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ABSTRACT

This study aimed to produce silica gel desiccant from different proportions of
sand and com stalk ash Treatment A consisted of 100% commercial silica gel,
Treatment B, 25% sand and 75% ash; Treatment C, 50% sand and 50% ash; and
Treatment D, 75% sand and 25% ash, with three replications for each treatment. After
fusion at 1100°C, sodium silicate was obtained. Sulfuric acid was added to the sodium
silicate. After heating and drying of the solution, silica gel was produced.

0.5 g of the experimental silica gel prepared at different treatment combinations
were subjected to moisture adsorption capacity test.

Moisture adsorption capacity based on the final readings (80 hrs) revealed that
Treatment D showed the highest percentage. With its adsorption capacity equal to
30.93%, it is comparable with Treatment A which has an adsorption capacity of 29.89%.
Treatments B and C have lower percentage adsorption capacity which are to 26.44% and
26.58%, respectively.

One-way Analysis of Variance showed that the adsorption capacity of the silica
gel in the different treatment groups varied significantly (P<0.05). Percent moisture
adsorption capacity decreased in the order Treatment A=D>B=C.

Based on the results of the study, the following conclusions were drawn: (1) the
use of sand and corn stalk ash as raw materials for the production of silica gel is feasible;
(2) sand and corn stalk ash prepared at a 3:1 ratio showed the highest yield and percent
moisture adsorption capacity; (3) the adsorption capacity of the 3:1 sand and corn stalk

ash mixture is comparable with that of the commercial silica gel.
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CHAPTER I

INTRODUCTION

A. Background of the Study

Silica gel is used primarily as an adsorbent in
desiccation or drying.t It ¥15" ised” Lol dry® arie and
gases 1n systems that are either static or dynamic
withairespect B o M gas ™ movement . Silica gl i
generally prepared by acidification of an aqueous
St refisoliinEfonaMiThefre syl ting s M e eliac 1o ris
elther amrigidT mass T or 'a gelatinous' preciplEdEe
from which soluble materials are removed by washing
with water. The water is finally removed by
Hea st e caving e o d 1l d SSY,ag ranitia s oS SR ClE
e iec - C Sy VAR cio i cle siECcarl EraE N RS g e N SEn @ =
Conplere bviidried sbuiEgs stille figdwithifsmallperecentage
of combined water. When used as a desiccant, silica

gel is enclosed in a gelatin capsule (Dimagiba et

Zulby, ILGGA

[PHILIPFINE SCIENCE HS-WV
|l BRARY




Silica gel is in demand and is imported by the
country from abroad and, therefore is expensive. In
1987 *the " Philippines imported: 30,9 MT of Sillica
gel “with MCIEGwaluedi* attdisB87527.9 AR TNl 095/ 80 EHa
importation was 104 MT.

Corn 1is an annual plant with long narrow
leaves. The tassel represents the small male flower
and the body ear is the female flower. The kernels
are the fruits and seeds. The husk is made of leafy
bracEsH

The corn plant has a long jointed stalk varying
in height from 2 to 20 feet and from one-half inch
to 2 inches in diameter. Internally the stalk is
composed of fibrovascular bundles scattered in the
POLChye bhefispongy tissuethat ‘fillsithewinterior "o E
the stalk.

Corn in the Philippines is usually utilized as
ROl gr alINGOINT ooc Hand SEaedSiNein thel ST Qe
farmers began to grow more corn upon the

encouragement of the government. In 1986, about 30%




of the total farmland was used for their basic
food. Production in 1990 was 4.5M MT, ompared o
oM MT in 1971.

Corn 1is grown in abundance in the Visayan
Islands and Mindanao. In Region VI, 57,600 MT of
corn. i was ‘produced . in1995; 72,176 MT "4t 19064
80y 052 M inner 19975 ‘andy. "the'iylatestHATEES]
production figure as of 1998 was 77,520 MT (Bureau
crf iepriticibilic b STe nealic sl el ok o I (G aleh s

Corn stalks are considered wastes by corn
producers: Lurning these wastes intos Ruseful
productsigsiichifastiysi lica gel Bwillésncts onlyi help
eliminate environmental pollution problem but also
lessen the eoUnEEy s dependence of imported
silica gel:

This prompted the researchers to conduct this
grucdvitepecificall yttouiinvestigate 4 the moisture
adsorption capacity of the experimental silica gel
produced and comparing this with the commercial

silica gel.



B. Statement of the Problen

Main Problem. Is corn stalk ash a potential

raw material for silica gel desiccant

production ?

Specific Problems.
1.Is the moisture adsorption capacity of the
al silica gel comparable to the

commercial silic
2.1s the moisture adsorption capacity of the
experimental silica gel affected by the

different proportions of sand and corn stalk

ash used?

C. Objectives of the Study

Main Objective. To produce silica gel from

corn stalk ash and sand.




D.

Specific Objectives.

3%

to

To compare the moisture adsorption capacity
of the commercial and experimental silica

gel.

'To determine the moisture adsorption

capacity of the silica gel produced using
different proportions of sand and corn stalk

ash.

Hypotheses of the Study

Major Hypothesis. Corn stalks ash is a
potential raw material for silica gel
production.

Minor Hypotheses.

15

The experimental and commercial silica gel
have comparable moisture adsorption

capacities.

n




- ] . N : P g
2.There is a significant difference in  the

moisture adsorption capacity of silica gel
produced at different proportions of sand

and corn stalk ash.

E. Significance of the Study

This study is beneficial to farmers and others
because through the results of the study, awareness
of the wusefulness of this by-product will be
enhanced and therefore eliminate the problem of
improper disposal; likewise, this will give light
to local manufacturers to venture into silica gel
production, thereby minimizing the importation
demand of this expensive product and eventually

contribute To our country’s economic:staibi it

F. Scope and Limitation

This study is limited to the use of sand and
corn stalk ash at different proportions for the

production of g1l1¢a gel., Furthermore, Lt




determines the Mmoisture adsorption capacities of

the experimental silica gel produced.

This research Was conducted at the Science

Research laboratory of Philippine Science High

School-Western Visayas, Brgy.Bito-on, Jaro, Iloilo

City from June 1997 to November 1998.




G. Definition of Terms

Adsorbent . - . b
> CT are subst ances characterized DY

thell apilitylcke condense, accumulate, and retain

molecular or ionic Ssubstances over their surfaces.

Ash = the residue remaining after complete

combustion.

Anhydrous- free from water; especially water of

crystalkbizationt

Caustic Soda - (Sodium Hydroxide) essential to

the production of soap, detergents, cleansing
compounds, dyes, cosmetics, and pharmaceuticals. It
is alsocmecessary: in theomanufacturessref! rayons

cellophane, phenol, naphtol, and oxalic acid.

Corn - an annual plant with long narrow leaves.

The tassel represents the small flower and the body



is the female flower. The kernels are the fruits

and seeds. The husk is made of leafy bracts.

Dehumidification- removal of moisture from any

substance.

Fusion- the process of combining substances by

melting them and using heat.

Porosity - the property of being porous, having

pores.

Refrigerants - substance used for obtaining and

maintaining a low temperature.
Silica - white or colorless, ‘extremely#hards
crystalline silicon dioxide, principal constituent

of quartz and sand,

Silica gel o d regenerative adsorbent

consisting of amorphous g1 llaa; Used for



S 08 ELCR L on i d ot et s conditioning,

drying of compresseqg air. . and . other gases and

1iquids, such as refrigerantsg and oils containing

water in suspension,

Sodium Silicate -

Water glass/ soluble glass;

crystal-like lumps that range from colorless to

white or grayish white and resemble glass but can
be dissolved in water to form syrupy liquid; they

are beat dissolved by heating with water under

pressure.

Sodium Carbonate - (anhydrous) sedaiashs

Na,Coz; washing soda; salt soda; formed by heating
sodium hydrogen carbonate, eithersisdrvis ¥e nit S

solution.

Sulfuric acid - also called Hydrogen sulfate;

dense, colorless, oily, corrosive liquid; prepared

by the reaction of water with sulfur dioxide.




CHAPTER II

REVIEW OF RELATED LITERATURE

A. The Uses of Corn and Its By-Products

Corn 1is usually utilized in the Philippines as
natural grain for food and feeds. The corn plant is
SSG =alS SERWI EREE B E T rous ¥ o oS s Com NaSs Eo Uy
SiEraighEesoladiistem. (stalle)fand large, narrow
leaves that are spaced alternately on opposite
sides of the stem. At the top of the mature corn
plianEsrstithel sEassel , " the malepartiofNthelplants.

Further down, the stalk grows one or more spikes
which develop into ears. Each one grows out from
Feneat M Eheba se o altl'c q R AT LI T 1 hols R N A
completely wrapped 1in leaves. The spikes bear
threadlike filaments which are the female flowers.
On the spikes are located the ovules which produce
the kernel or the seed.

@ E s grown insaliltpartsSEoESthe s Pha i ppines’,

Principally in Central Visayas, notably in Cebu, in



sections of Mindanao, especially in Davao and
Cotabato, and in Cagayan Valley. There are three
distinct cropping seasons in the country. The first
cropping season is from January to April or May, @&
second crop may be planted in May or June and
harvested 1in August or September; and the last
season 1is from September or October to December Or
January.

Over 20 percent of the country’s population is
dependent on corn as its principal staple food.
Corn kernel has the following composition: moisture
of 10 to 25 percent (depending upon weather and
other conditions under which it was grown); 70
percent starch (carbohydrates); 10 percent gluten
(protein)i#¥and the remainder vis ‘fatand ol fiber
in hull, and minerals.

Corn 'is also a 'principal 'ingredient in the
manufacture of commercial livestock feed, and
elsewhere, as a raw material in chemical

industries. Alcoholic beverages such as beer and



bourbon, and Indust riy)

", ,lf] I' ’,I‘IJ ‘ } Nel
[”ll]"'} ”.1"' i’lr(l a1 {'J'H ”!l" f llll

fates, | 1 18 Aalso

used I1ln a wide Larnge of {0500 products., From the

whl e kernels, Manufacturersy (M7 Ve CoOrn meal ,
breaklan foods, and hr,min/.

Being the Phi] Lo SOCON et et st

food crop Next to rice, the government has given

importance to the production of corn 4in the

COUNLrYya Lha bepartment  of Agriculture has beer

inplementing o series of national corn productic

programs since late 19705, The common opjective of

these programs was to increase significant ly the

total corn output by taking advant age of the

superior genetic potential of new corn varities

(Lales, 1993).

In the Philippines, corn nusks, corn stalks,

rices hulls, and coconut husks are potential

) h](,(:“(fr("/ Or hi()md.’}.'}. |';i’)”|'1',"} ’J‘?fl‘,‘f'J|l/ refer:

Lo renewable organic matter, which includes plants

and animal matter (wood, microbes, plants, animals,




and organic wastes) that can be converted to energy
(Gruzsal 28 i

The corn plant has a joined stalk varying in

heightafrom: Zabeic0; factland afrbn 172 Shche Toe2
inchesi“inl diameter.csAtwrtHe: basé of |lcach lstalk
section or internode are buds that produce lateral
branches called earshoots. Internally, the stalk is
composed of fibrovascular bundles scattered in the
pith, the spongy tissue that fills the interior of
the stalks. Chemical analysis of the stalk showed
BHaBEPLE Sfcontained 4.1 percent 'siliica i EEs s

Technology Center).

B. Production of Silica Gel

Silvealgellou's ta fhighMpuriEty chemically inert,
amorphous, dehydrated aggregate of SiO polymer. It
is derived from sodium silicate, a soluble glass
erystali=Like umps Athat Ypange' fromicelokless %6
white and can be dissolved in water to form a

Syrupy liquid, and from Sulfuric acid, a dense,



colorless, oily, corrosive liquid. Sodium silicate
trsrusedsin Ehe production of adhesives, fireboards,
insulators, cleansing agentssatsand nafiress proofing
material for fabrics, textiles and wood. It is made
by~ fusing -'sodium carbonate and silica (sand)
(Chemistry Made Basy):

Silica gel does not have an ordered crystal
structure and therefore its pores are not in
und fermesizel I kEt misgusedicn & liangeadis catl e FsoNe
desiccant at relative humidity approaching 100%
adsorption.

The true density of silica gel is 2.2 grams per
mishlimetre (137 Tpounds:siperincubic i foet) t8ibut  the
porosity of silica gel gives them much lower bulk

density of about 0.7 grams per mm and surface area

of about 750 square meters per gram or more than 5

acres per pound.
Sidlyi oz gel has valued applications in
industries such as decolorization, dehumidification

and  dehydration, gee. Eeadsorpvon and. o8 iy

PHuJPNNEscmNnr\mAfj}
LiaﬁklﬂxHLY




COntaining water 1t

includegq

Silica gel

The precipitate

is a jelly-like mass, which is washed to remove
impurities. The result is a form of hydrated

sidicas; reasonably represented by the formula

H,S103. Hydrated material 1s then heated to

dehydrate it. The

resul ting  ssditldcs (Si0,) can

adsorb water equivalent to 40% of its own mass.

5L Aprilysnl989 .a . PCIERD-assisted Project on
utilization of rice husks for the prxoduction . eof
silicate chemicals was started. This REoject, study
BiR Chensproduction ¢ .0fw8ilica +gel ..from.s sodium
Silicate had the ultimate objective of establishing

an economically feasible technology for silica gel




pr,,du(:tion. The Chemicals and Minerals Divisiorn,
Indus'..r'la‘l Technology and Development Institute
(cMD, ITDI) established the production steps toO
encourage local manufacture of silicas gel.. INe
processing consists of the following steps : (1)
Liquid silica solution was prepared by using sodium
silicate with sulfuric acid; (2) the solution was
ghei "allowed Lo set Tto rigid all-embracing,
clear, and glassy hydrogel; (3) when the gel
reached the appropriate mechanical strength, the
massive lumps were broken mechanically to about
centimeter sized pieces; and (4) the gel was then
washed free from impurities, dried, sieved, and
activated. The silica gel from this process was a
glassy, and granular product.

In 1991, Suavillo, Paramil, and Zalameda
conducted a study on the utilization of rice husk
ash using the CMD process for the production of
silica gel desiccant. Their study revealed that

silica gel can be prepared using sodium silicate



sulfuric acid. Sodium silicate was produced

and

from rice husk ash and caustic soda while sulfuriC
acid was produced from ChemPhil. The following

procedures were tried.

In method 1, sulfuric acid was added to cooled

sodium silicate. Based on several experiments using

method 1, the suitable concentrations for gel

formation were 40-45° Be HSO; or about 49-56% wt.

The use of dilute acid yielded opaque jelly-like

product. The wuse of highly concentrated acid

produced fine granules of silica gel which were
difficult to separate from Na,SO, and precipitated

Si0,. It was observed that  stirring to obtain 'a

homogenous mixture could not be employed because
Si0, precipitate was formed instead of silica gel.

Stirring or slow addition of sulfuric acid would

vesitlte vt disruptionssofssthetistiable:;: NaOf XieS10s

solution and subsequent precipitation of SiO,. The

pH of the mixture was not maintained below 3,

hence, polymer of H4Si0O4 was not obtained. One



-

rmndred‘qfams samples of sodium silicate were used
in the laboratory preparation of silica gel where
13-18 grams of product were obtained.

In method 2, CO, gas was bubbled into sodium
silicate prior to acid addition. The silica gel was
s1so separated from large particles of 5i0z
aggregates manually.

In method 3, sodium silicate solution was added
tro cooled sulfuric acid. The pH of the mizture was
maintained below 6. This method was further
investigated because it posed lesser problems for
scale-up experiments.

Silica gel was best produced at pH 1-3. The
results showed that CMD’s silica gel, was found
comparable to silica gel. According to the
researchers, the following activities should be
conducted for business opportunities: (1) design
and fabrication of suitable equipment for silica

gl enroduction: |« (2) evaluation of process



efficiency using the fabricateq equipment, and (3)
determination of manufacturing cost.

Later 1n 1993, Gonzales and his group conducted
geotudy. on the production of silica gel desiccant
¢rom volcanic ash by fusing the ash with sodium
carbonate and directly exposing the resulting
sodium silicate to hydrochloric acid to produce
gilica gel.

The latest experimental production of silica
gel was 1in 1994 when a group of students from
philippine Science High School Diliman conducted a
research and produced silica gel from geothermal
scalings. The research aimed to produce 1low-cost
and efficient desiccant from geothermal scaling. In
the preparation of silica  gelgzpittthe Sipulveritacs
geothermal scalings were fused with sodium
carbonate at 1000° C to obtain sodium silicate. The
0 s licate was added with hydrachlorig acid,
idated, and dried tO produce the slllCa = aal

desiccant. The total cost of the experimental



desiccant was COMPUTEHNITMY s found lower than the

orice of commercial silica ge],



CHAPTER IIT

METHODOL0gy
A.MATERIALS
Discarded, dried Hakn
crucible tong Stalks
nd
gjlfuric acid hotplate
furnace 9raduated cylinder
crucible analytical balance
beakers N large can container
oven Teagent bottles

SElEringsrod

triple beam balance
sieve

g ot 1ght containers
petri dishes

B PROCEDURE

B.1' Burning of corn stalks

Five kilograms of corn stalks were collected.
The stalks were cut and placed in the oven at
90°C for 10 minutes to remove the moisture. The
Erlad B etalkaswere theni blaced imia large can

container and burned.



np,2  Ashing

Thirty grams of the black ash obtained from the
burning process was Placed {p three crucibles.
rhe three cruciblesg ®ach containing 10 g of black
ash was then bl

aced inside the furnace at 600°C

for tour hours.

B.3 _Preparation of sang

350 grams of sand was collected. The san

n S 1d was
sieved to separate fine sand from the coarse one.
The coarse sand was discarded.

B.4 Fusion

Three different proportions of sand and corn
stalk ash were prepared and replicated The
proportions were 22% sana: rosash, QUS
sand:50%ash, and 75% sand:25% ash. Five grams of




¢. Duncan’s Multiple
120 ljring Moisture Adseo Range Test (pMRT) for

Tption C . g
omP - apacity of Silica
c L in pifferent Treatment Levela, Y

Peron: o=

/—’—j izrcentége Moisture *Rank ”
W Sorption Capacity
i i tice 30.93 1]
,A///_§ 20.89 2|

:

; - 26.58 3

r \/"/

‘ |

£ 26.44 - I

:

‘ 'a/GGErTge of the three duplicates

» . any two mean connected by the same vertical line are

not- significantly different at the 1% level of significance.

The data in Table 4 shown that the silica

g IR RS Fea tments & D BhJgefthe highest percentage

moisture adsorption capacity, while that of
treatment B had the lowest among the Fouax

treatments.

Statistical Analysis (Duncan’s Multiple
Range Test) of the percentage moisture adsorption
Capacity of the silica gel at different treatment
Combinations showed that treatment A ( control) and

Lreatment D did not differ significantly with each

Ns

¥




‘ Jvere laced j :
ach v P “Atiag cruaihle randeatussiies

(45]

oc for 6 hours. :
1100°C = PIhS pidsture yagthen rallowad

g.4 Acidification

20 mL of 49-56w/w Sulfuric acid was slowly

added to each mixture of gzsp and sand. The

mixtures were then left to stand overnight.

B.5 Decantation

The solid particles were allowed to settle. The
liquid was poured out gently from the container

without disturbing any sediment.

B.6 Washing with water

The precipitate was washed with distilled water
until the washed 1liquid was colorless and

Produced no more odor.



The Purpose of :
I aShlnq Was to remove soluble

geterBUS LNOIL Bhg Precipitate

.7 _Drying

The liquid in each Suspension was removed by

decantation. The solig Obtained from each were

dried with a commercial siljcs gt i 200°C: For @

.EVALUATION OF THE PRODUCT

C.1 Moisture Adsorption Capacity

Bitcr e drying, each sample which contains
different proportions of corn stalks ash and
sand was placed in pre-weighed foil boats for
moisture adsorption capacity test. The foil boats
SechEmerontaining. 0.5 < grams - of/ ‘silica ' .qgel,

alongside a small container with distilled water




were placed inside

Separ
at : 4
3 dlrtight containers.

last readings were

ecorded as th :
: e Welghts and the moisture

orption -
adsorp capacity Calculated from the equation

% Moisture Adsomti itv= [
ption Capacity = Final weight — Initial weight x 100

Initial weight

GoZMeStatisti califnallysis

The results obtained from Moisture Adsorption
Gapacitymte SEROE silica gel at different treatment
combinations were subjected to One-Way Analysis of
Variance (ANOVA).

Comparison of Moisture Adsorption Capacities

between treatment means was done using the Duncan’s

Multiple Range Test (DMRT) .
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A RAW MATERIALS FOR SILICA GEJL PRODUCTION

This study aimed to produce silica gel

desiccant from different proportions of sand and

corn stalk" ash. Sand is the source of silica

while cornstalk ash is the source of both silica
and sodium carbonate (Britannica, 1993). Silica
and sodium carbonate were fused at very high
temperature of 1,100°C using a furnace to
produce * "sodium = silicate which 'is the main
gemponent="of “silica™ gel, Sodium silicate was
acldified by adding sulfuric acid. It was then
washed with distilled water and dehydrated by
oven drying at 200°C to form silica gel.

This study showed that burning of one

kilogram of dried corn stalks produced an average

of 103.2 grams of ash (Table 1).

il



e 1. Amount of ash prggy

1 c .
12 one kg of driedg corne:églfigfrOm burning of
REPLICATE
E;;;;;;;;;T ASHlPRODUCED(qu)
2 et L O B (T
3 104.50
103.60
bt 103.20
/

8. QUALITATIVE OBSERVATIONS OF SODIUM SILICATE

Three different PropoEE ions Mo

cornstalk ash were prepared and replicated. The
ratios were 25% sand:75% ash; 50% sand:50% ash;
and 75% sand:25% ash.

After fusing the mixture of sand and ash
N tomperacure S oflll ) 1002CEY Al grayi sh iwhittey
hard, glassy solid substance was formed following
the shape of the crucible. It was observed that

treatment D (75% sand:25% ash) showed closer

arrangement of the identified glassy substance

while same substances were arranged further

apart in treatment B and C. These substances were

identified as water glass Or sodium silicate.

AN



MOTSTURE ADSORPTION capacypy

The experiment
al gi74
llica gel produced was
Sub']@(‘ted to

moistuy; :
T€ adsorption Capacity test.

pitial and final wWeights were recorded every 20

hour interval for g4 duration of 80 hours

-reafter, ad
the SOTPtion end-point was noticed

since there were no more increases in the weights

of the different treatments. These data are shown

in Table 2.

Table 2. Average weights (gms) of silica gel in
each treatment combination of sand and ash at

different time intervals. Values are means of
three replicates.

Mean weights (gms)
Time A B C D
Intervals Control 25% sand: 50% sand: 75% sand:
(hours) (commercial 75% ash 50% ash 25% ash
gel)

20 0.6378 0.6274 0.6277 0.6466

40 0.6417 0.6287 0.6295 0.6493

60 0.6456 0.6302 0.6311 0.6520

80 0.6494 0.6322 0.6329 0.6547

The percentage moisture adsorption capacity was

determined by taking the ratio Dbetween the

2]



“(IOVC“CQ of final

| and initiga | weight and
lmﬂtiplying LRy 9400, The average percentage
poisture adsorption TrPAshiy SOt At ch Badd the
gifferent  treatment SOMnatidons o aband ¢ hnd
cornstalk ash is shown

in Table 4.

Table 4: Average moisture

adsorptio ; £
silica gel of @ each rption capacity o

? treatment combination at
different time intervals.
_
% Moisture Adsorption Capacity
rime (hrs)
A B c D
Control 25% sand: 50% sand: 75% sand:
Commercial | 75% ash 50% ash 25% ash
silica gel
20 27.55 25.48 25.55 29.32
40 28.34 25.72 25.89 29.85
60 29.11 26.03 26.23 30.40
80 29.89 26.44 26.58 30.93

The results of the computat ions for the
percentage moisture adsorpt ion capacity based on
the final readings (80 hours) revea led that

o 0

- average
ir - , y96% ash) had an avel
Ireatment D (75% sand:zo%s 3

AR



coture adsorpt i B e a
qoistu ption LdpdCILy of 30,93
*73%; Treatment A
smmercial silic :
(comn SUgelieiag, ges
°“%; Ltreatment BENEIDE

o\

and;75% ash) and ¢

w

50%
( Sand; 50% ash), 26.44 and
26.58 respectively, '

2 ¥7 Thisiiigoesii o | o
treatment B

and C hg
Ve almost similar moisture

adsorptlon capacity apg the lowest compared to the

other two treatment Combinations. Trea e
slightly lower, while Treatment D had the highest

adsorption capacity.

Table 5. Analysis of Variance (ANOV2) of the

Moisture Adsorption Capacity of ISHEIEEENCE R
Different Treatment Levels.

Source of Sum of Df Mean Calculated | Tabular F
Variation squares Square F ROSHROET
Column 5T03 3 Ae7E2 0 36.98 ** | 3,49 | 5,95
means

Error 5.55 12 .46

Total 56.58 kS

** highly significant at 1% level of significant




er. This means

that Lreat

ot! ; e
-TeNt A‘and 'D had the

sanad PerCeNtRUe §mdsorphin, c
: dpacity

o SR The results
purther S 2 REnkhe ex .
‘Perimental sijj
1ca gel had

~mparable per 5 :
compa percentage Molsture adsorpti
10n capacity

4ith the commercial Silica gel

p.SODIUM SILICATE YIELD

R fe o bR IO B produced from the

different proportions of sand and corn stalk
ash were measured using a topload balance

Yield in each treatment combination is shown

1) i > 0 B el e

Table 7. Yield obtained (in grams) in each
treatment combination based on 5 grams of different
proportions of ash and sand mixture.

—
Replicate
g en; Total Mean
1 2 3
Y 4.92 4.89 4.97 14.78 4.93
[C\ 4.94 4.93 4.96 14.83 4.94
o R 5.00 4.96 4.98 14.94 4.98

N



ment D (75% sang: o
ﬂeat it ash) gave the highest

Per 10 grams

Ljxture while treatment p (2

g of 4.98 grams
y1€
sand and ash

°% sand:75% ash) had
cne lowest yield of 4.93 gran. per 5 grams of sand

and ash mixture.

Results of this Study showed that higher

percentage of sand promotes 3 higher yield

Table 8.jProjec?ed sodium silicate yield in each
treatment per Kilogram of Ash Sand Mixture.

Projected Yield in grams
Treatment
-
B(25%sand:75%ash) 989
C(50%sand:50%ash) 988
D(75%sand:25%ash) 996

From this study, it can be projected That

one kilogram of corn stalk ash and sand mixtures at

different proportions, can produce sodium silicate

ranging from 988-996 gms (Table 8).

YO



. STLICA GEL YIELD

gjlica gel produced from tpe different treatment
Propoftions were weighed tising g top load balance
yield in each treatment Proportion is shown in

Table 9.

rable 9. Silica gel yield in each treatment per 5

grams of sand and corn stalk ash mixture.

Treatment 1 2 3 Total Mean
B(25 :73) 4.63 4.56 4.64 13.82 4.60
C(50: 50) | 4 @2 4.61 4.63 13.86 4.62
275 2NNl 4.64 4.65 14.04 4.68

Treatment D (75% sand : 25% ash) showed
the highest average yield of 4.68 grams per 5 grams
of sand and corn stalk ash mixture while treatment
B( 252 sand : 75% ash) had the lowest yield of 4.60
grams per 5 grams of sand and ash mixture.

This study showed that per 5 grams of sand
and ash mixture, silica gel ranging from 4.60 grams

4.68 grams can be produced.



Collection of corn stalks
Burning of corn stalks
Ashing

Collection of Sl

Fusion at 1100° ¢

|

Addition of 49-56% w/w H,S0,

.

Decantation
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Decantation

.
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!

Evaluation of Product
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Statistical Analysis
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CHAPTER v

Y, CONCLUSIO
GUMMARE / NS AND RECOMMENDATIONS

1L§H§M§RY OF SIGNIFICANT FINDINGS

The main purpose

Of this study waASEEES
oroduce silica gel from corn stalk ash and RS
at different <tTreatment combinations. IR ol

fimed to determine the "moisture adsorption

capacity of the experimental silica gel IPEGCHESE

and to compare their moisture adsorption capacity

witeh that of the commercial “silEicatgeil
Specifically , this study souglliEEuSEEEIESIES

the following questions

1.Is silica gel produced fronuSEIRREN ==

ash and sand capable of desiccation?

2 Is the moisture adsorption capacity of

the experimental silica gelNEESINEIRCICEENEE

the commercial silica gel?

Pl i he mollsElre adsorption capacity of

the experimental silica gel affESESCEEE



khe Bauienans Proportions of sand and corn

stalk ash useq?

The significant findings of this study are

summar

d

Qi

ized as follows:

After fusion of different proportions
of corn stalk ash and sand mixtures at
1100°C for 6 hours, Sodium Silicate
with impurities was produced.

The product produced was then
processed into silica gel RGNS
proven to be capable of desiccation.
Further analysis of the results
revealed that treatment A (commercial
silica gel) and treatmens D(75%sand,
25%ash) did not differ significantly
with each other. The results further

show that the experimental silica gel

had comparable percentage moisture

adsorption capacity with the

commercial silica gel.



v, Results aeff the i :
Molisture adsorption

capaclity test revealed that treatment

) > ,
D has an average moisture adsorption

capacity of  30.93%; treatment A,

29.89%; treatment B and C, 26.44 ai®

26.58, respectively.

3 CONCLUSIONS
LCONCLUSIONS

Based on the results of this study, the

following conclusions were drawn:

i Silica gel produced from corn stalk
ash and sand is capable of
desiccation.

ii. Different treatment proportions showed

different moisture adsorption
capacities.
194 The experimental s LlNtEs gel,

specifically, treatment DI SRS e el
26% hoash) showed better adsorption
capacity among the other treatments

and is comparable with the commercial



’V’

silica gel 0

Lermea
-LMs ,)[ 'J’Jf}()(fl' i’)(l

yerformance,
f

OMMENDATIONS

e

pased® on the i nding se*ane

conclusions R&iR

his study, the researchers strongly recommend the

fpllowing:

i

T

abab

7

The wuse of 75% sand and 25% eI
stalks ash mixture for the prodilcEEe
eifuis iltea dgely:

The fabrication of suitable cEEESSII IS
for silica gel production for business
pPUrposes.

Further study on the use of other raw

materials for the production of silica

gel.

ITnnovate a simplified, less laborious

method/procedures for silica gel

production.
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APPENDIX A

Result of Chemucal Analysis OfCrop Residies (d
r)!

Result of chemical analy

818 of crop residues (dry matter basis)

matter basis)

R R Ca e Mg S0, T Fe Mt 2
R of Residue - (e — o
Qce Straw 066 007 093 029 064 49 429 118365567
Rice Hull 049 005 049 006 004 127 173 109 36
Comn Stalks FOSIEEOE]S, B 42550024 880308541 186 38 30
Sorghum Stalks 074 010 141 035 028 39 260 28 34
Soybean sterns 191D R 0] 28881 0450130 20:62 W29 562 35 27
Peanut Hull Q7aNT0lI2 T 046 0.048 +0.15 2.8 388 45 18
Bark 1338 007 060 144 020 1.2 999 259 41

Source - Food and Fertilizer Technology center

Extension Bulletin no. 315



APPENDIX B

75 OF SILICA GEL FROM DIFFERENT TRE

TMENT COMBTNATIONS WHEN
\\EI?E CTED FOR MOISTURE ADSORPTION CAPACITY TEST(MACT)
SUB

trol) B(25%sand,75% ash ) C(50%sand,50%ash) D(75%sand,25%ash)
A(con
Time
PLICATE
REPLICATE REPLICATE RE
(hrs) REPLISATE 3 e 2 3 1 2 3 e
1 VA

5 .6451
6396 .6335 .6282 6249 6291 6281 6302 6249 6432 6515
g . 9 9 2 5 .645 543 6481
6435 .6431 .6385 6295 .6258 6309 .6293 6326 .6265 .6454 65
Vi .44 9 7 4 6571 6512
0 .6280 .6477 .
6267 6329 .6304 .635
6466 .6434 6309 .
0 6467 .

. . 3 .



APPENDIX (

percent Moisture Adsorption Capacity of Silica Gel from Different Treatment

Combinations

B. Percent Moisture Adsorption Capacity of Silica Gel from different treatment

able
ombinations:
) A(control) B: 25% sand C:50% sand D: 75%sand
Time(rs) 75% ash 50% ash 25% ash
REPLICATE REPLICATE REPLICATE REPLICATE
1 2 3 TSI 3 TRO SRS 31 S

2804 2792 2670 25.64 2498 2582 2562 2604 2498 2864 3030 29.02
20 : :

2870 28.62 2770 2590 25.16 26.18 2586 2652 2530 29.08 30.86 29.62
1) . : :

2934 2932 28.68 2618 2534 2658 2608 27.00 2560 29.54 31.42 3024
6 3 : :

80 2998 30.02 29.66 26.84 2552 2696 2632 27.50 2592 29.98 31.96 3086




/\I’I’liNl)IX D

. : fOl' r'\l\d’ lVSiS Of Vd' riancc A
A )Ut;,uons - ( N()VA) for he A
U“m t 1 MOIS[UI(‘ /\
> Ads

| orption Capac
;i Dl | ' af ll(,lly
at Different Treatmen Combinatio,

18

The total variation or the total sup of squares (

‘ TSS) is Computed by getting the
nof each entry minus the correction term ( 2yt
sl |

N

)
e fefers 10 the value of each entry and N ¢ the total number of items of entrei
ies

The total sum of squares for Table is computed as follows -

=12340.98 - (443.24)’

=12340.98 - 12284.40

=56.58

The between- column variance or between-column sum of squares (SSp) is of
the sum of the squares of of column sums, minus the correction term, where r refers to the

number of rows.

88, = | ( sum of each column)? - (£5)



l‘(]. a ) ] " |228

B e sum of squares and the between colump sum of squares
t

- 56.58 — 51.03



APPEND F

L mpilations for Duncan's Multiple Range T (DMRT
(¢

) for Comparing Moisture
adsorption Capacity of Silica Ge Different Treatment Comp
moInation

gefer 1© Table 4
The least significant range for the p Means, and is denoted by Rp, where
= 5 4 Ny §?
7 Slad A A I
A . ¥ *

0g9 2644 2658 3093

Increasing order of magnitude of sample means
B e acison & D

%44 2658 2989 3093

From the mean square (s°) of the Analysis of Variance in Table 3 at 5% level of

significance with 12 degrees of freedom, the error mean is 46,

From Table of Significant Studentized Ranges for 5% and 1% Level New Multiple
Range Test obtain the value of r, with 12 degrees of freedom, for p =23 4,5
Compute for Rp, by using:

Ro =g V2

Where: Rp = Jeast significant range

2
5 7 mean square



gosults ol

()

o of samples
)"

least sipnificant studentized range
lp ;

Rpr = opy [ Caw
9
= P Lisg)
= Ep)300) 3
Loy

Computations

~ > S
o R)
; e
"f"’l :.0 Pl e ————————)
l‘\ ) 0 ~‘._1 ‘ ‘0 ‘\ }§
1.04 )0
RP 1.0¢ 112 L4

Comparison of the least significant ranges with the differences in ordered means
Since D - A = 1.04 = Ry= 1.04, we conclude that D and A are equal.

Since D - C =435 > R; = 1.09, we conclude that D is significantly larger than C

Since A- C=331>R> = 1.04, we conclude that A is significantly larger than C.

i
=]
<
(27
~
'
o)
Il
(%]
4
‘N
/
=

s = 1.09, we conclude that A is signiticantly larger than B.
Since C - B = 14 < R, = 1.04, we conclude that C and B are not signiticantly

different.
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Megsayssy\Vilage - ANDTESTING gepy
Ls Paz, Il Gy Fooio Do
ol No (033) 320-0093 lloilo Ci ~
Tel No :?.'33, 338-0778
AW red
TEST REPORT
< Reference No. 0199025 TC
B e : 1
;\nf;‘ RC\BR‘.\[;CI ' ‘]m“mr,\' 12, 1999
D eported : January 19, 1999
L":[‘ e submmfd as : Com Stalk Ash
& : ) A0
B . € ‘db\' . Claribe /
ample qubmitted b - ;l‘.\r}bc‘lle V. Floro
Bhlhpplflc‘ Science High School
rgy. Bito-on, Jaro, Iloilo City
REPO RT:
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45.1

Test Method: Gravimetry

REMARKS:

This report is based on sample received by this Office and is of no value for
advertising purposes or sales promotions nor as basis for Tariff or Customs
Classification of imported commodities.

This report may not be reproduced, except in full, without written approval
from the Department of Science and Technology Region VL.

,L{; Lor e
MARGARITA T. AKNAIZ
Analyst

Attested:

ZINW{UEL

Regional Director
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Plate 10. Drying
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