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ABSTRACT

Nowadays, the productions of biodiesel from renewable sources such as palm oil
have been extensively studied due to the depletion of fossil fuel. The difficulties
during the separation and purification of the homogeneous catalyst used in the
production of biodiesel product led to the development of a heterogeneous catalyst.
In this study, heterogeneous Cu-based catalyst was successfully synthesized using
impregnation associated with sonochemical method. Two types of catalysts support
(Al03 and MgO) were optimized and activated under two different activation
conditions (air and nitrogen). Four parameters were optimized which are i)
sonication time, ii) activation procedure (time and gas), iii) catalyst support (Al,O3
and MgO) and iv) metal loading (5 to 20 wt. %). Throughout the characterization
data, it was confirmed that the optimized activation condition was at 90 minutes
sonication time either 3 hours under nitrogen activation condition or 4 hours under
air activation condition. From the XRD analysis, it was revealed the formation of
CuO phase under air condition (20CuAA(4h)) produced smaller average crystal size
of 23.6 nm compared to Cu phase produced under nitrogen condition
(20CuAN(3h)), 30.1 nm. Moreover, effect of catalyst support has confirmed the
MgO catalyst (10CuMA) produced highly dispersed of CuO phase with an average
crystal size smaller than Al,Oz catalyst (10CuAA), 8.5 and 24.7 nm respectively.
FESEM and TEM analysis also confirmed the MgO catalyst (10CuMA) produces small
CuO nanocatalyst with lamella-like structure. The selected catalyst (5 to 20 wt. %
of CuO/MgO catalyst) was performed under the transesterification reaction with a
fixed parameter: 1 % w/w catalyst, temperature (65 °C), molar ratio of methanol
to oil (10:1) and 6 hours reaction time. Throughout the study, 10 wt. % of
CuO/MgO catalyst (10CuMA) showed a high catalytic activity with high conversion
and high selectivity of palmitic acid, 97.2 % and 51.5 % respectively. From the XRD
analysis, it was observed an average crystal size of CuO for 10CuMA catalyst was
8.5 nm. While from the BET analysis, it showed the 10CuMA catalysts is a
mesoporous nanocatalyst (133.9 cm3 g') with an average pore diameter is less
than 5 nm. FESEM and TEM analysis observed the 10CuMA catalyst consist of
nanoparticles with lamella-like structure. From the thermal analysis, it was
determined the 10CuMA catalyst consists of three stages of thermal decomposition
with 29.4 % of weight loss and 70.6 % of ash residue. Overall the biodiesel
produced by the 10CuMA catalyst meet the requirement of EN14214 standards with
the acid value of less than 0.5 mg KOH g and low iodine value.



ABSTRAK

Optimisasi Sintesis Pemangkin Nano Berasaskan Cu untuk Meningkatkan
Pengeluaran Biodisel

Pada masa kini, kajian proses penghasilan biodisel dari sumber boleh diperbaharui
contohnya minyak sawit amat rancak dilakukan memandangkan bahan api fossil
semakin berkurangan. Kesukaran semasa pemisahan dan pembersihan pemangkin
homogen yang digunakan dalam penghasilan biodisel telah membawa kepada
perkembangan pemangkin heterogen. Dalam kajian ini, pemangkin heterogen
berasaskan kuprum (Cu) telah berjaya disintesiskan melalui kaedah impregnasi
dengan bantuan sonokimia. Dua jenis sokongan pemangkin (Al:03; dan MgO) telah
dioptimumkan dan diaktifkan melalui dua jenis keadaan pengaktifan (udara dan
nitogen). Empat parameter telah dioptimumkan seperti [) masa sonikasi, i)
prosedur pengakifan (masa dan gas), iij) sokongan pemangkin dan iv) muatan
logam (5 ke 20 wt. %). Melalui data pencirian, ia dapat disahkan bahawa optimum
pengaktifan adalah 90 minit sama ada 3 jam pengaktifkan dengan keadaan
bernitogen atau 4 jam dengan keadaan berudara. Darjpada analisis XRD, ia telah
mendedahkan pembentukan fasa CuO di bawah keadaan berudara menghasilkan
purata saiz hablur yang kecil 23.6 nm berbanding purata saiz hablur fasa Cu di
bawah keadaan bernitogen, 30.1 nm. Selain itu, kesan sokongan pemangkin
mengesahkan bahawa pemangkin MgO (10CuMA) menghasilkan peningkatan
taburan hablur fasa CuO dengan purata saiz hablur yang kecil berbanding dengan
pemangkin Al:Os, masing-masing 8.5 dan 24.7 nm. Analisis FESEM dan TEM juga
mengesahkan pemangkin MgO (10CuMA) menghasilkan hablur CuO nano-
pemangkin yang kecil dengan struktur seakan kepingan. Pemangkin terpilih (5 ke
20 wt. % pemangkin CuO/MgQ) telah menjalankan tindakbalas transesterifikasi
dengan parameter malar: muatan mangkin pada 1 % w/w, suhu tindakbalas (65
°C), nisbah molar metanol kepada minyak (10:1) dan tempoh tindakbalas (6 jam).
Sepanjang kajian, 10 wt. % pemangkin CuO/MgO (10CuMA) menunjukan
tindakbalas pemangkin tertinggi dengan penukaran yang tinggi dan pemilihan asid
palmitik yang tinggi, masing-masing 97.2 % dan 51.5 %. Daripada analisis XRD, ia
dapat diperhatikan purata saiz hablur untuk pemangkin 10CuMA ialah 8.5 nm.
Manakala daripada analisis BET, ia menunjukan pemangkin 10CuMA merupakan
pemangkin nano mesoporous (133.9 cmPg!) dengan purata diameter liang kurang
daripada 5 nm. Analisis FESEM dan TEM, menunjukan pemangkin 10CuMA terdiri
daripada nanopartikel dengan struktur seakan kepingan. Daripada analisis terma, ia
menentukan pemangkin 10CuMA terdiri daripada tiga peringkat penguraian terma
dengan 29.4 % kehilangan berat dan 70.6 % sisa abu. Keseluruhan, biodisel yang

dihasilkan daripada pemangkin 10CuMA memenuhi keperluan standard EN 14214
dengan nilai asid kurang daripada 0.5 mg KOH g*.
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Figure 4.38: Iodine value of the biodiesel sample for (a) CuO/MgO 123
activated under air condition and (b) CuO/MgO activated
under nitrogen condition
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