._"l.! on :hll' ?.'lrl.":lliLIEEf.l. -?I:i“.'-“ﬁ i1 l:,rrh‘lf Li] determine thl_' !"'l"l"l-',..-_o nl
properties of the silica and the result is presented in table 11

Table 11: BET Phvsical properties of Silica

Property Value
Surface Area (em¥g) 314.0
Pore Volume (em%/g) 0,1761
Pore sizel nm) 21128

From the table, the BET surface area is recorded to be 414m*/g. This value is greater than
186.5792 m? /g and 65,2269 m2/g reported by MNguyen et al., (2018} for silica produced via
Alkaline extraction and Si0: precipitation methods respectively but lower than the value
of 980 m¥g reported by Seitkhan al., (2019) for silica produced from rice husk ash
obtained from Hcl pretreated rice huek. It is alsc lower than value of 623 m¥g reported
by Ezzat et al., 2012 for nano silica produced from rice husk ash The pore volume of
0.1761 cm™g recorded in this research is lower than 1.2 em¥g reported by Seitkhan et al.,
{2019) and greater than 0.02408 emYg reported by Ezaat ef al., 2002 The pore size of
2 198 nm registered is greater than 0.9 nm vaported by Beitkhan e ol (2019}

Conclusion
Pure white amorphous ailica was succesafully produced and optimized using RSM from

Bida rice husk. A quadratic model was suggested and the analysis of the model shows
that it has an insignificant P-value of 1,71 which suggests that the model well describe
the te:r.pl,*ri.mental results. The model fit statistics also shows that the predicted R* value
of 1.9141 ig in agreement with the adjusted R? value of 0.9654. The adequate precizion of
a8 582 = 4 indicates that the model 18 précised, About 73.0 % vield of silica was achieved
from the asgh at optimum eonditions. The renults of the vield and characterization of the
products were Very much comparable with most of the report of the findings in the

literature,
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