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Research subject: In recent years, there are so many attractions in
the field of effective detection and discrimination of volatile organic
compounds (VOCs). Detection of VOCs is of great importance in many
applications and industries, such as air pollution control, air quality
control, food packaging, food quality control, disease diagnostic,
agriculture, etc. Sensitivity and selectivity of the prepared sensors to
detect VOCs need to be improved.

Research approach: A conductive polymer composite sensitive layer
based on poly(lactic acid) as polymer matrix and multiwall carbon
nanotubes as conductive filler was prepared to detect VOCs. For this
purpose, the porous sensitive layer was prepared by non-solvent
induced phase separation (NIPS) method. In this structure, chloroform
(low-boiling point temperature) was used as the solvent and ethanol
(high-boiling point temperature) was used as a non-solvent. The
sensitive layer was used to detect toluene, methanol, and chloroform.
The structure and morphology of synthesized layer was investigated
by means of scanning electron microscopy (SEM) and Brunauer-
Emmett-Teller (BET) techniques.

Main results: The investigation indicated that the phase separation
method induced the open cell morphology into the conductive
composite. The BET results showed that the specific surface area
of composite increased to 22.3 m2/g. The experimental results
showed that the response properties of porous layers was improved
dramatically in comparison with the dense layers. It was related to
the increase in the specific surface area of polymer composite and
therefore increase in the diffusion coefficient of analyte molecules in
the polymer matrix. Finally, the sensitivity and selectivity of porous
sensitive layers were investigated based on Flory-Huggins interaction
parameter.
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Figure 1. Schematic figure of gas sensing setup
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Figure 2. SEM image of (a) free surface and (b) cross section of sensitive layer
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concentration of toluene
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chloroform
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Figure 5. Dynamic response of porous PLA/CNT sensitive layer toward 5000,1000,500,200,100, and
10000 ppm concentration of (a) methanol and (b) toluene
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Figure 6. Sensitivity and selectivity of porous PLA/

CNT toward various concentration of chloroform,

methanol, and toluene

7ok = oo dite 2200 Sl o ) 458 o (SRRg oele aslilad g


https://arcpe.modares.ac.ir/article-38-41640-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-10 ]

Sl S Gl oy agy cao i Jgom mols
il 7S le -5 L8 S e )l

< <
XPLA—Chlorofom XPLA—Methanol XToluene

o dm S le —(g 08 S pp )l as e
iy S e od s s e sl 5 Sy
5 Sl ail ;S az e g Sl si o g0
ooz gl Cl Plo g aady o S (o
3 s s il 5 Sl 8,15 5 (2l S2SW) Ly
oadoslolis 0y, .l e LialS 5 Seler 4 Jesilie
J=U b am S le -5 8 iSpa el s
¥ YL il soimo ylois saal Cwy s
I T allse olwls o eosasle wlws

sl CojeelS Al p S cale g (b

o8l rolial
Jlie ,o S sl L) e (o 2 jliie 4
=Pt «Bud  Sawiw Ol 5y e Lt gl ol lale
slo o ble | olae o wlwsa ¥ o oloe wls
oy B IS 55 (35055 5 Jyilie oo g IS Ly cilisee
] 00
cdale oles o cnl jasin S8 0 aS 5 b les
039 (9l5 5 Jo—lie 5l yiten o899 15 Sl L Jolie o
OMW uAJLM-»? 4_>Y Lg‘)—" C—“’L’ A_J‘)_uqu S—g, ol
el 5y e A 0uni SO ol sy Jolie (o

A >A

R,Chloroform RM ethanol>AR,Toluene

Loz 5l alize slo el )l a4 Saw w5

5 eolaiwl el [, Sl ol ) izren ol
PO M)sm rb)_mlg_i_:ulja&@o)agc.‘a_ww_,‘)sls

G gox —F
@l (b do ()8 Aedgill (sl SISV L a0l
o=y ald a s Ploaso L Sl S e g5l
Oly—e 4 Jobl 5l g Pl ly—ie 4 p,39,05 51 )15
G moads iy 0 L mdsw sloul ad solawl Plsas
S rmozly de; 25—y gl S9— o Uy, =2l o
sa—as Lii BET 5 o3l molia s g 9basa i
Jodseie sl e YYY MG U 05y pbaas 238
o > A C.‘a__w Comnd W\,el l_> OAATM_.M:JQ
Sroaly de )0 (FdEEs 2 § 398 pS il
BRI Y vE= WV ESWE S Wy Uy W) PR W SN P S T 3
o S5 Jolie g (S9de e 89 IS Ol Lo Sl
=Sy ol a ¥ a S ol las mols o835 )3
5o OS99 51 e PP cile Llae s (Seuly g
Sgd> 4 (Sl JSdsie a¥ 4 S >y wes
IRV R a—l izmen 0l lis ooy oV Y

s g p 89S A ol (lie (o g catao LS
Tl Ol yss 0 090 S9le A el lie o

(S § yonly e (Sealidge i S o
St S Sl 60 o o 0aiiS 3985 JeS 5o olul
Sl sl el )b 5l S Ve Y] el a0t g
S roady Gl S sl ol e Lo (gl e
Ll 1850550 Sz g ey G GBS o2
i L g yendy o IS 02 (Yl 4z 2
Ie oM@Lo 9 03 —bod> )Lér.g u_J)b Mb i
bl 4d 53,55 by 4B )3 5 (6 ey die
Ay Al cas pollecel sanyy gl 00,5
D gmo Bad S L Su A 6 ady >
o2 3 Ol 00 S Ly Jela—ie sl il 51 SO
~6y5 S e p el )b Pl g ey o 2SS

D5 o Hlom ;) Dygmo 4 4 S el S
Vi (8p — 85)?

RT

W—»J"i’l"" M)Jd_.’spij‘ R‘T‘SS d_.‘a)‘) u_,\)o
N ) E-5% 1 PR DY -1 L g V=GN oo B PO
el ey il palie D> il g Pl ol pals
0,50 sle Somriw g ends Slak in ) Jgus o
s 7S le —(6 )9 dd iiS pm p Selly (rizmen

Iy ] ccatoacs asl))

X12 = )

odddmlrne (S w0 el g peely 9 Pl (b Slarine ) Jgor
Table 1. Physical Properties of polymer and solvents and calculated interaction parameters

VM (cm?3/mol)

8 (J/cm?) 2 X1z

Chloroform 79.7

19.0 0.62

Methanol 40.7

29.7 0.65

Toluene 106.3

18.2 1.16
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