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✓ Developed the multi-elements SAW sensors coated with the different gas 

sensing materials in different configurations.

✓ Demonstrated mixture gas sensing response composed of 50% CH4 and 10% 

CO2 in the wireless mode.

✓ Needs to improve the CH4 sensing response by optimizing the coating 

composition of the sensing materials. 

(Source: Environ. Sci. Technol. 2020, 54, 14, 8958–8967)

Natural gas pipelines in the U.S.: 
305,000 miles (~12 times earth’s circumference)

❑ Surface Acoustic Wave (SAW) Sensor:  

(Devkota et al. Sensors 2017, 17, 801)

radio frequency signal <---> SAW
piezoelectric substrate 

(based on mass change in the sensing film)

Advantages:  - High sensitivity, fast response time, reversibility

- Small size, low cost, wired or wireless modes
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(Source: commons.wikimedia.org)
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ZIF-8:

- Zeolitic Imidazolate 

Framework-8)

- highly stable sensing material

- For physical gas adsorption

6 membered ring window 

diameter: 3.4 Å

➢ Shows high CO2 sensing response at different 

concentrations.

(Source: seekingalpha.com)

Natural Gas Pipelines

➢ Estimated natural gas leak from distribution 

pipelines: 0.51 leaks/mile 

➢ Development of methane gas sensor: 

immediate leak detection → risk mitigation 

→ ensure pipeline integrity → enhance 

energy security in the U.S. ZSM 5 (Zeolite Socony Mobil–5): - aluminosilicate zeolite

- pore range: 0.3-0.6 nm

PDMS

O
Si

(Source: www.acs.org)

(Source: Nature Comm. 9 (2018) 1429)

(Source: Nature Energy 2 (2017) 17086)

PDMS

▪ Test mode: wireless

▪ Frequency: 430 MHz

❑ SAW Sensor Configurations:

❑ SAW Sensor Testing Conditions:

▪ Humidity: dry and 43% RH

▪ Gases exposed: CH4, CO2, N2

IDT (Interdigital Transducer)Silver paint (for electrical contact)

UiO66 (Universitetet i Oslo): 

- MOF made up of [Zr6O4(OH)4] 

with 1,4-benzodicarboxylic acid

- high chemical stability

PIM1 (Polymer of Intrinsic Microporosity): 

- high porosity & flexibility

PDMS-ZSM 5

(Polydimethylsiloxane): hydrophobic polymer

❑ Configuration #1 (ZIF-8 and PIM1-UiO66) 

❑ Configuration #2 (ZIF-8 and PDMS-ZSM 5) 

(#1) (#2) ➢ Shows quantitative CO2 sensing response. ➢ Shows weak CH4 sensing response. 

➢ Shows irreversible CH4 sensing response.

➢ Indicates the slow desorption rate of CH4 from 

the sensing materials.

❑ Configuration #1 (ZIF-8 and PIM1-UiO66) 

❑ Configuration #2 (ZIF-8 and PDMS-ZSM 5) 

➢ Both sensing materials on the SAW 

sensor show noticeable sensing response 

when exposed to the dry mixture gas of 

CO2 and CH4.

➢ The electrode coated with ZIF-8 shows 

stronger sensing response than the one 

with PDMS-ZSM 5 under humid (43% RH) 

mixture gas flow.
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