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Abstract

A home-made volatile organic compounds (VOCs) sensor has been constructed using
multi-walled carbon nanotubes (CNTs) composites with various polymers. The sensing property of
CNTs/polymer composites is based on the change of electronical resitivity response when the
composites interact with interested gas molecules, which is due to the swelling behaviors of
polymeric matrixes. Various ratios of CNTs/polymer composites have been tested with selected
gases; NH, (as NH,OH), ETOH, Toluene and Formaldehyde. The fabrication of sensor was achieved
by a rod-shape pressing method where an internal heating coil was placed into the middle. The
measurements of its electronical resitivity change were performed by applying a constant voltage
potential through the rod of CNTs/polymer composites. A microcontroller coupled with LCT1661,
10-bit Digital to Analog Converter as a voltage supplier and MCP3201, 12-bit Analog to Digital
Converter as a signal detection were used to follow the response of CNTs/polymer upon injection of
selected gases via nitrogen carrier-stream. It was found that ethylene based polymer (PE, PEG, PEG-
SS2, PET and PEO) with the ratio of 1:50 w/w (Polymer:CNTs) responses to ammonia gas (10-50
ppm) with a drop of resistivity signal (100 kQ to 80 kQ2) with the response time of 52 seconds. Vinyl
based polymer (PVOH and PVC) with the ratio of 1:100 w/w (Polymer:CNTs) response to toluene
volatile (0.1-0.5 ppm) with a drop of resistivity signal (72.5 kQ to 66.5 kQ) with the response time
of 47 seconds. Other CNTs/polymer composites sensors response with unsatisfactory results. The
life time of sensor was about 100 injections with the relative standard deviation of 1.02%. The

percentage of recovery and precentage of ability of reproduce were 99.9 and 101, respectively.

Keywords: multi-walled carbon nanotubes, volatile organic compounds, polymer-composite sensors
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3‘]] 3 7WD18 SEM 194 (a) 0.1:1 (w/w) PEO:CNTs ; (b) 0.3:1 (w/w) PEO:CNTs; (c) 1:50 (w/w)
PEG-SS2 : CNTs; (d) 1:20 (w/w) PEG-SS2 : CNTs
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31l 4 7MMa18 SEM 494 1:100 w/w (Polymers:CNTs) composites: (a) PE; (b) PEG; (c) PET; (d) PP;

(e) PS; (f) PVOH
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319 1 Awaaaanud i Q) veausuiwes (1:50 w/iw Polymers:CNTs) iiana'le

seireveauey Tuienudud 0.1-0.5 ppm

oncentration  0.0ppm O.1ppm 02ppm 03ppm 04ppm 0.5 ppm
Polymers

PE 0 1 1 1 1 1
PVOH 0 0 0 0 0 0
PEG 0 1 1 1 1 1
PS 0 0 0 0 0 0
PEG-SS2 0 0 0 0 0 0
PVC 0 0 0 0 0 0
PET 0 1 1 1 1 1
PP 0 0 0 0 0 0
PEO 0 1.5 1.8 2 2.2 2.5

3149 2 Arad1aaud Iy Wi (kQ) veuwsuwes (1:100 wiw Polymers:CNTs) iiana 1o

seireveauey TuHennuduty 0.1-0.5 ppm

Concentration 00ppm O0.1ppm 02ppm 03ppm 0.4ppm 0.5 ppm

Polymers
PE 0 0 0 0 0 0

PVOH 0 0 0 0 0 0

PEG 0 0 0 0 0 0

PS 0 0 0 0 0 0
PEG-SS2 0 0 0 0 0 0

PVC 0 0 0 0 0 0

PET 0 0 0 0 0 0

PP 0 0 0 0 0 0

PEO 0 0.5 0.8 1.1 1.2 1.3




NU Science Journal 2009; 6(1) 109

319 3 Awanaanudmu i Q) veauwiwes (1:50 w/iw Polymers:CNTs) iiana'le

semevoaneN TuHoANMTNTY 10-50 ppm

Concentration (.0 10 20 30 40 50
Polymers ppm ppm ppm ppm ppm ppm
PE 0 1 2 2 2 2
PVOH 0 0 0 0 0 0
PEG 0 1 2 2 2 2
PS 0 0 0 0 0 0
PEG-SS2 0 1 2 2 2 2
PVC 0 0 0 0 0 0
PET 0 1 2 2 2 2
PP 0 0 0 0 0 0
PEO 0 2 5 10 15 20

319 4 AwaaaaNudunu i Q) veuwuiwes (1:100 w/iw Polymers:CNTs) tiiana'le

semevoaneN TuHoANMTNTY 10-50 ppm

oncentration

0.0 ppm 10 ppm 20 ppm 30 ppm 40 ppm 50 ppm

Polymers
PE 0 2 2 2 2 2
PVOH 0 0 0 0 0 0
PEG 0 2 2 2 2 2
PS 0 0 0 0 0 0
PEG-SS2 0 2 2 2 2 2
PVC 0 0 0 0 0 0
PET 0 2 2 2 2 2
PP 0 0 0 0 0 0

PEO 0 1 2 3 4 5
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319 5 Araa1anud N Wi Q) veusuaes (1:50 w/w Polymers:CNTs) tionale

521Meved IngouANNANT 0.1-0.5 ppm

Concentration
Polymers 00ppm O0.1ppm 02ppm O03ppm 04ppm 0.5 ppm
PE 0 0 0 0 0 0
PVOH 0 1 1 1 1 .
PEG 0 0 0 0 0 0
PS 0 0 0 0 0 0
PEG-SS2 0 0 0 0 0 0
PVC 0 6 6 6 6 6
PET 0 0 0 0 0 0
PP 0 0 0 0 0 0

PEO 0 0 0 0 0 0
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M99 6 Awan1an AL T KQ) veuwiwes (1:100 w/w Polymers:CNTs) tiiana'le

= Y 9
izmﬂﬁuaﬂﬂgﬂummwmu 0.1-0.5 ppm

Concentration 00ppm O.1ppm 02ppm 03ppm 04ppm 0.5 ppm

Polymers
PE 0 0 0 0 0 0
PVOH 0 1 1 1 1 1
PEG 0 0 0 0 0 0
PS 0 0 0 0 0 0
PEG-SS2 0 0 0 0 0 0
PVC 0 1 2 33 4.7 6
PET 0 0 0 0 0 0
PP 0 0 0 0 0 0
PEO 0 0 0 0 0 0

M319 7 Arad1aaud 1y Wi «Q) veusuaes (1:50 w/w Polymers:CNTs) tilonale

F2HEUDI 1NgOUAMINTY 10-50 ppm

Concentration 0.0 10 20 30 40 50
Polymers ppm ppm ppm ppm ppm ppm
PE 0 0 0 0 0 0
PVOH 0 2 2 2 2 2
PEG 0 0 0 0 0 0
PS 0 0 0 0 0 0
PEG-SS2 0 0 0 0 0 0
PVC 0 6 6 6 6 6
PET 0 0 0 0 0 0
PP 0 0 0 0 0 0

PEO 0 0 0 0 0 0
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1319 8 Awan1aa L i kQ) veuwuiwes (1:100 w/iw Polymers:CNTs) tiiana'le

= Y 9
izmﬂmaﬂﬂgaummwmu 10-50 ppm

Concentration 0.0 10 20 30 40 50
Polymers ppm ppm ppm ppm ppm ppm

PE 0 0 0 0 0 0
PVOH 0 1 1 1 1 1
PEG 0 0 0 0 0 0
PS 0 0 0 0 0 0
PEG-SS2 0 0 0 0 0 0
PVC 0 4 4 4 4 4
PET 0 0 0 0 0 0
PP 0 0 0 0 0 0
PEO 0 0 0 0 0 0
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