Hans Journal of Nanotechnology #9KHiR, 2025, 15(3), 88-99 Hans X
Published Online August 2025 in Hans. https://www.hanspub.org/journal/nat
https://doi.org/10.12677/nat.2025.153010

EEE/ DMAPMA/PVAE & BIEH
&R HMEEMR

FRA, &K, REX
AR A A T2, HOR 22

L=

Weks H . 20254F5 300 A ER: 20254F8 H12H; KA HI: 20254F826H

wm B

AR 9 DL 7R RBE (CS) /N-(3-(Z= & E) A L) F 2 N /& BEiZ (DMAPMA) R S Y194 K SkL (CP4NP) . K 2 )%
BE(PVAYNERL, B miEERE R I & T CS/DMAPMA/PVAE 4842 ((CP«NP)\PG). SEM. XRDA!
FT-IRRAES TR, CPJNPEZEIEE N4 BERMNER, HAERRILEAGSMG)RERIME16.98
mg/glIR AR R, W% BB MAE. b, S8R EA RIGH B && 68 I ApH /38 5w R
M, SO TR - B EEER,

e 45

FRHE, N-G-CHER)RE)FERBBRE, RZEEE, TR, BK - SRS

Preparation of Chitosan/DMAPMA/PVA
Composite Gels and Study of Their Properties

Fengchuan Guo, Miao Zheng, Wenwen Wu

School of Chemistry and Chemical Engineering, Lanzhou Jiaotong University, Lanzhou Gansu

Received: May 30%, 2025; accepted: Aug. 12t, 2025; published: Aug. 26", 2025

Abstract

In this study, CS/DMAPMA/PVA composite gels (CPsNP) were prepared by freeze-thaw cycling
method using chitosan (CS) /N-(3-(dimethylamino)propyl)methacrylamide (DMAPMA) polymer na-
noparticles (CP4NP), polyvinyl alcohol ((PVA)vPG). SEM, XRD, and FT-IR characterization analyses
showed that CP4NP significantly affected the crystallinity and microstructure of the gel and exhib-
ited a maximum adsorption of 16.98 mg/g for the adsorption of malachite green (MG), and the ad-
sorption Kinetics was dominated by physisorption. In addition, the gel showed good self-healing
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ability and pH/temperature responsiveness, realizing a reversible sol-gel transition.
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1. 5|15

KBRS HERED T BRSEA SN —KREEA A EABMEEME, S8 KENSRKER, B
HRIGHRER, A2 1 =4k 2 FLIN S S5 R (1 AEPIAR R[] DRI, KRR TEAL IBRES 25k |
MHETHRESCAE . TR KA B A v 7 28 S AT V2 LR [2]-[4] - 7K 28 T 5 DA SV SE S5 3 A TEL A FH T
B, AHELAE R B0 A VAL A e 49 f5 X B HTE R, AT EAAR B 3 B . SR, KB AU REAR
ATENERR, G MESERTKE R T2 R Aok T HRAR[S].  TEARAK B 1SR BRIEAS B 1A TN 5L R
(6]

RHEAREIRIE T SA, Ho, ERGWEFR IS EHRIR, TTHBOAT R AL
1, SESEMUME 2 T R 7] 8] Horb, TRAMANARLT T 1 S /K B A AT UAWG 580 P P 0 28 AN, 5%
FRREIE QAN T 7T G 25 3K B DA B FEAE[9]. B T4k R R I EL R TR, FeuE AL SAE M A
T PR KB AU SR (B ARG I 2 — o AL TONURI &8 FE PR IER) AT A R s e LR

ROMHEEPVA)EAEDMAEYE, PVA H1-OH 1T LIS H.O A 2UEE, (I EA s 14 ol iR
FE, AR, XS T H EEARER10]. EEAKLEF, PVA KER IR KRR T R
UFITE IR, SRis YL R BB B R & R M S 1]

AL LATERRE(CS)/N-(3-( - & FL) A 55 H AL 7 4 Bk i (DMAPMA) 5 A W1 40 K Bk CPoNP F1 PVA iy
JERL, #1147 CS/DMAPMA/PVA E &t (CPsNP),PG, H v NFE D HUN 50 ot%[] CPNP (KA,
FIAE AL 1)o GKBRLA & B (B BEF S PVA (b2 M EAEH, w4 80058 L 8 A ER AL
PRI o RIS KB (R K B AR B T ¥ kv, LU SR AR I RS At 1 F8 22 R MER B [ 120 PRI, i ke
ARG ITRL ) 5 EFE T (CP4NP) PG KA BT A ALY IR BT, 538 ik A A0L I B 3 77 S A BRI T
FEHLEE. [FIS CS. DMAPMA HAG pH MR HREM, BIRPEA B . RIEARE T (CPANP)PG 1]

—
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12h
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Figure 1. Schematic representation of the preparation of (CPsNP),PG
& 1. (CP4sNP),PG HIH#| &~ = B
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H f & i A RE .
2. M RF*E
2.1. SEIGKF

FERFECS, WOHEEE: 90%~95%, HifE: 50~800 mpa)ld H i+ T . EERRARIWHILEA T . &
EALER(AR) AT N-(3-( - FI L5056 P9 98 FR L T A R R (PDMAPMA, AR [ KAL) o NON'-3IF F 3k
WA EE A TR ER e (APS, 4lFE: 98%) 7 BT B = TAEMH ARG IR A 7 MR & R ERA . 1L
EAGAR)YH FFE AR EA IRA T, BIR(99.5%)4 EAE AL, B OIGEEAR)EEBTHL T .

2.2. PVA BERESI&

FREX 0.04 g (158 ZMEEE(PVA)YBURL T =S5, 468278 0 100 mL 2525 7oK, 7EJmiB 8 -Hn# 4 90°C,
Froe VR CE H L33 PVA ¥ FEL 20 mL ) PVA TR, 7800 2 mL RIS VR BLIE 3R =
R AF B R LIFHBEK B (PVAHG)

2.3. (CPsNP),PG B &R HHI&

o Bt 5 73 H0A 50 ot% I [FARFR 1 9K RORE 43 BB N 22 20 mL 1) PVA S, HiREIFEE A 20
min. RGNS (Borax)iE i (E 40° CHEFE 30 min HHATACHE, B R MNIKFEAEACEE, VRAEIA 3T =
WK, FRGHARTRT R 48 h, #33|(CPNP),PG B &K

2.4. (CP4,NP),PG & &R FRAE

AR AR X AT 4% (Bruker, D8 ADVANCE)TE 40 kV 1) TAEHEF Cu Ka 525(4 = 1.5418 A) T,
PRGN 5°~50°, R TR IOLE SR o R RE ST BE O R IR B RS M S RS S A L,
AR T RIMEL(SEM, JISM6701F){E 5 kV [ B S ALERE St O3 o FF it PR e L AR S 21 41
i FI 5 {X (Bruker, VERTEX 70 Switzerland)ics, 5 K38 E v 400~4000 cm™'.

2.5. FLEARMG)LRHIK eI

7£ 20 mL LRI 2 3N 20 mg [ PVAHG FI(CP4NP),PG. {441 - o] WA e 6 it ik
PRSI e WL SR, 192G YRR . TR AR

C,-C)V
i ey
m
C,-C,)V
qez( 0 e) (2)
m
(CO_Ce)
R=-""_""/%100% 3)
C

0
He, Copv C A Co (mg/L) 3 NGB IRIIEIR E . BRI R FE R PHTIRE o V(mL) A GRHE R AR m
(mg) RERHHHIMIRBE: q: (me/g) RAERIII ¢ MUK g (me/g) o T-ATRIE B
R FHE— )1 )1 AR (PFO) I 28 5)) /1 2 R (PSOYWIE T2 T ST A M of A WG 1 s 5 J
HLE,
WG BN 1% g, =g, (1-¢™") v
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W RN 1% g, :% )
e'v2

Hrb, ki (min ) AHE— 8 S35 HE R TGk (gmg ! minT ) A 2 Bl S B R L
2.6. BHER

B RS IR KB BT R EE, FIR T, R 0.2 g 4L, REIL K W, BEEERE
RIAE 25°CIZ B T/KH, &0 20 min BHTHRE, FEICHN W, /KB IREAN KAWL, Fi
iosr, HlE A (6) T KB 7 K B (SR) (g/g)-

(we-m,)
W,

SR = (6)

2.7. BEMMIR

Wt 7 — N EW E RSk B G EUR I B &7 . Bk, & TN EDE KB R &, Horp—
M D gt . BRI TIPSR A BRI, 347 A RS il i A .
2.8. BE - BT AT

VA = BRI T AR S FE AT R E AN TR (IR E . Yt pH )R, BEBE ALV I (A ) Rt A (11 25 R
A EE IR [13]. ARSLHIBIE PR pH (4~8) AR E(15°C~40 C) R ML IAIE A M EHE K -
BERAAT A
3. ZER5VR
3.1. (CPsNP)WPG E& B HHIE

R CIRWE KB B & 75— s (1) WEACBRE, W W RAEAREA, REWHEE 51 M
ST Y N 28 S5 R0 14]. EARRINE R PVA ISR, 57 FHE R EAR R (2t 70+ /R SR TR i, AR Bk
EREEARAVE[15]. (2) H2EACBE, I SR S G175 1 18] T B AE IR ST T Jl Bt [16]
CPuNP ZUKFRLIR A T I LRI R M 2 5k, JEEGYIE)-OH, -NH, %55 BeAAH BAE T s 2 AR
JE R G B ((CPNP)PG), FFIRHERNEIETELL AL Hil% W% 1,

Table 1. Preparation conditions for (CPsNP)vPG
52 1. (CPsNP)PG B & &1t

CS/PDMAPMA/PVA & & #tk

Adsorbents CPsNP (mL) Borax (mL) PVA (mL)
PVAHG 0
(CP4NP)sPG 5
(CPsNP)10PG 10 2 20
(CP4NP)15sPG 15
(CPsNP)20PG 20

VE: T HIRE S 5%M; CPaNP 72 BOR KR B HCH 50 ©%.

3.2. Z@M(XRD)
WiE 2 s, XRD WEERTE 260 = 19.5°F BRI, HATHIEARTE Y, X5 CikHoE PVA
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ARG N, EBETRT PVA K458 E[17]. ESET CPNP 40Kk 15 PVA I E A 1543
T(CP.NP),PG 5 &K MHEAEME A, B(OH), 5 PVA [{J-OH F=E5RAH ELAEH, e MM 4
WK T PVA WH 450, RILSE19.5 AT 8458 . hah, Bl CPNP SrE MR, ATHFIEMI 58 R
WrAs g, XEART PVA KKK T H-OH. -NH, MBS BE R I EIR, BRRE A e as i 5 1
PVA b4k mekas, Hd, 78 10° (100)F0 19.5° (101) T rg Ei AR, X FEIHET CPNP 5
PVA [8] (A8 EAE R 71[18].

3.3. LH5LAR(FT-IR)
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Figure 2. PXRD spectra of (CP4NP)\PG
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Figure 3. FT-IR spectra of (CPsNP),PG and PVAHG
3. (CPsNP),PG 1 PVAHG B FT-IR i[E
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4R ANE. 3251, 2960 1743 AT 1285 cm™ 3 J%f % O-H. C-H. C=0 f1 O-C-C, J& PVA [} 3 BLRHIE
WLWSUEE[21] IXEEIEE B i 7E(CPaNP) G I I, IX R B PVA B D) 2 & T (CP4NP)PG 1o FE7IH)
7F 3251 em ' AbRoRH — AN FEIE . IR HBEE CPNP GUKR T8 B G IR H 8 R, X R AR IT K+
PVA F SR GKRL T E-OH. -NH, FIEE SR IR B 7 14 & I UBi[22]

3.4. ML (SEM)

w2 Frox, FIFEH B (SEM)MERE SRR TS, B TR RS FIA K& S R 2 FL45
Ky, XATREVH R T AER RIS PVA FRG I Ao A HAE ELAE R RIS, BEAS T 0K & I BO9T 2 301 23]
YR 2 11 2 TR RO R AR THD R I 22 S e FLBR G ) . o, R THEIE 0% . FLIBRAR(A 4(a)), TR TH 1)
FUBR ) B FL S S A (] 4(b)-(d)) - Bl CPaNP 40Kbi 11 B, 49 Koki 18 5 42 14 35 T (CP4NP),PG
H, R R BIE W I 5 )= 2 FLEE S5 R (1] 4(e)). B2 M/NFLIRRR | = 4R850 AR e It (AN B 3P .
KIARTREDE A EAER, 815 CPNP KRR T LI 24 7 o (K& E(CP4NP)sPG H 4K b4
B RE, &S E(CPINP)2PG H IR LT 158 R FLEERE I I R (K] 4(D), 1 4(1), XRMYPKFLF ]
VRN R RO B E T3 SRR M 2 gk b, B S SR MERE . te4t, gRobi1 18 0
TR, VAR TR IE KR 5 5 F I B R AR TR A T R B M 4[24

Figure 4. SEM images of (a-c) (CPsNP)sPG, (d, e) (CP4NP)10PG, (f, g) (Cp4NP)15PG, (h, i) (CPsNP)20PG
4. (a-c) (CP4NP)sPG, (d, ) (CPaNP)10PG, (£, g) (CP4NP)i5PG, (h, i) (CPsNP)20PG B SEM

DOI: 10.12677/nat.2025.153010 93 WK A


https://doi.org/10.12677/nat.2025.153010

A 5

3.5. FBBKIERERAR

w5 frzn sy PVAHG FI(CP4NP),PG K i 2618 B 5T K I PVAHG B S KA KA E] T 9.6
g/g, XATRERDIN PVA 5H KEMSKEREZ(-OH), 245K B LR T KRBT S8 . s
CPyNP GKBURLIIAN, 7ERTHA, (CPsNP)PG HIEIKIE R & & PVAHG, XA R8I F TRkl ok
THEEE K MERF(-OH, -NHy). [MRE#E R & = EE— 53, (CP.NP).PG HIVEIKEEH
B, (HIRFFLE 7.46 g/go VDK F 50 2 (09N KITUREL 1 56 25 Ml o4 4% 45 W v 7 3 Ve 0, AT A L Ll
FMFASZ PRV K A

10 H

SR(g/g)

—=—PVAHG
—e— (CP,NP),G
—— (CP,NP),,G
—v— (CP,NP),,.G
—&— (CP,NP),,G
0 100 2(I)o 3(|)0 400
Time(min)

Figure 5. Solubility profiles of (CPsaNP)\PG and PVAHG
5. (CPsNP)PG F1 PVAHG KA Bt FE ik

3.6. FLERSRRIRPIIERER S

(CP4NP),PG X} MG [t 20 1 i 26 ni&l 6 Fom. 7EMFRI, CPuNP FI(CPNP)PG ¥R I H
IR B E R, X R EAP TAPRL R T A WK B Re PR gt TR ETE YA A B RO AT, R
PEAL RUZWTHE MG 431 88, 230 min 5 R B BRI EE TP . [HREREME, (CPNP)sPG £
L BT MR B i, He B KR A 16.98 mg/g. X R T CPJNP 9K BUkL i 5| XS 7 8 £
TG PEZE ], ITTHEHE 758 2 (1 MG W7 2. /R4 PVAHG FII(CPaNP)sPG (1) e & W B AR BT 87%,
{H(CP4NP)sPG MW FE 5 122 T8, SR1TT(CPaNP)PG WP 2Rl N 1%, DN T i & K RORL ) K A
%, FEG B ALIRIETE, I FER T A RO AT R . X —BLGE— S RS T AR R 43
PSP o W 1 B ) B R

UEAN, CPNP KR & A F & HIBUEERI(-NR,), BEE CPNP S &GN, (CPNP)PG X MG
(1 LB M PR, X ATREIH T MG ONPHES Ukl A7 IR AT, U BIE— e %A TR AT R
Tk, WA IEHA, fEF3(CPNP)G 5 MG HIE LR /7K, NI W I R k. s, RAH#E—
% (PFO) A1V — 44(PSO)Eh /14 M5 1%t PVAHG FI(CPsNP),PG WKt MG [ A7 Fsk AT L (1] 7, % 2),
ZERRW], PFO BRI SC R (R M T PSO B8, XKW MG MMM B/ A —Hah f12, DI
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Figure 6. Adsorption of MG by (CP4sNP),PG and PVAHG
6. (CP4sNP),PG F1 PVAHG Xf MG B} £

184 (@) PFO 184 (b)) PSO
]
16 = 1 164 [
147 r 14 y
12 A 124
* )
ao N %j) 10 4
B £
£ 8 = 8-
E
67 = (CP,NP),PG 61 = (CP,NP)PG
1 e (CP,NP),,PG i e (CP,NP), PG
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Figure 7. Simulation curves of adsorption kinetics of organic dyes adsorbed by PVAHG and (CPsNP)\G (a) PFO/MG, (b)
PSO/MG

7. PVAHG FA(CPsNP),PG I} MiFL # A LR AN MIEh IR #hZk(a) PFO/MG, (b) PSO/MG

Table 2. Simulation parameters for adsorption kinetics

2. IRMIEh D FEMSH

Pseudo-first order kinetics (PFO) Pseudo-second order kinetics (PSO)
Adsorbents
ki (min™") R? k2 (g'mg '-min™") R?
PVAHG 0.01300 0.98443 6.36139E—4 0.97513
(CPsNP)sPG 0.02612 0.99401 0.00205 0.9909
(CPsNP)10PG 0.01051 0.99771 4.92506E—4 0.99569
(CPsNP)1sPG 0.01228 0.99115 6.67865E—4 0.98846
(CPsNP)20PG 0.01715 0.99647 0.00125 0.99507
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Bt A = R B 2.
3.7. BAMREMR

K2 B A5 AL (CPJNP) PG E A BRI BIZ I RE . £ P A T (CPJNP) PG H & BER
Fedn, HA—AGF Dl g t, 0BT R, AN E A R D #7200 N B il s i
G, IR R, YIRS RKERRETE 30 B F46 AR & (] 8(D~(1V), % 3), FHHRITE
TLRIE G IR AR a It B, HBARAAPERE(E 8(V), Bl 8(VI). iXJHF T Borax 5 PVA KgAKk 11A]
-OH J¢-NH, [a] (i) E A28 S Zhas st ponl i, ik 7 R A7KEER A A2 B B 25],  [R]IN e
FRE Gt 5 A T R G 77 & SE (VI 3, X AT R SR R AE A i AR s T kb o T B 20 B CP4NP
TRNEZ, SEERESH R AR TR0 F 1 E e S PVA [RAHEAE L5 .

Figure 8. Healing effect (I, II, III, IV) and stretching (V, VI) pictures of (CP4sNP)10PG
8. (CP4NP)10PG B ARURE(, 11, 11, IV)FL (v, VDE K

Table 3. Healing time parameters
3. MARESH

Sample T1(min) T2 Ts Ta Ts

PVAHG 0.158 0.167 0.149 0.155 0.151
(CPsNP)sPG 0.313 0.356 0.318 0.320 0.335
(CP4NP)10PG 0.393 0.412 0.381 0.395 0.401
(CP4NP)1sPG 0.532 0.522 0.519 0.560 0.573
(CP4NP)20PG 0.812 0.843 0.897 0.876 0.889
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3.8. BE - RS HEE

i P8 AT A R A R AR TP T AT D PR B T B [26] [27 ] I EIFR, ARHIE Tl I R R
ARG R HEE [ (CPNP) PG E A B AT IRF I, 253 01E] 9 P, 4E 15°C (AT, URRlAb 2
AL IR E M SHE, THEZE 40°C I, MPRURAER] - A2, RBUDVIIE SR, Hi
B2 15°C Ja, BURHEPTIK ZEAAH, 20 5 GBI - R AIEI, MEHAZRI RIFIRRE

Figure 9. Temperature reversibility effect of (CP4NP)10PG
[ 9. (CPsNP)10PG B FTE LRI R

Figure 10. Effect of pH reversibility for (CP4NP)10PG
10. (CP4NP)10PG B9 pH AT {L IR E
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AL o R AR IR - VIR AR K T PVA 4 FBE RIS 30 3 B0 RS AR AR P
SR SV AR IS B R Zh A AR B o 2T TRV SR B (CPaNP), PG FE M B2 M 3 B 25 W) A | R e A SR A5 40
BB A VAR FANMA 28]

pH SUB A A2 WAL 51N pH i B 3 [ R 528291 [30]. 20 & 10 Fis , gk ik o446 32 F 19-NHa
NR; %5 pH MR E REHA], XF(CPsNP)0PG 7E pH v 4 1 8 HIZA FHATT 5 RAEHINR, S48k,
(CP4NP) PG H A EERAETRTE 26 A% N 2ITRAMAHPIRE, X058 FUONERYESAE T PVA MR FRE, HER
A ) A BN BB 2 B T M3 1], MAE pH DN 8 IRBRIE S AR, &I AR B FRA, s HE R k55,
TR S8 DA DY T A B Qe A AE, T 2 IR B A BRI . XA /Ui B T iEad =4 pH nl A &l
(CP4NP) PG A B I IE - AR AT 10 54k

4. &

KT LLSE B/ DMAPMA &4 K Bkl CPANP Al PVA JNJEEL, Ih#l4 T CS/DMAPMA/PVA
A ((CPNP),PG). iiid SEM. XRD Fl FT-IR FAER I, 9KBRL(CPNP)IIZ 5kt AL 72 5F
B 58 2B 5 T (CPUNP),PG H & HEHR 4. 75 MG WP SEERH, #H%T PVAHG (16.98 mg/g), (CP4NP),PG
5EE W B BE 1 (17.24 mg/g). AL, (CPNP)LPG E & BHR A AR M EETEGEGO s), ERE
(10°C~40°C)FH pH (4~8)MELI) F A T SR8 T &M - W vl ik, XM e RAT A A BRI R ME -

&5k
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