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INTISARI

Pertumbuhan kendaraan bermotor Indonesia yang melampaui 150 juta unit
meningkatkan pencemaran udara perkotaan, utamanya emisi CO dan HC dari
kendaraan niaga lama berkarburator yang kerap melampaui baku mutu uji emisi.
Catalytic converter berbasis logam mulia dinilai terlalu mahal untuk armada
kendaraan tua, sehingga dibutuhkan alternatif berbahan lokal yang ekonomis.
Penelitian ini bertujuan menganalisis kinerja catalytic converter multimaterial
berbasis zeolit clinoptilolite, tembaga, dan kuningan dalam mereduksi emisi CO
dan HC pada Suzuki Carry Pick Up 2005 sebagai solusi alternatif kendaraan niaga
lama.

Penelitian menggunakan metode eksperimen deskriptif kuantitatif dengan
objek Suzuki Carry Pick Up 2005 (kategori N, kendaraan tahun produksi sebelum
2007). Pengukuran emisi menggunakan gas analyzer Heshbon HG-250 di UPT
Penguijian Kendaraan Bermotor Kota Kediri dan analisis XRD di Lab. Material dan
Metalurgi, Fakultas Teknologi Industri dan Rekayasa Sistem, Institut Teknologi
Sepuluh Nopember. Ambang batas mengacu Permen LHK No. 8 Tahun 2023 (CO
< 4% vol; HC < 1.100 ppm). Variabel bebas meliputi putaran mesin (800, 1.500,
dan 3.000 rpm) dan jenis bahan bakar (RON 90, 92, dan 98), disertai karakterisasi
X-Ray Diffraction (XRD) sebelum dan sesudah pengujian.

Emisi baseline tercatat CO 8,83% vol dan HC 2.268 ppm, melebihi regulasi.
Setelah pemasangan, rata-rata emisi CO turun 42,26% dan HC 54,93% (RON 90),
dengan reduksi tertinggi pada 1.500 rpm (CO 50,61%; HC 60,87%). Reduksi CO
meningkat seiring kenaikan oktan (47,45%-49,41%), sementara reduksi HC
tertinggi pada RON 90 akibat kompatibilitas molekul HC dengan pori zeolit
clinoptilolite. XRD mengonfirmasi stabilitas kristal zeolit pascapengujian yang
membuktikan bahwa catalytic converter multimaterial lebih efektif dari tembaga
tunggal dan mampu memenuhi baku mutu emisi yang berlaku. Disarankan
penelitian lanjutan untuk mengkaji durabilitas jangka panjang zeolit dan
mengoptimalkan variasi dimensi dan konfigurasi susunan material katalis.

Kata Kunci : Gatalytic Converter Multimaterial; Emisi Gas Buang; Zeolit
Clinoptilolite; Tembaga dan Kuningan; Reduksi CO dan HC; Kendaraan Niaga

Lama; Baku Mutu Emisi.
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ABSTRACT

The growth of Indonesian motorized vehicles exceeding 150 million units has
intensified urban air pollution, particularly CO and HC emissions from aging
carburetor-type commercial vehicles that frequently exceed emission test
standards. Conventional precious-metal catalytic converters are cost-prohibitive for
aging fleets, necessitating an economical locally sourced alternative. This study
analyzes the performance of a multimaterial catalytic converter based on
clinoptilolite zeolite, copper, and brass in reducing CO and HC emissions from a
2005 Suzuki Carry Pick Up as an alternative solution for aging commercial vehicles.

The study employed a quantitative descriptive experimental method using a
2005 Suzuki Carry Pick Up (Category N, pre-2007 production) as the research
object. Emission measurements were conducted using a Heshbon HG-250 gas
analyzer at the Motor Vehicle Testing Unit (UPT PKB) of Kediri City, and XRD
analysis was performed at the Materials and Metallurgy Laboratory, Faculty of
Industrial Technology and Systems Engineering, Institut Teknologi Sepuluh
Nopember. Emission thresholds followed Permen LHK No. 8 of 2023 (CO < 4%
vol; HC < 1,100 ppm). Independent variables included engine speed (800, 1,500,
and 3,000 rpm) and fuel type (RON 90, 92, and 98), accompanied by X-Ray
Diffraction (XRD) characterization before and after testing.

Baseline emissions recorded CO at 8.83% vol and HC at 2,268 ppm, both
exceeding regulatory limits. Following installation, average CO reduction reached
42.26% and HC 54.93% using RON 90, with the highest reduction at 1,500 rpm
(CO 50.61%; HC 60.87%). CO reduction increased with higher octane values
(47.45%—49.41%), while HC reduction peaked at RON 90 due to molecular size
compatibility between HC compounds. XRD confirmed zeolite crystallographic
stability post-testing, demonstrating that the multimaterial catalytic converter is
more effective than a single-material copper converter. Future studies should
investigate the long-term durability of the zeolite and optimize the dimensional
variations and arrangement configuration of the catalyst material.

Keywords : Multimaterial Catalytic Converter; Exhaust Gas Emissions;
Clinoptilolite Zeolite; Copper and Brass; CO and HC Reduction; Old Commercial

Vehicles; Emission Standards
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