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ABSTRACT

One of the known groups of mesoporous materials is MCM-41 that has been applied
as catalyst for various chemical reactions [1-2]. In this work, using water as solvent,
cetylytrimethylammonium bromide (CTAB) as template, sodium silicate and
tetraethylortosilicate (TEOS) as silica source, mesoporous MCM-41 were synthesized
by direct hydrothermal synthesis method and sonochemical synthesis method.
Furthermore, the effects of silica source and synthesis method on the distribution of
products were studied. Both methods were successful yielding catalysts. Prepared
mesoporous molecular sieves were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and Braunauer-Emmett-Teller (BET) surface area. The
synthesized MCM-41 materials were used as catalyst in the pyrolysis of scrap mobile
phone of printed circuits boards and the efficiency of their discussed.

In experiments when used sodium silicate as silica source, the synthesized MCM-41
by hydrothermal method was called as M-1, the synthesized MCM-41 by sonochemical
method was called as M-2. Similarly, when used TEOS as silica source, the
synthesized MCM-41 by hydrothermal method was called as M-3, the synthesized
MCM-41 by sonochemical method was called as M-4.

The XRD pattern of M-1, M-2, M-3 and M-4 is shown in Figure 1. XRD spectrum of
MCM-41 sample showed a sharp peak (100) and three reflection peaks corresponding
to (110), (200) and (210), which meant that the sample had an ordered pore
structure [3-6]. Both of the synthesized MCM-41, showed a sharp XRD peak around
20=2° and few weak peaks in 26= 3-5°, which indicated well-hexagonal structure of
MCM-41.

Figure 2 shows the SEM image of the synthesized M-1, M-2, M-3 and M-4. SEM
results show each spherical aggregate is composed of several of individual small
nanoparticles with uniform diameters of about 60 nm. The silica sources influence the
shape of the produced MCM-41. Fig. 2 (a-b) demonstrates that the particles are
extensively agglomerated. Also it reveals the spherical morphology of the particles.
The sponge-like appearance of the MCM-41 particles is seen in Fig. 2 (c-d). BET
surface area values and pore volume date are listed in Table 1. It is clearly seen from
Table 1 that using the sonochemical for synthesis of MCM-41 a greater increase of
surface area and pore volume is resulted.
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OZET

Mezog6zenekli malzemelerden MCM-41 cesitli kimyasal reaksiyonlarda katalizér
olarak kullaniimaktadir [1-2]. Bu calismada ylizey aktif madde olarak setiltrimetil
amonyum bromir (CTAB), silika kaynadr olarak sodyum silikat ya da
tetraetilortosilikat (TEOS), ¢6zlcl olarak su kullanilarak hidrotermal ve sonokimyasal
yontemle MCM-41 sentezlenmistir. Ayrica, Urlnlerin dagihmina silika kaynadi ve
sentez yonteminin etkisi arastirilmistir. Her iki yéntem de, istenilen katalizérler elde
edilmistir. Elde edilen mezogdzenekli yapilarin karakterizasyonu X-Isini kirinim deseni
(XRD) , taramali elektron mikroskobu (SEM) ve Brunauer Emmett Teller (BET) ylzey
alani analizleri ile gercgeklestirilmistir. Sentezlenen MCM-41 materyali atik cep
telefonlarinin baskili devre kartlarinin pirolizinde katalizér olarak kullaniimistir ve

katalizor verimliligi incelenmistir.

Deneylerde silika kaynadi olarak sodyum silikat kullanilarak hidrotermal yontemle
sentezlenen MCM-41 6rnedi M-1, sonokimyasal yontemle sentezlenen MCM-41 6rnegi
M-2 olarak adlandirnimistir. Benzer sekilde; silika kaynadi olarak TEOS kullanilarak
hidrotermal ydntemle sentezlenen MCM-41 6rnedi M-3, sonokimyasal yontemle

sentezlenen MCM-41 6rnegi M-4 olarak adlandirilmistir.

M-1, M-2, M-3 ve M-4 drnekleri igin XRD sonuglari Sekil 1’de verilmistir. MCM-41
icin XRD spektrumunda goézlenen keskin bir pik (100) ve g farkh pik (100), (200),
(210) o6rnegdin sirali bir gézenekli yapiya sahip oldugunu gosterir [3-6]. Sentezlenen
MCM-41 6rnekleri igin 26=2° agisinda keskin bir pik, 26= 3-5° acI araliginda ise birkag

zayIf pik gbzlenmesi 6rnedin hekzagonal yapida oldugunu géstermektedir.

M-1, M-2, M-3 ve M-4 0drneklerinin SEM goéruntileri Sekil 2'de verilmistir. SEM
sonuclari her bir kiiresel kiimenin yaklasik 60 nm ¢aph nanopargaciklardan olustugunu
gostermektedir. Silika kaynadi, elde edilen MCM-41 yapisini etkilemektedir. Sekil 2 (a-
b) partiktllerin genis 6lcide kiimelenmis kiresel sekilde bulundugunu gdstermektedir.
Sekil 2 (c-d) ise stungerimsi yapidaki MCM-41 partikllleri gérilmektedir. BET ylzey
alani ve gbzenek hacmi dederleri Tablo 1’de verilmistir. Tablodan da gérildiga gibi,
MCM-41 sentezinde sonokimyasal ydntemin kullaniimasi ylzey alani ve gdzenek

hacminin artmasina neden olmustur.
Anahtar kelimeler

MCM-41, hidrotermal metot, sonokimyasal metot, sentez, karakterizasyon.
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Figure 2. Scanning electron micrographs for (a) M-1, (b) M-2, (c) M-3, (d) M-4.
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TABLES/TABLOLAR

Table 1. BET surface area values and pore volume of M-1, M-2, M-3 and M-4,

Sample BET Pore volume
surface area values (cc/g)
(m?/g)
M-1 959 0.805
M-2 1299 1.078
M-3 345 0.176
M-4 606 0.407
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