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ABSTRACT

Catalyst synthesis G@0O,), of waste tuna fish bones have been done. Theysataas yielded by calcinations tuna
fish bone powder on 600, 700, 800 and 180@or two hours. Calcination of product was chaexized with X-RD

to Determine phase and crystalinity, SEM-EDS foalgre of metal and oxide composition. The resuwisthat
tuna fish bone have not been calcined showed a gtk at 2 = 31.4° and 33.9°. The results of hydroxyapatite
with high crystallinity nature formed on calcinatidemperature of 900 °C and 1000. Analysis using SEM at a
temperature of 1000 °C calcination, granule sizetipke is 1 um to 2um with a composition there are 33.29% is
P,0Os5, 0.53% is NgO, 0.68% is KO and 65.31 % is CaO.

Keywords: Catalyst, Ca(PQy),, tuna fish bone, calcination, crystallinity, chatexized.

INTRODUCTION

Increased demand for fuel is inversely proportidnadupplies of petroleum reserves. Fuel oil is-remewable and
its availability is limited, its requires breaktlughs to find alternative energy sources that héi#yato substitute
fuels from petroleum, renewable and does not polie environment. One alternative fuels that eptace the role
of oil is biodiesel. To be eligible the price, bieskl produced should have a lower price in ordezampete with
diesel oil of fossil (oil) [1-7]. One method is pooduce biodiesel via transesterification reactismolving methanol,
catalyst and oil. Through this method, in ordegét the product cheaper biodiesel can be done [ifyinng the

type of catalyst.

Aplication of homogeneous catalysts such as KOHNafOH in biodiesel production has the disadvantafye o
requiring the washing process is repeated for thidigation of biodiesel, a catalyst was used cahbe regenerated
at the end of the reaction [8-9], finally catalysill be removed along with the impurities and netused
(unreusable) [10-11]. Efforts are quite promisisgutilization of solid catalyst such as CaO [128 &&(POy), is
sourced from fish bone [13-15]. The catalytic apibf the catalyst from both these sources in cding oil / lipid
into biodiesel is high, the shells can convert palhand soybean oil 90% and 95% respectively aagR®,), from
waste fish bones Labeo rohita can convert soybgamtil 97.73% [16-17].

Tuna fishbone is a waste of tuna fisheries withrthmber reaching 15% of the body weight of fishnBmaturally
consist of 70% inorganic minerals, 20% organic aratind 10% water. The organic material is mostlylenaf
collagen type |, whereas inorganic minerals conagrisf carbonated hydroxyapatite [18]. Fish cont&ds/0% of
bone mineral, with the composition of 30% in thenfoof collagen protein and most bioapatite, inahgdi
hydroxyapatite, carbonated apatite or dahlite. Gt components of inorganic compounds predontipdish
bone calcium compounds (Ca) (135-233 g/kg) and mitmsis (P) (81-113g/kg) as well as smaller amoahtdg,
Fe, Zn, and Cu, with ratio Ca/P approached 1.672[49Bioapatite crystal size and order fish andmmeal bones
are generally the same (Kim et al.1995) and costaydroxyl (OH) is low, and also a low crystalliniBased on
this background on this research, synthesis gffta), tuna fishbone that comes from the Maluku Islanoteptial
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to be a catalyst for the production of biodiesahgesterification reaction. The analysis was peréor with the
synthesis, characterization and determination ®htimeral composition of the oxide after synthesis.

EXPERIMENTAL SECTION

Tools and materials

The materials used in this study are tuna fish bdii@unnus sp.) Obtained from the processing cd iunPAmbon,
distilled water, N gas, Whatman-42. The tools used are electric reMammert, a magnetic stirrer (Science
Ware), Balance analytical, mortar, Oven (Memertams of calcination, thermometer 100) analytical balance,
Quantachrome make-NOVA 4000E, canning electron astompe (SEM) (JEOL Lstd., Japan, JSM-5200), X-ray
diffractometer SHIMADZU type XD610.

Catalyst preparation

Tuna fish bones washed with distilled water urilan. Furthermore, both the catalyst base materidtied in an
oven at 158C for 1 hour. Each 1 kg of the catalyst then crdshising a pestle until smooth and sieved to sifes o
not passing £ 200 mesh.

Synthesis catalysts C4PO,), of tuna fishbone

Solids fish bones that have been sifted and weigigdnuch as five times each 150 g. The synthesiseps
Ca(POy), bone fish is done by entering the solids that haeghed into the calcination apparatus. Calcimatio
process is done by heating the solids with tempegatariation of 600C, 800°C, 900°C and 1000C for 2 hours
and flowed gas Ngas slowly. Furthermore, the sample was coolewtlithe catalyst is inserted into the bottle and
sealed.

Catalyst characterization

Characterization of the catalyst made by a spebtimmeter X-ray diffractometer (XRD) Shimadzu XD-3H
Perkin-Elmer TGA analyzer (Pyris Diamond TG / DT&)e make Quantachrome NOVA 4000E, scanning electro
microscope (SEM) (JEOL Ltd., Japan, JSM -5200)frBktometer analysis by X-ray was done using Gu K
radiation to 2 gram sample was placed in a ceit aptl spectra observed d 2 2 - 80, the observed spectra are
used to determine the type, structure and degregystallinity of the catalyst.

RESULTS AND DISCUSSION

Preparation synthesis Ca(PO,),

In this research synthesis process was done usirega stages in order to obtain a catalyst wightability. The
steps being taken are yan preparation stage cemgisteaning the bones of tuna and feathering $amte powder
and sieved to 200 mesh, is the process of calcitingroduce the catalyst and the latter is the adtarization.
Sources of raw materials to synthesizg(B8y), is hydroxyapatite (HAp) which apatite mineral caupd that has
a hexagonal structure. HAp is a crystalline phdseatcium phosphate compounds are most stable.clhbmical
formula of HAp is CA«(PQ,)s(OH), has the lattice parameters: a = 9,433A, ¢ = 6,826M the ratio of Ca / P =
1.67 [28]. Excess hydroxyapatite is porous, bimacthon-corrosive and wear resistant. A synthejirdxyapatite
material like bones that have a nature to bindh® bone as well. The nature of the calcium ion®{Can
hydroxyapatite can change ions of heavy metalsateatoxic and absorb elements of organic chemisttiye body
[21].

Properties of hydroxyapatite which is biocompatibhel can be received by the body tissues makesnthtisrial is
used as raw material for the manufacture of bior@$e (materials other than drugs derived from ngyi
things/synthetic) that can treat, augment, or @pkissue or organ function of the body, as weldalsorbent, a
photocatalyst , upholstery material, and plays la o the field of biotechnology, for example usasl support
material for the immobilization of enzymes, as veaallgood for use as hard tissue implant, which improve bone
and teeth. Hydroxyapatite as a major componenboglis a bioactive material which has a good ossegiation
properties when used in the field of orthopedicss&dintegration is a material's ability to fusehwiihe bone.
Osseointegration is the main condition of the nmal®mused for implants [22]. Hydroxyapatite hascresd 69% by
weight of the weight of natural bone and has a gewral structure which is the most stable compoundsody
fluids and dried in air until 120%C.

Preparation of the catalyst £B0,), begins with the process of cleaning the bonesioé from the remnants of

meat and washed with hot water several times fne@ of meat and fats are attached, then the dngingess in
oven at 100 °C for 24 hours to remove water asign E Bone tuna is completely dried, then crushad then
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ground with an iron mortar and sieved to 100 méah. Sieving process is carried out aiming to redie particle
size so that its surface area becomes larger agmshad-ig. 1.

Figure 1 Tuna fishbone and powder

Catalyst synthesis CgPQ,), of tuna fish bone waste

Tuna fish bone powder that has been sifted andhedigas much as five times each 50 g. The syntpestess
Ca(PQy), of tuna fish bone waste is done by inserting algbht has weighed into the furnace. Calcinatimtpss
is done by heating the solids at 60 temperature variations, 700 °C, 8, 900°C and 1000°C for 2 hours.
Before calcination process, the compound of HAghia bones of tuna is GXPO,)s(OH),. After calcined the
compound turned into G@Oy),.

Table 1. The results of calcination process powdéuna fisbone at various temperatures

Temperature| Times Initial weight  Final weight Pertege
600°C 2h 4.0426 g 1.9238 47.59 9
700°C 2h 4.0874 g 1.8702 45.76 9
800°C 2h 4.0832 g 1.8459 45.21 9
900°C 2h 4.0605 g 1.8191 44.79 9
1000°C 2h 4.0414 g 1.6910 41.84 9

Average 47.37%

Table 1 shows that the mass mass before calcinatidrafter calcination is reduction in the averpgecentage of
the mass efficiency calcination results in the amboof 45.04%. The observations show that the higher
calcination temperature (sintering temperatureg theld of the resulting smaller. Calcination prexeat a
temperature of 1008C produce yield 41.84%, calcination at 900 °C resluin yield 44.79%, calcination 800 °C
resulting yield of 45.21% and 70C resulting yield 45.76%. Calcination at 600 °C dirces the most yield is
47.59% with the color gray powder. This conditiodicates that the powder is still contained orgaoimponents
and have not shown a high degree of purity [23}e Tke of sintering temperature of 600 °C on a figimbone
powders are still gray [24] the same conditions wlatmined as in Figure 2.

Other researchers [23] states that the value ofigdd in the range of 60% or less with a color e to white
indicating a more pure hydroxyapatite. The decliméhe yield on the calcination process allegedigduse of the
loss of water and organic material contained inrtfaerial powder fish bones. Two inflection poiots the bone
powder tuna is at a temperature of 100.5 °C and63835, which indicates the loss of water and orgamaterials.

Figure 2 Tuna fish bones colour after calcination
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The inflection point at a temperature of 365.6 f@licates a loss of collagen and other organic riadger
Calcination at a temperature between (200-300h&tetwas a slight loss of weight of componentsralination of
water and organic material [25]. Losing weight wiippen drastically at the sintering temperatuf®{300) °C,
due to the decomposition of organic materials, dgnmellagen, fat and protein are associated witheot
components in the bone. Compounds that are lefi@wcalcination temperature of 600 °C is Hap [26].

Characterization of catalysts

Tuna fish bones catalyst characterization by XRD

Catalyst characterization was performed using Xeiffyaction, SEM and EDX in this study aims to @ss the data
crystal Ca(PQy), bone tuna used. There are four phases contairfieshibones early namely apatite carbonate type
A (AKA) with the molecular formula (CA(PQ)s(COs),), apatite carbonate type B (IMR) with the molecula
formula (CA(PQy)3(COs)3(0OH),), tricalcium phosphate (TKF) with the molecularrfla (Ca(PQy),) and octa
calcium phosphate (OKF) with the molecular form(GsH,(PO4).5H,0). The mineral apatite phase is already
contained in the fish with a low crystallinity [28].
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Figure 3 Diffractogram of tuna fish bone iniatially

2200

2000 1

1800

1600

1400

1200

1 (CPS)

1000

800

600

400

200 A

T T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 80
Theta-2Theta (deg)

Figure 4. Diffractogram of tuna fish bone after catination at 600°C

In identifying compounds calcination phase dicaititriphosphate results can be analyzed using XRbayX
diffraction patterns of tuna fish bone powder befoalcination at the calcination temperature of 8B00800°C,
900°C and 1000C is presented in Figure 3 to Figure 7. XRD diffiaic patterns produced showed that the peaks
of the XRD patterns are shifting as with calcinattemperature increases. Before calcination obdaihe highest
peak at 8 = 31.4° and 33.9° which is characteristic of hygwpatite phase.

At the time of the calcination at a temperatures00 °C not show significant peak shifts in samples ofatdish

bones. Another emerging phase in addition to hyghpatite after calcination at a temperature of ®QFigure 8)
is a carbonate apatite type A, tricalcium phosplatd phosphate oktakalsium. Carbonate apatite f&ypeas
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detected at @ = 21.8°, oktakalsium phosphate detected tat=29.9° and 41° while the tricalcium phosphate is
detected at an angl® 2 35.6°, 44.5°, 51.2° and 57.0°.
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Figure 5 Diffractogram of tuna fish bone after calénation at 800°C

Phase compound tricalcium phosphate (TCP) whicheapjpndicating the process of decomposition of HAp
compound in the sintering process 1.200 °C (Pré&aaraand Rajeswari 2006). X-ray diffraction pattetna
temperature of 800 °C showed the highest peak ofwith 20 = 33.7°. The result diffraction pattern is dometht
by the phase of hydroxyapatite, but there are stmemely phase carbonate apatite type B (51.0d)p&takalsium
phosphate (22.9°, 32.6°, 42°, and 43.9°).

3500

3000 1

2500 1

2000 1

1 (CPS)

1500 4

1000 1

500

0 T T T T T T T T T T T

20 25 30 35 40 45 50 55 60 65 70 75 80
Theta-2Theta (deg)

Figure 6 XRD result of tuna fish bone after calcingion at 900°C

The results of hydroxyapatite with high crystaliynnature formed on calcination temperature of 800and 1000
°C views from the highest peak compared to the p¢@alcination temperature of 600 °C and 800 °QG fighest
peak in the diffraction pattern of the sample va#iicination temperature of 900 °C and 1000 °C isébat an angle
20 = 33.9°. Hydroxyapatite is formed there are offteses, namely AKA, AKB, OKF, and TKF. AKA phaseaph

can be formed at high temperatures and replace®tapn the structure, while the AKB phase can benfed at

lower temperatures by replacing ion (FO[26].
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Figure 7 XRD result of tuna fish bone after calcindion at 1000°C

Tuna fish bones catalyst characterization by SEM

Fishbone generally contain hydroxyapatite with ayvieew degree of crystallinity. Fish bones will turinto
hydroxyapatite with high crystallinity on the hewgi temperature (800-1200) °C [27]. Catalysts (RQ), is
generally made from fish bones through a calcimagimcess at temperatures > 8D0At a temperature of 60T
visually would seem that the hydroxyapatite powidezomposed of stacks that are still solid. Visuzdlysis of the
catalyst made by using a SEM to fish bone powdex mmperature at 60T with a magnification range can be
seen in Figure 8.

VEGA3 TESCAN

(@) (b)
Figure 8 Analysis of the morphology of the tuna fis bones on the calcination temperature 1000 ° C magications (a) 5000 times (b)
10000 times

SEM characterization by calcination at temperatfr600°C showed that the constituent particles of samislat
form hydroxyapatite is not all either change thecure or a constituent. There are some partshtinag undergone
changes give clues already a fraction the constitebange their structure and form other compouridés
visualization indicates that the calcination precasa temperature of 660G has not been able to change hydroxy
apatite into pure GEPOy),.

After calcination at 1000 °C was obtained visudlaa of changes in the structure of the fish boogvger form
uniform particles. According to [27] that the hy”yapatite is not spherical, the particle form vdrand resembles
a crystal form. The composition and distance ctuestit particles of hydroxyapatite samples are aisgular.
Microcrystals contained in fish bones are very $ntia¢ size of the crystal particles of 5-10 pmeThicrostructure
of hydroxyapatite vary in size and are influencgddmperature treatment is used [27].

The morphology of hydroxyapatite which has undesgamprocess of heating crystalline and the crystahbled /
irregular, alleged that the crystal size increas#h increasing temperature used [23]. Samples witltination
temperature of 1000 °C has a granule size largeiclgais 1 um to 2 um. Granule size difference thought to be
caused due to the calcination process is carried ou
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Tuna fish bones catalyst characterization by EDS
Elemental composition of the oxide catalyst calttoraresults conducted to identify the contenthaf tatalyst that
has been synthesized. Samples analyzed were thk oé<salcination at a temperature of 68D and 1000°C.
Based on the results of EDS analysis of elementabosition of the oxide can be seen in Figure 9.
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Figure 9 The catalyst composition of fish bones dhe calcination temperature of 600°C

Based on the results of EDS analysis using theimatanformation that the calcination temperatui®@0 °C the
main content of the sample is shown by the higleigal intensity obtained. The complete kompiosidticed
catalyst at a temperature of 6@ summarized in Table 2.

Table 2 Contents of the element and oxide catalystisna fish bones at the calcination temperature 606C

Elements | Weigth (%) Compounds Weight (%)
Sodium 0.4 NgO 0.53
Phosporus 14.53 285 33.29
Calsium 46.67 CaO 65.31
Potasium 0.57 ¥O 0.68
Clorine 0.19

Oxigen 28.88

Table 2 provides information about the quantitgatalyst oxides contained the bones of tuna whielsgnthesized
by calcination at a temperature of 61 At this temperature calcination the catalysttams oxides are as much as
33.29% BOs, N&O as much as 0.53%, 0.68%@and CaO as much as 65.31%.
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Figure 10 The catalyst composition of tuna fish bogs at the calcination temperature 1000 °C

The catalyst composition is calcined at a tempegatd 1000°C visible in Figure 10 shows that the elemental
composition of Ca contained in the sample decrefsed 47.67% at 600C calcination temperature becomes
39.91% on calcination using temperatures 1800This fact strongly supports the hypothesis thatcalcination
process can be used to improve the content ofdiiga diphosphate is contained in the bones of.tuna
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Elements Weigth (%) Compounds Weight (%0)
Sodium 2.93 N#D 3.94
Magnesium 1.04 MgO 1.73
Phosphorus| 16.80 205 38.49
Potasium 39.91 CaO 55.84
Oxigen 39.33

Table 3 Content of element and oxide catalysts turfish bones at the calcination temperature 100

In addition Table 3 also shows in addition to tbatent of tuna fish bones are calcined at a tenyperaf 1000°C
formed. CaO content is 55.84% indicates that thasenial can serve as a catalyst for the transéstdion reaction
transeterifikasi mainly used oil into biodiesel.graving the ability of these catalysts in the testsrification
reaction is supported also by the presence of MgGhis material. These oxides have a catalyticitgbiirge
enough. By maximizing the function of these twodwes as catalysts is expected to speed up the aeacti
tranesterifikasi to produce biodiesel using heternegus catalyst [12].

CONCLUSION

Based on the research that has been done, it caonbiided as follows:

1.The tuna fish bones that have not been calcineded a high peak ab2= 31.4° and 33.9° which is characteristic
of hydroxyapatite phase. Calcination at a tempesatf 800°C obtained carbonate apatite type A, tricalcium
phosphate and phosphate oktacalsium.

2. The results of hydroxyapatite with high crystady nature formed on calcination temperature @ 9C and 1000

0,

C

3.Visual analysis at 60 showed that the constituent particles of samihlasform hydroxyapatite is not all either
change the structure or a constituent.

4.Samples with calcination temperature of 1000 & h granule size larger particle isuth to 2 um with a
composition that is as much as 33.29304?Na0 as much as 0.53%, 0.68%and CaO as much as 65.31 %.
5.The catalyst composition calcined at a tempeeatfirl000°C shows the elemental composition of Ca decreased
from 47.67% at 606C calcination temperature becomes 39.91%

6.The composition of CaO and MgO tuna fish bonasgesterification potential as a reaction catdtysbiodiesel
production
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