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Preparation and Moisture Absorption Behavior of PAM/CS/GO Hydrogels
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Abstract: Using acrylamide (AM) as monomer, chitosan (CS) and graphene oxide (GO) as functional components, N, N'-
methylene bisacrylamide (MBA) as crosslinking agent, a series of PAM/CS/GO composite hydrogels with three-dimensional
network structure were prepared by free radical polymerization. The chemical composition, structure, morphology, and
mechanical properties of the composite hydrogels were analyzed using Fourier transform infrared (FT-IR) spectroscopy,
X-ray diffractometer (XRD), scanning electron microscope (SEM), and universal testing machine. The experimental results
show that GO is uniformly dispersed in the PAM/CS hydrogel matrix. Compared with PAM/CS hydrogels, PAM/CS/GO
hydrogels have a tighter porous structure with an average pore diameter of about 55.7 um. In addition, the mechanical
properties of PAM/CS/GO hydrogels have been significantly improved, the largest elongation at break is 2 039%, and the
maximum breaking stress reaches 237 kPa. This is due to the fact that GO acts as a physical crosslinking agent in the
PAMY/CS hydrogel to form good interface bonds. The hydrogel with cross-linked network structure and plenty of hydrophilic
groups can be used as the sensing coating of the quartz crystal microbalance (QCM), and the QCM humidity sensor based on
the functional hydrogel film is prepared. The moisture absorption behavior of composite hydrogel films was studied using

QCM technology under different humidity conditions. As the air relative humidity (RH) increases from 33% to 85%, the
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frequency response of the composite hydrogel film modified QCM sensor increases from 12.2 Hz to 22.3 Hz. This research
work provides valuable reference for the application of the hydrogel coating in the field of QCM humidity sensors.
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JEH, PAM/CS/GO & A /K BEIE ELAT b iR SO RS ) AL S i, (R LI R 5 /K B S RSEAE S QCML A% B J2 4R
RN ARG I 4 AIF 5 A8 SR v i DL R T R AT o

AICK CSIGO E A MRS AR PAM KEERAR R, KRG LR A RERAE I kHl 4 T — R PAM %
IKEERE . TCHLA L GO 5 PAM/CS 7K B i 22 ] 1) #5 FLAE T AN SURE AR (675 P & Re A AL 2s &, B T
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He AR BB B A BR A 715 GO: 22 B8 SCRik [20] A s NN -3 FF 3 XU 4 B (MBA, w = 98%) . i3 i iR £ (KPS,
w = 99%): b5 R R A R F); A7 8 ORAR 150 pm, 75 5 A4 B A FRA F; S8 4651 (NaOH) | YR B R
(H2804) . i EA LA (H,0,) . %, FEALEE (MgCL) . S Ak (NaCl) . EALEF (KCD): 43 #r4li, [ 25 48 A1 fk 235
AHBRAF,
1.2 M5

5 FE AR /R B 20 F] NICOLET IS 10 AU HL i AR 46 27 S8 1% (FT-IR ) A3 s K54 VR T 458 1) 7K S5 JRe A i
SRR B 1:100 B9 5T & FE 3R E A, S 400~4 000 cm™'; H A H 244k X 4% E D/MAX 2500pc %Y X 5
LR AT BT (XRD) X : AL Rl 50~ 70°, 96 %y 0.02(°) /s; H AL JEOL 24 ] JISM-6360LA #1414 v, 1 B i85
(SEM): B it ¥2 VR T 1R A0 38, FE N fi SR 10 kV B9 25048 T WREEAE L IE S H A JEOL 2\ W] JEM-2100F #i%
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S F B (TEMD) : 76 200 KV I HL R R % GO AT S kA7 2% 36 [ e HE A0 BB A BR A ] 5500 74 Ji
T B (AFM) GO 43 B 728 R B W =B B L, FH AFM X GO (98 S5 647 3R AF 5 v [ 55 e Tl
RYGEA PR E] CMT-4502 H9J7 REIR K AL W03 7K 358 e B4 o7 A i 58 11 7 S8 i K 8 B 5 (AR A 20 mm, 56 &
10 mm, JEEE R 5 mm, FLAHE R 100 mm/min; AN I8 B#T #0EHEHE A R ] QCM-A DBY-17 B 9 i {4
TR DA% i (G000 5 MHz) 76 28 SO iR sl s 1) SRR 40 30 A48 Ak (Af) DA KR e A8 4k (AD) S 22 SEHE, i
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AL 1. 3.5, 7, X R ALPRAT A 5. 15, 25, 35 MHz.
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PRI 2 g CST T 100 mL &2 i W (R B3 88 R 2.5%) 1, Be il L CS 7K ¥ W (w=2%) ; #R Ji5 PR
250 mg GO P il B 25 mg/mL 7K A, 2088 7 A 1S P AR € 19 GO ZK I s 1536 FHAS WS 43 | W RO 45
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1 mL NaOH ¥ #; 5oJr ¥ IR A MBI 5 mL CS 7KW h b 47 8 75 Ab B DL 45 CS/GO 38U -

R HE, 156, K 1 mL 19 MBA S5 F 2.132 g (9 AM SR ER N3] CS/GO 43 B, 72 v 1959
SRIG, 76 0 C BEFE TN 1 mL ) KPS % (21 mg/mL); e, ¥R A A B R UG L0 (PTFE) B E | %
BRI EE K 70 °C, RN E] K 6 h, 15 PAM/CS/GO 44K &2 & K BEE o 24 meo/manm 23 514 0.5%, 1.0%,
2.0% F 2.5% ), AH B 1 PAM/CS/GO 7K #E 12 43 7l b ic 2 PAM/CS/GO-0.5%, PAM/CS/GO-1.0%, PAM/CS/
GO-2.0% Fll PAM/CS/GO-2.5%. A T &, LAAHF Al & 07 kA R B GO ) PAM/CS 7K EBERZ -

1.4 PAM/CS/GO 7KERE RV HI & 51 E 8N

T e BE A QCM A1 38 i IRV AE B A (H02 5 HaSOs MR EL A 3:7) 1 10~ 15 min, SR 5 K
T2 B T K gk s R R, AR T4 . PAM/CS/GO 7K B I i 1) QCM A5 8% 28 1) 1l 45 LA B W 3 4o 72
WAL R . BE4 ) QCM A 9% fiy i b i 48 7K B G vl B ) 452 4 0 R AN < A 9 o e IRAE e TR L |, TS W
LI 100 uL 1Y) PAM/CS/GO i SRV 76 A1 9% 0 1 4 v b, T 0 BB (IR %% 3 300 r/min JiE TR 30 s, foi i i
1 000 r/min BEVR 20 s) o H4 2 1% A4 7K B B 1 SR AR V5 V1 B8 4 A 0 7 E 70 °C [ 6 h, 5 R R G 5 ACHK I
N LU B PAM/CS/GO 7K B st T . 4% 7K ek Je T8 B8 1 1Y) QCML A% B 285 1 AS [ R G0 32 2 855 v (3 ot e
LiCl. MgCl. NaCl, KCI 735 e il Joi A0 F1 3k V5 VA, 435 1) 552 50 AH R BE 73 59124 11%. 33%. 75% F1 85%) , Fi-F1 H]
QCM 52 i W 0045 380y 6 it 1 SH 0 1 3% ot e ) 28 s 14 T £

y PAM/CS/GO [y, I C—
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Fig. 1 Preparation and moisture absorption process of PAM/CS/GO hydrogel modified QCM sensor
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2.1 PAM/CS/GO 7K BB RARM S %EH

M GO K¢ PAM/CS/GO 4K 5 /K EERE L1 AME I (18] 2) AT LA Y, GO %4 —OH. —COOH, —C=0 #il
—C—O—CZ4& A M, Hrh 1384 cm™ Al 1720 cm™! 4k J2 —COOH | iy — OH Fil — C=0 %t [ i 7 1iF 1
1 630 cm™ 4bh — OH HEH 4 IR 5, — C— O AYRFMEIE I BLAE 1 069 em ™ &b, FE/KEEREHINA GO J5,
PAM/CS 7K #E ¢ 1) Tk Jiie FE 04 M 1 638 em™ b K S K 7 ml B8 3l o WA A% 72 i T GO R T 1Y & | Akl
PAM/CS 7K B Z IR AE7E SRR T, A K GO 2% T8 1 £ Fi 47 55 7K 958 fise 3 TE 79 L P A 22 TR A7 78 #60 AH B4R
SRt — 2 AR BERS A o 5 4549, X — R FIEE M T XRD A (E 3) .
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Fig. 2 FT-IR spectra of samples
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Fig.3 XRD patterns of samples
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M2, ULEH GO #ff 23450 3 UL /K BE IS I AR v s 17 0845 9, R WAK eI A o IR 454, HLBEA GO & it 1)
ANV, K BRI 1 TC R T e JL-F- T A A2 Ak
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M GO 1) AFM (18] 4(a) ) AT LLF HH, GO 2 2D # iR 454, H GO w7 22 3 HH A AR i B 45 (151 4(b) ),
oy 2D MR B &R, P Y R 0.04 pm?,

20 nm

0 1: Height 1 um

Kl 4 GO f(a) AFM 5 (b)TEM K
Fig. 4 (a) AFM and (b) TEM images of GO

& 5(a) fTE 5(b) 439 PAM/CS /K BERE () SEM P Je HfLAR A A Il o 1T DA HH 26K 358 e Ay i R 22 FL 1Y
W 2% 25 b ELAE R B by, X2 T R AR D B CS LR 4 454, T3 LR 7E 40.2 ym A 47 . 1Bl 5(c) &
PAM/CS/GO-2.0% /K EEE Y SEM [&l, Z£L W 28 25k 1 5o 8 O B, (R FLREJEEXE I B CS MY £F4EZh b 2k, fLAR
3 PAM/CS /KEERE OB K, 2920 55.7 um (& 5(d) ), 335t A5 ) F-48 i1 7K 201 Al W B4 5
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Fig. 5 (a, c) SEM images and (b, d) pore size distribution of hydrogels

2.3 PAM/CS/GO 7KER B M RE

TRBEIE 4 124 R RE (&1 6) 5 7K BRI ) 5 7K o %%
YIAHE, A2 3CH PAM/CS I PAM/CS/GOE &K BE i
5 KB AE 81.6%~81.3%, FEfEA T H% . 2D GO
YK T RN (2928 0.04 pm?) , SR EUPELE, ik
AF| PAM/CS 2215t W 45 25 #4 N A R T3 %5 PAM/CS
W 4% 1 J1 22 BE o BB meo/mam M 0.5% 18 Jin 2]
2.0%, 7K B 5 1) W %2 A K =2 R0 W 22 0 T 43 0 A
1 107% H1 74 kPa 54 /i £ 2 039%7#1 237 kPa. X J& A
RAERL ML R P, GO g2k T LS R A I 4
14 L A5 Al A7 T A, O AR ITH . [RIET, BT
GO 9K 7 5 7K B e =2 [1] 1) S B R v A B A OB
BT GO 5K EERE Z 18] R4 0 ST 454, TERLAH
A 36 o 33X S T 3 S H ) DT SRR R N K A KB M
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Fig. 6 Stress-strain curves of hydrogels

B S RE . 1BJE, 24 moo/mam\ 2.0% EANF] 2.5% I, 94K 54 7K BE IS () W 2207 F7 B2 e S84 S 18 TR e,
JRR S GO 94K B & B4k S8 i, GO 5 kAR, 5KEEIR KM . % EEME N QCM 14841 Bl 2
PRAIE B G 0 F1 2R PR RE, 5 SO PAM/CS/GO-2.0% 7K 5818 Fl T W8 47 R FINE B AL IR IR 5%

2.4 PAM/CS/GO 7K EBBRBGEITA

He /K BEBS W BAE M B QCM 1L ER BT 33%RH BRI (8 7(a) ), Hi T /K BERE WX /K 70 B WL, A7 3%
At TSR0, 5B QCM A1 5 1 B ILIRI A AL AL BT I, i Jm IR RHE AR TR E o /K BEI A 2 4L
SERAR HE R TR, LK PAM/CS/GO & & /K BEIR 1A a5 35 S R A AP AE, (R AR I . 25 n=3,
FEHRITA N 15 MHz I8, KB BB 1 (9 QCM A2 2 T 28] IAZ 380~ 487 A F [T 249 A 1 988 s, 35 5 W s - iy
I Af 2909 122 Hzo GIEBUE n 2350008 1. 3.5, 7 I, AF B ERAR G 73 B, G0 7K 55 e o s K s AR AR 5
SRR R A ST o G R AE A R 2 TR U PR R — SR AT A R A U [ IR A R T A R



5544 SEARAK, % PAM/CS/GOZKEEIR i il 7 B HWIBAT A 399

R AR TE G . QCM WY AL 5 TR A ZE S 25 DD AH G o SR A 0% o 2 1T £ 28— S22 WP 1 T
W AR IN; F 2, A0SR A B i R 3R 1T B 30— J2 0 22 RN 285 A0 s v i T AE, D) A3 K. IAIET 7(b) mT LR
K R A i 1) QOM 5 7% B T 33%RH 385, QCM 1) AL B #is K. [FE, M n=1. 3,5, 7 i}, f£)E&
A AL ZE AV A 73 25, W06 UE T 32 7K 8 g IR AR WK S AR AR TE I 28, Z5 M Fh sk R W . P
FEXT I BE IR BT (75% LA K2 85% ) 7K B Jis TH RS i 114 A2 Jae 2 194 41 2w oy A8 Ak (AN 1] 7 () i, B m = 3) W] A1,
AFTRIRE T B, ek B P . 7E 75%RH PRGN 1k 21 0 B 7 B i e K AF 8 21.7 Hz, T 7E 85%RH A FF
BT 3k B 0 B  15F £) e K AFN 22.3 Hzo AN )M X BE 45 18 R AL IR B 10 AF 9EAT HE A (I 7(d) ), BE &
V8 JEE ) 38800, U B A K B TS T I 1) QCM A& IER AR 1Y AF ARG o F BRI DL, 7K 868 e TS Uk 2 7E QCM iy
b, Bt T QCM A 1 R A, H KRR 557K 43 22 [R] 2 0 3 BT, K 7K B A& 10 1) QCM A% gkt 3 ok
TR J A W B T A2, (AR QCML A 1 B AR A R FH 40l i 7 B K v
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Fig. 7 (a) Af and (b) Al curves of the PAM/CS/GO hydrogel modified QCM sensor at 33% RH; (c) Af curves of the QCM sensor with
different relative humidities and (d) Af at adsorption balance

3 & i

(DRG] K A HERAS G T — 275 PAM/CS/GO 41K 58 4 /K BERE, IHH 4 T 5 TiZ/K B 1Y QCM
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