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Abstract

In this study, aluminum chloride hexahydrate (AlCl3.6 H2O) was derived from aluminum foil waste as a heterogeneous acid

catalyst in the esterification of waste cooking oil. The parameters of catalyst loading (2-8 wt%), ultrasonic frequency (12-40

kHz), and reaction time (15-60 min) were optimized for maximum biodiesel yield production. Under constant condition of

methanol to oil molar ratio of 6:1 and temperature of 50 degrees C, a biodiesel yield of 91% was obtained at 2 wt% catalyst

loading, 26 kHz ultrasonic frequency, and 40 min reaction time.

Keywords

Author Keywords: Aluminum foil waste; esterification; waste cooking oil; solid catalyst; ultrasonic

KeyWords Plus: HETEROGENEOUS CATALYST; BIODIESEL PRODUCTION; TRANSESTERIFICATION

Author Information

Reprint Address: Sulaiman, S (reprint author)

Int Islamic Univ Malaysia, Dept Biotechnol Engn, Fac Engn, POB 10, Kuala Lumpur 50728, Malaysia.

Addresses:

[ 1 ] Int Islamic Univ Malaysia, Dept Biotechnol Engn, Fac Engn, POB 10, Kuala Lumpur 50728, Malaysia

E-mail Addresses: sarina@iium.edu.my

Publisher

TAYLOR & FRANCIS INC, 530 WALNUT STREET, STE 850, PHILADELPHIA, PA 19106 USA

Journal Information

Impact Factor: Journal Citation Reports

Categories / Classification

Research Areas: Energy & Fuels; Engineering; Environmental Sciences & Ecology

Web of Science Categories: Energy & Fuels; Engineering, Chemical; Environmental Sciences

See more data fields

Citation Network

In Web of Science Core Collection

0
Times Cited

Create Citation Alert

15
Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

1 1

Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

- Science Citation Index Expanded

Suggest a correction

If you would like to improve the quality of

the data in this record, please suggest a

correction.

  1  of  1 

Cited References: 15

Showing 15 of 15 View All in Cited References page

K+ trapped kaolinite (Kaol/K+) as low cost and eco-friendly basic heterogeneous catalyst in the transesterification of commercial

waste cooking oil into biodiesel

By: Abukhadra, Mostafa R.; Sayed, Mohamed Adel

ENERGY CONVERSION AND MANAGEMENT  Volume: 177   Pages: 468-476   Published: DEC 1 2018

Times Cited: 14 

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Sign In  Help  English 

Tools  Searches and alerts  Search History Marked List

Look Up Full Text Add to Marked ListFull Text from Publisher Find PDF Export...A

 1  of  1 

Learn more

1.

Search Search Results

http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=F58VTuihoLkLZxChNg2
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F58VTuihoLkLZxChNg2&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=4205998
javascript:sup_focus('addressWOS:000485038000001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F58VTuihoLkLZxChNg2&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=31688579
javascript:sup_focus('addressWOS:000485038000001-1')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=Aluminum+foil+waste&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=esterification&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=waste+cooking+oil&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=solid+catalyst&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=ultrasonic&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=HETEROGENEOUS+CATALYST&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=BIODIESEL+PRODUCTION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F58VTuihoLkLZxChNg2&field=TS&value=TRANSESTERIFICATION&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
mailto:sarina@iium.edu.my
javascript:;
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=Wos1pAlertingPCTAdd&product=WOS&SID=F58VTuihoLkLZxChNg2&component=pct&forwardTo=None&qid=11&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d11%26log_event%3dyes%26product%3dWOS%26SID%3dF58VTuihoLkLZxChNg2%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000485038000001&search_mode=CitedRefList&SID=F58VTuihoLkLZxChNg2&parentProduct=WOS&parentQid=11&parentDoc=1&recid=WOS:000485038000001&PREC_REFCOUNT=15&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d11%26log_event%3dyes%26product%3dWOS%26SID%3dF58VTuihoLkLZxChNg2%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000485038000001&parentProduct=WOS&parentQid=11&search_mode=RelatedRecords&SID=F58VTuihoLkLZxChNg2&parentDoc=1
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=11&parentDoc=1&qid=12&SID=F58VTuihoLkLZxChNg2&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000451356300038
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=1&REFID=573434001&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=F58VTuihoLkLZxChNg2&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:void('Links');
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=F58VTuihoLkLZxChNg2&page=


12/10/2019 Web of Science [v.5.34] - Web of Science Core Collection Full Record

apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=F58VTuihoLkLZxChNg2&… 2/3

Spongy Ni/Fe carbonate-fluorapatite catalyst for efficient conversion of cooking oil waste into biodiesel

By: Abukhadra, Mostafa R.; Dardir, Fatma M.; Shaban, Mohamed; et al.

ENVIRONMENTAL CHEMISTRY LETTERS  Volume: 16   Issue: 2   Pages: 665-670   Published: JUN 2018

Times Cited: 9 

Sodium aluminate from waste aluminium source as catalyst for the transesterification of Jatropha oil

By: Cherikkallinmel, Sudha Kochiyil; Gopalakrishnan, Anila; Yaakob, Zahira; et al.

RSC ADVANCES  Volume: 5   Issue: 57   Pages: 46290-46294   Published: 2015

Times Cited: 9 

Transesterification of palm cooking oil using barium-containing titanates and their sodium doped derivatives

By: Chew, K. Y.; Tan, W. L.; Abu Bakar, N. H. H.; et al.

INTERNATIONAL JOURNAL OF ENERGY AND ENVIRONMENTAL ENGINEERING  Volume: 8   Issue: 1   Pages: 47-53   Published: MAR 2017

Times Cited: 3 

Influence of operating variables on the transesterification of waste cooking oil to biodiesel over sodium silicate catalyst: A

statistical approach

By: Dararnola, M. O.; Mtshali, K.; Senokoane, L.; et al.

JOURNAL OF TAIBAH UNIVERSITY FOR SCIENCE  Volume: 10   Issue: 5   Pages: 675-684   Published: SEP 2016

Times Cited: 6 

Esterification and Deacidification of a Waste Cooking Oil (TAN 68.81 mg KOH/g) for Biodiesel Production

By: Ding, Jincheng; Xia, Zheng; Lu, Jie

ENERGIES  Volume: 5   Issue: 8   Pages: 2683-2691   Published: AUG 2012

Times Cited: 22 

Iodine Nutrition in Weaning Infants in the United States

By: Fallah, Roja; Du, Lin; Braverman, Lewis E.; et al.

THYROID  Volume: 29   Issue: 4   Pages: 573-576   Published: APR 1 2019

Early Access: MAR 2019

Times Cited: 1 

Ultrasound-assisted transesterification of refined and crude palm oils using heterogeneous palm oil mill fly ash supported

calcium oxide catalyst

By: Ho, Wilson Wei Sheng; Ng, Hoon Kiat; Gan, Suyin; et al.

ENERGY SCIENCE & ENGINEERING  Volume: 3   Issue: 3   Pages: 257-269   Published: MAY 2015

Times Cited: 12 

Optimized Conversion of Waste Cooking Oil to Biodiesel Using Calcium Methoxide as Catalyst under Homogenizer System

Conditions

By: Hsiao, Ming-Chien; Hou, Shuhn-Shyurng; Kuo, Jui-Yang; et al.

ENERGIES  Volume: 11   Issue: 10     Article Number: 2622   Published: OCT 2018

Times Cited: 3 

Physical Mechanism of Ultrasound-Assisted Synthesis of Biodiesel

By: Kalva, Abhishek; Sivasankar, Thirugnanasambandam; Moholkar, Vijayanand S.

INDUSTRIAL & ENGINEERING CHEMISTRY RESEARCH  Volume: 48   Issue: 1   Pages: 534-544   Published: JAN 7 2009

Times Cited: 96 

Heterogeneous catalysis for sustainable biodiesel production via esterification and transesterification

By: Lee, Adam F.; Bennett, James A.; Manayil, Jinesh C.; et al.

CHEMICAL SOCIETY REVIEWS  Volume: 43   Issue: 22   Pages: 7887-7916   Published: NOV 21 2014

Times Cited: 288 

INFRARED-SPECTRA OF ALUMINUM SALT-SOLUTIONS

By: MCINTYRE, JF; FOLEY, RT; BROWN, BF

APPLIED SPECTROSCOPY  Volume: 36   Issue: 2   Pages: 128-136   Published: 1982

Times Cited: 16 

A Facile Green Synthetic Route for the Preparation of Highly Active gamma-Al2O3 from Aluminum Foil Waste

By: Osman, Ahmed I.; Abu-Dahrieh, Jehad K.; McLaren, Mathew; et al.

SCIENTIFIC REPORTS  Volume: 7     Article Number: 3593   Published: JUN 15 2017

Times Cited: 13 

Recent developments for biodiesel production by ultrasonic assist transesterification using different heterogeneous catalyst: A

review

By: Ramachandran, K.; Suganya, T.; Gandhi, N. Nagendra; et al.

RENEWABLE & SUSTAINABLE ENERGY REVIEWS  Volume: 22   Pages: 410-418   Published: JUN 2013

Times Cited: 84 

Identification, FT-IR, NMR (H-1 and C-13) and GC/MS studies of fatty acid methyl esters in biodiesel from rocket seed oil

By: Tariq, Muhammad; Ali, Saqib; Ahmad, Fiaz; et al.

FUEL PROCESSING TECHNOLOGY  Volume: 92   Issue: 3   Pages: 336-341   Published: MAR 2011

Times Cited: 158 

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000432519600028
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=2&REFID=560946081&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000355425700085
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=3&REFID=489336156&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000396033600005
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=4&REFID=527936485&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000384537700004
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=5&REFID=518015070&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000308241500004
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=6&REFID=437625910&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000462056200001
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=7&REFID=592088285&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000374439500008
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=8&REFID=486930185&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000449293500130
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=9&REFID=572686751&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000262153900059
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=10&REFID=263325046&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000343993100020
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=11&REFID=477030039&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:A1982NG94800010
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=12&REFID=40047737&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000403314500041
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=13&REFID=532984832&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000319952100034
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=14&REFID=453383263&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitedFullRecord&isickref=WOS:000287428900007
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F58VTuihoLkLZxChNg2&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=15&REFID=351393859&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct

