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ABSTRACT

In this paper, the synthesis of ceramic spinel M@aby starch assisted sol - gel process is
presented. The gel mixture was prepared by usingdNEg..6H,O, AI(NOs);.9H,O as
precursors and starch as a gel agent. The studgddcon relevant components of gel mixture
and the calcinating temperature. The results shdhagdsuitable molar proportion of KfgAI®";
starch/(Mg* + AI*") and HO/starch were 0.5, 0.4 and 60, respectively. THeirzion at
1100°C for 60 minutes was suitable for forming phassmhel. The product was a single phase
of spinel MgALO, with excellent crystallinity and uniform size inet range of 300 to 400 nm.

Keywords spinel MgALO,, ceramic material, metal-starch precursor.

1. INTRODUCTION

Spinel MgALQ, is stable compound consisted of MgO angQAlconstituents and has the
face-centred cubic (FCC) lattice formed by oxygemsi While Mg* cations occupy at centre of
tetrahedron holes and *Atations occupy at the centre of octahedron holgiseBMgAl,O, has
many wonderful chemical and physical propertieshsas mechanical endurance, chemical
stability, thermal and electrical durability. Inetipast, spinel MgAD, was an important ceramic
material used for lining unburnable material, abssate for thermal durable pigments in
ceramic industry [1, 2].

Nowadays, spinel has many applications in manufexguof filter-super ceramic
membrane, electrical insulator and optical mate&al, many studies have reported chemical
and physical properties and applications of M@Almaterial paying special attention on its
synthesis methods. There are some different waggrtthesize this material such as traditional
ceramic method, coprecipitation, sol-gel and Pecmethod [2, 3, 4, 5, 6, 9]. Among them,
starch assisted sol-gel method exhibits such iraporadvantage that | Mg”* cations are
dispersed highly thanks to the formation of comfdetween these cations and -OH group from
starch, and as a result, the spinel phase formaiilbteke place at low temperature. This paper
presents the synthesis of spinel Mgy by starch assisted sol-gel process.
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2. EXPERIMENTS

The chemicals used in this work were Mg®®BH,O, Al(NOs):.9H,O and dissolved
starch (QuangZu, China). The molar ratio oftgl% in the synthesized mixture was fixed at
0.5. Two other ratios of starch/(Kfg+ AI**) and HO/starch would be changed in the survey.
The heating process included two stages: thediegt was at 60 — AT for 1 hour with the aim
of hydrolyzing starch, and the second one was at 80°C for 3 - 4 hours and stirred in order to
evaporate water slowly until the mixture becameatis and gel of metal-starch precursor was
formed. The gel was dried at 2astill stable mass. For the purpose of completelying starch,
the gel after drying was preheated. After that, dbtained mixture was grinded and pressed into
cylinder shape with the diameter of 30 mm and ktekhess of 5 mm by hydraulic press with the
compression of 300 kG.ctm(Danir, Denmark). Then, the sample was sintereduimace
(Lennton, England) at suitable temperature.

The synthesis of pigment was processed as sho@ohema 1.
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Schema 1The diagram of the synthesis of pigment by staisdisted sol-gel process.

The obtained material was characterized by theramalysis (TG-DSC) using Labsys
TG/DSC Setaram (France) in ambient atmosphere thigthmaximum temperature of 860G,
heating rate of 16C.min™.

Crystal phase of the sample was determined by Xdiffsaction (XRD) using Brucker D8
Advance withAcyq = 1,5406 A.

The crystallite size, D of spinel was calculatedSaperrer’'s equation [6]:
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_ 0,N
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wherel is the X wavelength (A is the diffraction angle (rad) of the (311) peakvhighest
intensity and FWHM is the abbreviation of full widat half maximum of diffraction peak.

IR spectrum of the sample was analyzed on IRPee&tig(Shimadzu, Japan). Morphology
of obtained sample was observed by scanning eteatioroscope (SEM) using Hitachi S4800
(Japan).

3. RESULTS AND DISCUSSION

As the ratio of HO/starch was too high the gel would be dilute tasgla long time for
evaporation of water, reverse the gel would bevtscous to stir.

Four samples with the molar ratio of MEAI®* = 0.5; starch/(Mg + AI*") = 0.4 and
H,O/starch increased from 50 to 80 corresponding whith notations from Al to A4 were
prepared as shown in Table 1.

Table 1.The initial composition of samples with differenblar ratio of HO/starch.

_ . Percentage composition (w/w)
Notation| Starch/M™ | H,O/starc
Mg(N03)26H20 AI(NO3)39H20 Starch HO
Al 0.4 50 11.2 329 8.5 11.2
A2 0.4 60 10.3 30.0 7.8 10.3
A3 0.4 70 9.5 27.7 7.2 9.5
A4 0.4 80 8.8 25.6 6.6 8.8

(M™ = Mg™ + AI®Y.

The results showed that as the molar ratio gd/starch was 50, the obtained gel was too
viscous to stir, whereas it was rather dilute i$ ttatio increased to 70 and 80, so, it took a long
time to evaporate water. Therefore, the molar ratibl,O/starch = 60 was to select for further
surveys.

Table 2.The initial composition of samples with differenlar ratio of starch/(Mg+ AI*").

_ Percentage composition (w/w)
Notation| Starch/M™ | H,O/starch
Mg(N03)26H20 AI(NO3)39H20 Starch HO
Bl 0.3 60 12.1 35.3 6.9 45.8
B2 0.4 60 10.3 30.0 7.8 51.9
B3 0.5 60 8.9 26.1 8.5 56.5
B4 0.6 60 7.9 23.1 9.0 60.0
B5 0.7 60 7.1 20.8 9.4 62.7
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The molar ratio of starch/(M§+ AI**) could effect on the formation of precursor. So, i
order to determine the most suitable value, fivaplas possessed the molar ratio o’ Vi ** =
0.5, HO/starch = 60 and starch/(ffgr AlI**) increased from 0.3 to 0.7 corresponding with the
notations from B1 to B5 were prepared. The initi@aimpositions of the samples are shown in
Table 2.

The images of samples after preheating at ®DGhown in Figure 2 indicate that the
samples of B3, B4 and B5 were gray. The reasoerdause starch was burned uncompletely, so
there was a large amount of starch existed in psecuOn the contrary, samples of B1 and B2
after being sintered at 110 were light white. However, we chose the molaioraif
starch/M™ = 0.4 corresponding with B2 sample because thefrgai this sample was more
viscous than B1 sample.

Figure 2.Samples images after preheating at 8D@or 1 hour.
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Figure 3.TG-DSC diagram of metals-starch gel precursor.

DSC-TG diagram of B2 sample is presented in Fiurds can see, there was a strong
endothermic peak in the range from room temperatufg0°C with the weight loss of 23.2 %.
This corresponded with the physical-water evaponatnd the water seperation from -OH
groups on the surface of material [7, 9]. Nextreheere endothermic peaks at 23&nd 333C
and exothermic peak at 380 with the total weight loss of 32 %. This mightdréginated from
the decomposition of nitrate salts, the burningrefcursor and abundant starch, respectively. In
the temperature range from 480 to 800°C, we could see an exothermic peak at 761
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corresponding with spinel formation from MgO and@y creating from the decomposition of

precursor. The weight loss in this period was mgigle, about 2.4 % and we predict that nitrate
salt continued to decompose, precursor and abursdartth continued to combust completely.
From above-mentioned, we chose the preheating pmelsforming temperatures to be of

500°C and 800C.

With the aim of determination of suitable sinterirgnperature, we calcinated the sample
at various temperatures 900, 1000 and PD0fbr 1.5 hours with the heating rate of@min™.
The notations of samples were PTB900, PTB1000 arBlLP00. XRD patterns are shown in
Figure 4. The characteristic peaks of spinel @t219.03 (di11); 31.32 (dyy); 36.87 (dh1a);
44.83 (dsoo); 59.43 (di1s); 65.29 (dssg) Were observed with high intensity at 800while
characteristic peaks of MgO and.@% were not appeared, indicating that the formatibspinel
took place completely. The values of FWHM, | andDsamples are shown in Table 3. As the
calcinated temperature increases from 900 to 2COBe intensity of diffraction peaks of spinel
increases significantly, the value of FWHM reducapidly from 0.652to 0.175 and the value
of D increased promptly from 13 to 47 nm.
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Figure 4. XRD diagram of spinel MgAD,.

Table 3.The value of FWHM, diffraction intensity (I) andystallite size (D) of spinel samples.

Notations FWHM () I (cps)| D (nm)
PTB900 0.652 268 13
PTB1000 0.311 493 27
PTB1100 0.175 743 47

When increasing the temperature from 900 to 1AD0the crystalization of spinel took
place strongly, Mg and AP cations diffused contrariwise through spinel lagecording to
Wagner mechanism [1]. At 110Q, the single phase of spinel Mg@}, was obtained with high
crystalinity.
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Figure 5.The structure of metals-starch gel precursor [9].
According to traditional ceramic method in studykiing and coworkers [5], the initial
mixture contained MgO and &D; weresintered at the temperature from 900 to 13D@or 120

minutes, the obtained material was multi-phaseutioly spinel and corundum. Only with the
sinterned temperature higher than 1@®Qahe sample exhibited single phase of spinel.
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Figure 6.FTIR spectrum and SEM image of spinel Mg@J.

As can see, by starch assisted sol-gel method gbése reaction between MgO and@|
took place favourably, the formation of spinel phascured at low temperature. Hence, the
sintering temperature could be lower in comparigdtn that by traditional ceramic method.
This could be explained by the fact that dissolstde (amilose) of starch had kinky polymer
chain structure with 3 —OH group for each link @imely played three main roles: (i) ligand of the
complex formation bewteen OH group and metal catidii) structure directing agent and (iii)
formed gel when heating because it could dissalvevater completely. This helped metal
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cations disperse highly and the surface area bewkitgO and AJO; was increased resulting
solid phase reaction took place favourably (Figyrgt, 6, 7, 9].

IR spectrum of spinel MgAD, is demonstrated in Figure 6. The band around wave
numbers of 3441 and 1627 ¢neorresponds to stretching and bending variatidnsvater
molecule adsorped on the surface of sample. Begtiedands around wave number of 686 and
523 cm' corresponding with symmetrical valence variatioside octahedrons [AKD and
lattice variation of Mg-O bond extension. This medll with the study of Nassar and coworkers
[6]. SEM image of MgAIO, is shown in Figure 6. That particles were agglatest and formed
large particle with the size in the range of 3GO nm. This size is larger used in comparision
with crystallite size calculated from Scherrer’'siation (about 47 nm) suggesting that particles
on SEM image may consists of many crystallite pkesi.

4. CONCLUSION

Spinel MgALO, material was synthesized successfully by starsistes sol-gel method.
Main advantage of this way was the sintering teimpee was much lower than that used in
traditional ceramic method. The suitable conditiorere the molar ratio of M§AI®*" = 0.5;
starch/(Mg*+AI*") = 0.4; HO/starch = 60; hydrolyzing temperature was 60 °@0gelation
temperature was 80 — 9C. The gel was preheated at 5WD for 1.0 hour and sintered at
1100°C for 1.0 hour. The obtained product was charaedrby modern method such as XRD,
TG-DSC, FTIR and SEM. The results showed that $pitgAl O, material consists of particles
in nanoscale. The obtained spinel is of single ghath high crystallinity.
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TOM TAT
NGHIEN CUU TONG HQP VAT LIEU GOM SPINEL MgAl,O; BANG PHJONG PHAP
SOL-GEL CO & HO TRGQ CUA TINH BOT
Tran Ngoc Tuyen’, Nguyén Buc Vii Quyén, Tan Minh Ngoc, Bang Xuan Tin,
Ho Van Minh Hai
Khoa Héa, Trrong Pai hoc Khoa loc Hwé, 77 Nguyn Hué, Hué

"Email: trntuyen@gmail.com

Bai bao trinh bay & qua tng hop vat lidu gdm spinel MgALO, bing phrong phép sol-gel
c6 sr hd trg cia tinh Bt. Hon hop geldugc chuin bi tr Mg(NOs),.6H,0, AI(NO3)3.9H,0 va
tinh bot tan. Caatiéu kién tong hyp bao gm: ty 1¢ mol H,O/tinh kot; ty 1& mol tinh bt/(Mg** +
Al*") va nhét d6 nungda duoc khio sat. Kt qua cho thly véi thanh plan phbi liéu cé cacy 1é
mol Mg?*/AI®" = 0,5; tinh Bt/(Mg®* + AI*") = 0,4; HO/tinh bt = 60 va nhit d6 nung thiéu &t
1100°C trong 60 phut, @ phim thu duoc hoan toanion pha tinh th spinel MgALO,, kich
thudc hat co 300 - 400 nm.

Tir khoa spinel MgALO,, vat lidu gdm, tién chit kim loai - tinh bot.
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