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Abstract

Although flame synthesis promises economic benefit and rapid synthesis of carbon nanotube (CNT), the lack of control and
understanding of the effects of flame parameters (e.g., temperature and precursor composition) impose some challenges in
modelling and identifying CNT growth region for obtaining better throughput. The present study presents an investigation
on the types of carbon precursor that affect CNT growth region on nickel catalyst particles in an ethylene inverse diffusion
flame. An established CNT growth rate model that describes physical growth of CNT is utilised to predict CNT length and
growth region using empirical inputs of flame temperature and species composition from the literature. Two variations of
the model are employed to determine the dominant precursor for CNT growth which are the constant adsorption activation
energy (CAAE) model and the varying adsorption activation energy (VAAE) model. The carbon precursors investigated
include ethylene, acetylene, and carbon monoxide as base precursors and all possible combinations of the base precursors.
In the CAAE model, the activation energy for adsorption of carbon precursor species on catalyst surface E-a,E-1 is held
constant whereas in the VAAE model, E-a,E-1 is varied based on the investigated precursor. The sensitivity of the growth rate
model is demonstrated by comparing the shifting of predicted growth regions between the CAAE model and the VAAE model
where the CAAE model serves as a control case. Midpoint-based and threshold-based techniques are employed within each
model to quantify the predicted CNT growth region. Growth region prediction based on the midpoint-VAAE approach
demonstrates the importance of acetylene and carbon monoxide to some extent towards CNT growth. Ultimately, the
threshold-VAAE model shows that the dominant precursor for CNT growth is the mixture of acetylene and carbon monoxide.
A simplified reaction mechanism is proposed to describe the surface chemistry for precursor reactions with nickel catalyst
where decomposition of the ethylene fuel source into acetylene and carbon monoxide is accounted for by chemisorption.

Keywords
Author Keywords: Carbon nanotube (CNT); Modelling; Catalytic growth; Flame synthesis; Carbon precursor
KeyWords Plus: DIESEL-ENGINE; KINETICS; FUEL; DEPOSITION; MORPHOLOGY

Author Information

Corresponding Address: Yasin, MFM (corresponding author)
+ Univ Teknol Malaysia, Fac Engn, Sch Mech Engn, High Speed Reacting Flow Lab, Skudai, Johor, Malaysia.
Addresses:
+ [1]UnivTeknol Malaysia, Fac Engn, Sch Mech Engn, High Speed Reacting Flow Lab, Skudai, Johor, Malaysia
+ [2]Univ Teknol Malaysia, Fac Engn, Sch Mech Engn, Dept Mat Mfg & Ind Engn, Skudai, Johor, Malaysia
+ [3]Univ Malaysia Sarawak, Dept Mech & Mfg Engn, Kota Samarahan, Sarawak, Malaysia
+ [4]IntIslamic Univ Malaysia, Kulliyyah Engn, Dept Mfg & Mat, Kuala Lumpur, Malaysia

E-mail Addresses: mohdfairus@mail.fkm.utm.my

Funding

Funding Agency Grant Number
FRGS/1/2019/TK05/UTM/02/8

Ministry of Education (MOE) through Fundamental Research Grant Scheme
R.J130000.7851.5F182

UTMFR: PY/2019/01657

Universiti Teknologi Malaysia (UTM) through UTM Fundamental Research
Q.J130000.2551.21H10

Citation Network

In Web of Science Core Collection

0

Times Cited

‘ Create Citation Alert

36

Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

2 2

Last 180 Days Since 2013

Learn more

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.


http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=D3dObOEmRhQOrloOoxn
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=D3dObOEmRhQOrloOoxn&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=11914273
javascript:sup_focus('addressWOS:000520057000002-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=D3dObOEmRhQOrloOoxn&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=3871781
javascript:sup_focus('addressWOS:000520057000002-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=D3dObOEmRhQOrloOoxn&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=2943290
javascript:sup_focus('addressWOS:000520057000002-2')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=D3dObOEmRhQOrloOoxn&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=13604309
javascript:sup_focus('addressWOS:000520057000002-3')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=D3dObOEmRhQOrloOoxn&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=1210442
javascript:sup_focus('addressWOS:000520057000002-4')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=Carbon+nanotube+%28CNT%29&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=Modelling&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=Catalytic+growth&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=Flame+synthesis&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=Carbon+precursor&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=DIESEL-ENGINE&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=KINETICS&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=FUEL&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=DEPOSITION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D3dObOEmRhQOrloOoxn&field=TS&value=MORPHOLOGY&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')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_4', 'inline');hide_show('show_research_pref_org_exp_link_4', 'none');hide_show('hide_research_pref_org_exp_link_4', 'inline')
mailto:mohdfairus@mail.fkm.utm.my
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=Wos1pAlertingPCTAdd&product=WOS&SID=D3dObOEmRhQOrloOoxn&component=pct&forwardTo=None&qid=2&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%3d2%26log_event%3dyes%26product%3dWOS%26SID%3dD3dObOEmRhQOrloOoxn%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000520057000002&search_mode=CitedRefList&SID=D3dObOEmRhQOrloOoxn&parentProduct=WOS&parentQid=2&parentDoc=1&recid=WOS:000520057000002&PREC_REFCOUNT=36&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%3d2%26log_event%3dyes%26product%3dWOS%26SID%3dD3dObOEmRhQOrloOoxn%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000520057000002&parentProduct=WOS&parentQid=2&search_mode=RelatedRecords&SID=D3dObOEmRhQOrloOoxn&parentDoc=1
javascript:;
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
https://mjl-clarivate-com.ezproxy.um.edu.my/home
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=D3dObOEmRhQOrloOoxn&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=D3dObOEmRhQOrloOoxn&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
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=D3dObOEmRhQOrloOoxn&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=D3dObOEmRhQOrloOoxn&page=

View funding text

Publisher
SPRINGER JAPAN KK, SHIROYAMA TRUST TOWER 5F, 4-3-1 TORANOMON, MINATO-KU, TOKYO, 105-6005, JAPAN

Journal Information

Impact Factor: Journal Citation Reports

Categories / Classification
Research Areas: Chemistry; Materials Science

Web of Science Categories: Chemistry, Multidisciplinary; Materials Science, Multidisciplinary

See more data fields

of1 b

Cited References: 36

Showing 30 of 36 View Allin Cited References page (from Web of Science Core Collection)

1. Catalyst influence on the flame synthesis of aligned carbon nanotubes and nanofibers Times Cited: 17
By: Arana, CP; Puri, IK; Sen, S
PROCEEDINGS OF THE COMBUSTION INSTITUTE Volume: 30 Pages: 2553-2560 Part:2 Published: 2005

2. Morphology and growth of carbon nanotubes catalytically synthesised by premixed hydrocarbon-rich flames Times Cited: 15
By: Chong, Cheng Tung; Tan, Win Hon; Lee, Siew Ling; et al.
MATERIALS CHEMISTRY AND PHYSICS Volume: 197 Pages: 246-255 Published: AUG 152017

3. Carbon nanotubes-synthesis, characterization Times Cited: 1
By: Gore, JP; Sane, A.
Applications Volume: 8 Pages: 121-146 Published: 2011

4. Carbon nanotubes: synthesis, properties and engineering applications Times Cited: 1
By: Gupta, N; Gupta, SM; Sharma, S.
Carbon Lett Volume: 136 Pages: 1-29 Published: 2019

5. Influence of the fuel structure on the flame synthesis of carbon nanomaterials Times Cited: 24
By: Hall, Brendan; Zhuo, Chuanwei; Levendis, Yiannis A.; et al.
CARBON Volume:49 Issue:11 Pages: 3412-3423 Published: SEP 2011

6. Growth region characterization of carbon nanotubes synthesis in heterogeneous flame environment with wire-based macro-  Times Cited: 2
image analysis
By: Hamzah, N.; Yasin, M. F. Mohd; Yusop, M. Z. Mohd; et al.
DIAMOND AND RELATED MATERIALS Volume: 99  Article Number: UNSP 107500 Published: NOV 2019

7. Title: [not available] Times Cited: 3
By: HAMZAH N
EVERGREEN JOINT JNO Volume: 6 Pages: 85 Published: 2019

8. Rapid production of carbon nanotubes: a review on advancement in growth control and morphology manipulations of flame  Times Cited: 11
synthesis
By: Hamzah, N.; Yasin, M. F. Mohd; Yusop, M. Z. Mohd; et al.
JOURNAL OF MATERIALS CHEMISTRY A Volume: 5 Issue: 48 Pages: 25144-25170 Published: DEC 28 2017

9. Title: [not available] Times Cited: 2
By: HENG EW
CFDLETT Volume: 11 Pages: 72 Published: 2019

10. Flame synthesis of carbon nanostructures using mixed fuel in oxygen-enriched environment Times Cited: 13
By: Hou, Shuhn-Shyurng; Huang, Wei-Cheng; Lin, Ta-Hui
JOURNAL OF NANOPARTICLE RESEARCH Volume: 14 Issue: 11  Article Number: 1243 Published: NOV 2012

11. Kinetic studies of few-layer graphene grown by flame deposition from the perspective of gas composition and temperature Times Cited: 2


javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
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=2&parentDoc=1&qid=3&SID=D3dObOEmRhQOrloOoxn&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000229944300095
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=1&REFID=61237636&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000403996900031
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=2&REFID=533618820&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=3&REFID=602780171&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=4&REFID=602780172&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000292663400003
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=5&REFID=419346385&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000498754700009
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=6&REFID=595883566&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=7&REFID=595883564&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000417953100003
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=8&REFID=552118746&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=9&REFID=595883567&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000310608100022
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=10&REFID=440637287&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitedFullRecord&isickref=WOS:000474306500057
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D3dObOEmRhQOrloOoxn&search_mode=CitingArticles&parentProduct=WOS&parentQid=3&parentDoc=11&REFID=587459209&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct

