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1) (B ETRRZEILRITS, Pi%  710051)
2) (WEHERZF T2, (GRS SEARERSINE, JLaT 100084)
3) (BHETREREMEILS LK, FH 464000)
4) (R TR, 3T 100084)

(2018 4 12 J 20 H&#]; 2019 4 3 J 27 HULBMESH)
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P K G D 25 1 ) A A A 550, JFLAKAE A
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Fig. 1. Real-time response curves to 1-40 ppm NO.,.
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U firp W R, A2 SRR ) L BELIEL S A, il By S B9/ ).
AR, 2 NO, Wt 7E & m Laf, rGO &
TR 2 P PR i 1. PR s SR T S s, H R
{EAE R Rl N TR AT, B TOK G EE Y 1GO
B AE 0 N AR AnT . 53 4h, ma
S Bifi AR BE RS IS fin, YEFA 1—40 ppm.
ARERY SRR NO, WREEHS NS, B2 NO, 47+
B RF 2] vGO I B 0 I, 2 SRR 22 B L A
rGO %R 3| NO, 43+ I, M5 3R 1% 1
R MAR. i H, TR RT DU B, KA kA B Y
rGO AT LA AR 1 ppm WK NO, SAA.

R SRAG AR W T 0 D [, AR
P 17 5 AR B A il R ) ROk A A Y. BT 2
SR T R FEXT NO, B s, R e
ZIAL LT Gtk i e 2R . A Jeeis e IO %o ¥ ) R
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Fig. 2. The plot of response vs. concentration.
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Fig. 3. The plot of recovery vs. concentration.
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B, Sk A T A 3583 (9087 A A o312 S
B, TS i R 452 it ) 7 a5 30 33t PR A U931
Jir AV Bt A B T R, KO R R AR
FGBORMU N, Z R TRRE RS (R I [a]
AT, AR SERE BE: i ) (32 B A TR
IR, HUR R B R AR A IR ).
R 0 FE 52 Pk PTG g il SR B S R R T
10 ppm NO, Ji B = URAGFH 52 I i [37 i 2 K45 51,
W 4 s . AR MBI PR TP AR R Y
W ANSE A IRAZ, s N BT nT B A2
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Fig. 4. Repeatability of the sensor after exposure to 10 ppm
NO,.

3.3 %f NO, S kB Rz F0 bk £ B i8] iiK
AL SR 1A i IO ) Sy DA AR AR T
f, B RS Y H B AR {38 3 e K L B AR R Y
90% ST FH A RSFIR]. T2 SR 18 YK A2 i [0 2 A S A o
T, B4% B A BH AR £k K 21 5 R A BH AR fb 1Y
90% Fris LEHmTE]. & 5 2 E R T ZERERX) 5 ppm
W IE I NO, i i A5 Ak il 2k, 7T LA H H e 1o
PR BE] 43002 319 s Fl 776 s.
FTARSLE P 1 GO ML RS Y S A

AE-5 H T2 0 NO, Kl it — 2 SCHkE i 2 (114 L
BOASSTER 1 b, fEEE T A B NOy SRR
B E P, ARSI ] A AR RS A R B R
B Wi 8 IR 5, B R 5 ppm NO, 1 137 B[] Sy
319 s, ISR 1 Fr gL IS (1) R J i o sF [1]. 9% T
YEHR Y rGO Jois AN RE B AR A PR (1) i i
FH R P RE, (E R e 0 BE AR, AT T —
.

1.04

—
(=}
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=
(=}
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Fig. 5. Response and recovery times of the sensor to 5 ppm
NO,.

3.4 KEMERMENLAERERM NO, S
RR R BAN IR S 4

B4, KG PRI rGO SR B 1 1 5%
BLA AT P T — B E B A T 8 B i 35 1w
L, NO, 731 FA% A R 2 1] B L4 HL A 5 7%
rGO Y% AL SRR R E T i TR R 7, X fit
PHE AR e 2 IR T R L B UL IR P RE.
T rGO KRBV p B K, I H AR
TR NO, FEHHL T34, A1 NO, T A Mz B 25
rGO F7E 7 AL S R A 5. 28 A R 2
A7 S e R A R R RUAAAE. — 2

® 1 AFEA SRR I NO, PEREXT L

Table 1.  Graphene based gas sensors for NO, detection.
TR R HWeRE Wi 7 38 W RO i 7] PR s 1] SCHR
GO 5 ppm 1.03 (Ra/Rg) ~5.3 min ~13 min AL
TRIRAGE GO 2 ppm 1.56 (Gg — Ga) /Ga ~30 min >30 min [40]
MR 4 B0 2.5 ppm 0.005 (Rg/ Ra) ~1h ~25h [41]
CVDA #H4f 10 ppm 15% (AR/Ra) ~30 min ~45 min [42]
HMEA: K A BRI 15 ppm 7.50% [(Gg — Ga) /Gl ~7.5 min ~17 min [43]

E: a) 1 ppb = 107% b) G, FETHREPRIRT,; G, TR AP IIRS; o) R, TETHRAEHAHEL R, ZEMHL AP AL,

d) AR, B AR E RSB ARX BE, AR = Ry — Ry
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P AN 58 4 38 i B T S AT 2 5% B A 2205
Fif, SaliaBEAHL, rGO FERIH LI A R AL
TIFRESE, XL H BEMT AR D REAL A ) Tk
B, [RIINF I SRS I e e ik — 205 | A 23 (6 4k
R, PRBLI 2 SN AT, A BT AR — 2
BFCAA.

4 % #

SEIGWF IR A B, R KA EE TR ) A A A B
Jai ] DL SEELAE R N A 1—40 ppm ¥R A9 NO,
SARBYREIN, ELAG e dy iy e oy M RN AT L A
TRz SUE v DR E BRI R A A TR
MG, PKERATLIKE) 71% LA b, (02 R0 1
£ 0.00201 ppm !, A BKERFF2S ] FI5b, XF
5 ppm LR NO, M R AR & i) 43 3 319 s
776 s. RASRUL, A SCRYSEEGIF 06 TR K&
JHRAE SRy 340 JEE 3 A3 D 48 F A B A (1A AT L B R R P A
FEEA —E MRS, NN A B L R
PR FHER LA 2.
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Abstract

Reduced graphene oxide, as a candidate for gas detection due to its unique atomic structure, is arousing the
wide interest of researchers. In this paper, hydrazine hydrate is used to reduce graphene oxide prepared by the
modified Hummers method. A chemical resistance gas sensor is fabricated. The prepared reduced graphene
oxide is used as a gas sensitive layer of Au planar interdigital electrode. The gas sensing characteristics such as
responsivity, recovery and repeatability of NO, gas are studied. The results show that the graphene oxide
reduced by hydrazine hydrate can detect the NO, gas at a concentration of 1-40 ppm under room temperature.
It has good responsivity and repeatability. The recovery rate can reach more than 71%. However, the sensitivity
is only 0.00201 ppm !, and there is much room for improvement. In addition, the response time and recovery
time for NO, at 5 ppm concentration are 319 s and 776 s, respectively. The sensing mechanism of the hydrazine
hydrate-reduced graphene oxide gas sensor can be attributed to charge transfer between the NO, molecule and
the sensing material. The outstanding electrical properties of the reduced graphene oxide promote the electron
transfer process. This allows the sensor to exhibit excellent gas sensing performance at room temperature. The
reduced graphene oxide appears as a typical p-type semiconductor and the oxidizing gas NO, acts as an electron
acceptor. Therefore, the adsorption of NO, gas leads to the enhancement of the hole density and conductivity of
the reduced graphene oxide. Another reason is the presence of defects and oxygen-containing functional groups
on graphene sheets. Some oxygen-containing groups remain on the graphene surface after an incomplete
reduction reaction. Compared with pure graphene, the reduced graphene oxide has hydroxyl groups and epoxy
groups remaining on the surface. These functional groups will functionalize the material and promote the
adsorption of gases. At the same time, the reduction reaction will further produce vacancies and structural
defects. This will provide more reaction sites and thus conduce to the material further adsorbing the gas. In
summary, the experimental research in this paper is of significance for studying the mechanism and
characteristics of the reduced graphene oxide by using hydrazine hydrate as a reducing agent, and it can
provide reference and lay a foundation for the applications of future graphene sensors.
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