Hans Journal of Chemical Engineering and Technology #4232 5+iR, 2025, 15(3), 140-150 Hans i
Published Online May 2025 in Hans. https://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2025.153013

UVEML B R P ST AR
EEVERK
4 BERF R

W, 3 K, WS, MARKLZ - LY
WL R b Ak T2 b, H8E k5%

Woks . 20254F4H11H; FHER: 20254F5 140 & A HM: 202545 H23H

HE

BREREBEAETARN-3-FBHRE)RIEBRE (HPAA), SEEEEARI B TESR T AMAESHEN
BB R R RIASPAA. RETEL LR T XTSPAAFEAT R E LB R E S YISPAAP. WTEEME
A8 R IEIRE HE ((H-NMR) R LA 63 (FT-IR) & 5 B T RIE . 85N B YISPAAP B Ak
EE. TBE. BEEA. BE. Wk, WERRMRAT RLE N REMEETIR. SRR XE
LR A WISPAAP (1)~(5) IR BB R (97~99%), FEHBMLERERE . XBE. EH. BE. WK
P IWERBRAEATT WGBS R EM A LRI R KPR EWSPAAP (1)NTEE & & (1H), SPAAP (2)
] ROEE IS R B (92%), SPAAP (4) B BIFHIM/KIE. MERIEME, SPAAP (5)MBEEE TR ER
H(212.01C)%,

KA

WIRBLE, KADCELL, FHREREY, ke

Synthesis and Properties of UV-Curable
Organosilicon-Modified Acrylamide
Polymers

Shuai Huang®, Bo Liu, Pingchang Sun, Abudureheman Wusiman*

College of Chemistry and Chemical Engineering, Xinjiang Normal University, Urumqi Xinjiang

Received: Apr. 11", 2025; accepted: May 14", 2025; published: May 23, 2025

i (-
FHERERE

XEFIH: FHI, Xk, IVEE, FIARERE S-S uv B G YU SO R RSB T R S A B M RET T ).
2 TR SR, 2025, 15(3): 140-150. DOI: 10.12677/hjcet.2025.153013


https://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2025.153013
https://doi.org/10.12677/hjcet.2025.153013
https://www.hanspub.org/

N %

Abstract

Firstly, N-(3-hydroxypropyl)acrylamide (HPAA) was synthesized under low-temperature condi-
tions, and five acrylamide-type organosilicon prepolymers (SPAA) with different structures were
synthesized from HPAA and chlorosilane by a simple method. Then, the SPAA prepolymers were
photocured under an ultraviolet light source to obtain the polymers (SPAAP). The prepolymers and
polymers were characterized by methods such as proton nuclear magnetic resonance (*H-NMR) and
Fourier-transform infrared spectroscopy (FT-IR). Finally, the properties of the polymer SPAAP, in-
cluding glass transition temperature, crosslinking degree, adhesion, hardness, water resistance,
acid and alkali resistance, and visible light transmittance, were tested. The results showed that The
photocured polymers SPAAP (1)~(5) all exhibited high crosslinking degrees (97~99%) and demon-
strated excellent performance in multiple properties, including glass transition temperature, cross-
linking density, adhesion, hardness, water resistance, acid/alkali resistance, and visible light trans-
mittance. Among them, polymer SPAAP (1) had the highest hardness (1H), polymer SPAAP (2) had
the highest visible light transmittance (92%), polymer SPAAP (4) had the best water resistance
and acid-alkali resistance, and polymer SPAAP (5) had the highest glass transition temperature
(212.01°C).
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1. 5|8

BHMEE AR — PRI RS RE E AL TR A A B E R[], K57 RV a4 R A R
G MEW BT R R o XM X AL IO AR T2, AT DU SR 4l [ A 54 TG 75 i #4 H
R 1) PR gl m A e B A [ 2], AT A il 2D 26 = st TR RN RE YR T KB . AN ks, R AME A A RHA R A
AT BT WA, AR OIS S B [mI s> 17 A AR [3]. Rk, SRAMBRE AR & — B &
“SE” JEI, BImAre R (Efficient)s £k R (Enviromentalfriendly) N %) (Enabling). £HF K AA
(Economic). 9% fE & (Energysaving) FI2E = 720, FEIREH4] BOKGFI[S]. 3D FTEIR RL[6]. HF 2 M Kl
(715546 AT b b B T i B B FH A 5

WIRBEIZ RS RA — @R TERE[R], ) 2 M TS dBiia[9]. BRIy DA[10]. KGR
[11]. REEFI1215 771, ARG 5 1T B SEM B AEE R 1) 70 % e Re BBk, 0. Bl
e, %R, WRMEZESE[13]. FN, GHEEAEYE MRS TERTRE . RIRZFIE. By
GME NI A TREPE L BRI A 2R A D T e B IR R I RR 14] . EURAE FH A LR
P DR I I Je 284 3R 9 347 S A A ORI e 4D o AR ST DATA s o U 3 -2 k- T B AE AR 2% 11 T A i
193] N-G-FRN ) NI (HPAA) [15]; FFLL N-(3-F5 £ K= ) A I B e RV AS [ 68 44 11 U Joe oy s b B 1
BNEBT RS, AT ANFERITEEAE SPAA (1)~(5); SRJGIEE SN #HT BALE S 7 A PSR
I AL AR G ) SPAAP (1)~(5), HAMBEEWE 1 . mA&NIK T SPAAP (1)~(5) B
AURSE . B M ISR AVERERE . MK, WERERME . AT OB R PERE .
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Figure 1. Preparation of light-curing polymer SPAAP
B 1. XELREY SPAAP BIHI &

2. SEI§

2.1.

2.2

2.3.

FEER

PIIHIEE: 98%, 20N 7 ;
3-FIE-TEE: 98%, i #;
=M 99%, Bk FL
ZHRS RS 99%, BiAIDHT;

= HE R 98%, BIAIL
SRS RS 98%, BIAILHT;

AT FE IR GUERE: 99%, Bk i
FUSTE) RIS 98%, Bl ik Fh i)

(2,4,6- = HF R LI — R IEABE(TPO), 99%, EfEEZ.

FENHFRIEE

MiRE LRI : AVANCE 400, Ah€ st 2s 4 R A F
LAY : TENSOR27, A siitibixss A PR A H;
LAMER: UVSFRIT, bR BEHAH TRHEFRA A

H2C:C_

0=0

NN
H o~ H '

SPAA (64~81%)

SPAAP(1): R'R% = Me
SPAAP(2): R' R? = Et
SPAAP(3): R'R% = Pr
SPAAP(4): R'= Me,R? = t-Bu
SPAAP(5): R'= Me,R? = Ph

ERFRERASP: HNB-DSC300C, B[54 EACRERA A ;

TFRRAEM BN : QHQ-A, WL 41 B BR 2 7 ;
AN AT JLAYYEYeEE 1. Hitachi U-3310, HILAHA .

KELRSMHIE

2.3.1. [F8 N-G-ERE)ABERRHPAA) R &
10 g (110 mmol) )RS fR T 50 mL THF, 16.6 g (220 mmol) 3-Z - R T 120 mL THF, 4y
G ZE-40C; 3-ZEE- BN 250 mL = HU0H, AT, BB TR, SIS T1E
FEMWRESE, 1M, 0.5h Z2AWINEE A IINE Sk KR HIE-10C A4, &R 2h: R
S50E, IR T REAARR 2R, IR BNRE COEVIAE 1141 g, 775 80%.
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2.3.2. FRER{F SPAA K&

K5 100 mL AEGE AL A TR, 8 RAEUSER: RS 0AIA 1.1 g (8.8 mmol) N-(3-F2 I 25) 4
IHWEIZ(HPAA)V 1.3 g = 2%, RT 20 mL PUZRIE ; S8)5K 8.8 mmol [ 5UREEVA iR T 10 mL 1Y
SO h LR VKV T A TR ) B S N 88 s S KSR B -5 C RS I 24 ho SRISZEIR, TReAE KR 227
DUk, 6 AT BUAM, S RIBRIR AR R = WA K TR =R, KRR T
W, TEAS ST AT B R L B WIS TR AR SPAA ()~(5), 775K 64%~81%.

2.3.3. XEHREH SPAAP HIFI&

EER T, 2Rl A SPAA (D~S)FMA 1%F5%5]1 KF TPO, TE#eskt Nk, Bi)S, K
BRI BRI RS, IR 100 W EAMEIEGK 360 nm)ZEREES 10 em (67 B #EATEL. MR SR
ik, HHFRBEMER. WRRICHE B EATR, WRAREL DTS, RS T E A TE[16].
Wifs, HMERAWET SOCHIESHEEPHATHE, DEBHPLESM, HEARAaaETAEHN
[ A& EE AR A ) SPAAP (1)~(5)-

2.4. tEREMI

2.4.1. BB TR ERNR
FRE: 15 mg BAVIFE S, 7RI 3% 5 B 52 L7 A B M s Z A E RO I (DSC) A
WEWN 50 mL/min. JHEIEZ N 10 K/min, 7E 35°C~250°C X HE b BT 340 352505 5 1R

2.4.2. ZTEXE R

IR EFR GB/T 36965-2018 [17]f771%, FREAZELHTEHIFEM 5 mg~10 mg NG, ZoR &
S HTHAX(DSC)I AR E TN 50 mL/min, FHEEZ A 10 K/min, {E 25°C~225C 5B FE ST,
IR N AT HH AR BB G

Hi—H>

- 1

PL_E A SONAE B 11 5 (Calculation of the degree of crosslinking).
v e

G—— W, FE R,

H\——RAZFE RIS, AN Jgs

Ho—— 38R i R R BIAME, AN Jg.

2.4.3. HEHRIK

IR EFR GB/T 9286-2021 [18]1773%, K EIAAAE i R 1R FH 26 LTI A% 1 mm x 1 mm /)
B, /AL E R E 3 M AT R BEHEH 2S5, BL 60" 1A E DU 5 Ry, WS [ AR 2R T O S AR
HEM A 2.

2.4.4. TEEERYIM

TR E bR GB/T 6739-2022 [1913EA TR o K [ 4B it [8] 52 75 25 A28 PO P A R, 203 218 4
#E, MRYEREN 6 B~6 He
2.4.5. 7K MEAYMER

2 W8 EAs GB/T 1733-1993 [20]3FA 7M. K [ A4 KE i 52 BN LB 77K 48 h, -8 Wi 42 [E A FE
EEIE

G x100%
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2.4.6. TRERRE 4 AR

1R BR GB/T 9274-1988 [21THEAT IR . 4 S0KF [ (B i 52 B2\ 10% NaOH ¥, 10% HCI ¥
i 48 h, TSR [ AR T -
2.4.7. AT LRIETERNR

FEAH [ (R A 5L 45 81 JEL R K /N AR (] (9 S RS B A o, S FH S8 40- ] L3 66 FETHAE 400 nm~800 nm Y [#]
TFREAT R G I R .
3. ZER5i1ie
3.1. B HPAA HEHIRIE

Kl 2 Bron N JERE HPAA (19 THNMR B &, B 2 mT Al & sk HPAA . Hh 46200 #4H (8/ppm)
fE 8 = 5.5~6.5 ppm I =ANZ Hi&JFE T CH=CH, 5~ 7.1 ppm HJHIEJET-NH-, &= 4.1 ppm I IE)E T-

OH, LA BMHLE §~3.7 ppm I =FIE. S=3.4ppm VY FEIE. §~ 1.7 ppm 1L EIE 5 5 & T -NH-Fl-
OH [H] /) =/ CH,.

7.26

Figure 2. '"H NMR profile of raw HPAA
& 2. F& HPAA A9 'H NMR [EiZ

3.2. TREE{E SPAA ROLEHIFRAE

3.2.1. BHHRSIE(H-NMR)

] 3 TSR SPAA (1)~(5)H "TH-NMR i &, H &l 3 Al EHR A& SPAA ()~(5) Tl I& e, HAb Y
RIFEABAE 8~ 5.5~6.5 ppm I =ANZ EIEJR T CH,=CH, 7£6~3.7 (=HI&, §~34 [FIUHEIE. §~1.7 K
FLHE WS 38 F-NH-FI-OH [H[f] =4~ CHao TR SPAA (1)~(@) I i 5 Si A& F b st S b 22 R
7£ 0~1.8 ppm Z [], THERAA SPAA(S)5TH 5 Si AHE R ZRIEE AN 7.3 ppm~7.6 ppm Z [A]
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Figure 3. "H NMR profile of the prepolymer SPAA
[ 3. TAZR{A SPAA 9 'H NMR [Eli

3.2.2. I9MKIE(FT-IR)

Bl 4 TR SPAA (D)~S)MIZLAME B, HHIE 4 ATA1, 1100em™ 424 Si-O R 4R3I, Xk B
TR SPAA MIEINA G 3300em ™! 4bA N-H #1454 3004, 3080 cm ™! A AR C-H B I 4
PRBNE, 1700 cm™ 4bJNy C=0 BE(ENZ) IR AEHRENIE, 1620 cm™ 4b2y C=C B AF IR B4

NH C=0 1 C=C 'Si-0

71 %

4000 3500 3000 2500 2000 1500 1000 500
P H/em™!
Figure 4. Infrared spectrum of prepolymer SPAA
[ 4. FAZR{AK SPAA MULISMNEITE
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3.3. B2AH) SPAAP HZEHIRAE

K 5 AEREY SPAAP (1)~(5)ILLAME K], HIE 5 %1, AW SPAAP (1)~(5)7E 1625 cm ™ &b ) C=C
B AR PRI 2 A TH 2%, (E 3100cm ™" Kb FIANHL AT C-H 4 0 {e 205 41 B W W AL 58 B G A IR0 R 2 P BTG
XA AR BTR AR ) C=C BEEI6T] KA TPO AFIEAIE T, RGN RARA R AEBOG AR A
SPAAP (1)~(5).

3100cm™!! " 1620cm’
U 1
SPAAP(1)

1 |
: SPAAP(2) \!

[N TSPanre) W /W]
I

| I
! SPAAP(5) | !

/%

1 L L 1, L
4000 3500 3000 2500 2000 1500 1000 500

W Hy/em™!
Figure 5. Infrared spectrum of polymer SPAAP
[ 5. BAY) SPAAP HILIINEE

3.4. BAH SPAAP BIZELE

MEEEW) SPAAP (E[EALHT G 19 DSC 234 EI(LAE] 6 Jfsi) nl LLAS 21 5 S W S AT 5 B RS AE Hy A1
RBFEE Hy, AR RIREY SPAAP HIZZHKE Go & HURMALHE L1 T (100 W, 1%TPO) AL
SR RS IR BE L B SR A 4 1 AT, BRE ) SPAAP (1)~(5)IZZIRIE G B R FRE 7K (97%~99%) ,
BN EHME R BB TR E I = 4EM 28 25, HER SYIRISS N TR A — E KIS . 257 SMAAP(3)A
A B IS HRE X2 R a1 v B = I R S5 R B s 1) A BE AT ABEAT 7870 A S U

SPAAP(2) 141.48°C
\\\'—//'7_”—
= 0.95J/g
% NSPAAQ)+1%TPO v
O
Z 32.850/g
5‘0 1(‘)0 L:)O 2(‘)0

RRE/,C
Figure 6. DSC spectra of polymer SPAAP (2)
& 6. E244 SPAAP (2)HY DSC it [E
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Table 1. Crosslinking degree of polymer SPAAP
1. BEY SPAAP HRBLE

K& THE G
SPAAP (1) 98%
SPAAP (2) 97%
SPAAP (3) 99%
SPAAP (4) 98%
SPAAP (5) 98%

3.5. B SPAAP BORRES AT

w7 iR, EREY) SPAAP (1)~(5)#AA B AL R IE I T, &R EW B A2
TR T B3 72 57(76.5°C~197.8°C), X B INGE L5 0f A e AR BE R U e VEAE o VB R = 1 2k
ZEEY SPAAP (3) I SR IR AL AR IR (76.5°C), 32 PR e 6 1 2% (R & P 1k S 880 AR
W, T IBE B ARG N A, MUBEDRUT 2R R G0 SPAAP ()R EE NI ) K54 SPAAP
(5) IR AL B AR 52 5 25 v, U WD IR AR R A A v P2 S AR AR T 3 B A ) 2 R L PRGN, BELAS T
DT HIBEBLEE) . WA AL PR 734, X LR = WL SR &1 SPAAP (1) 5N = L3R &
Y1 SPAAP (2), FEHEKEIE (138 B AE K FTJE L I SRR R BT B AL AR L, T SR B K 2 PR A
BRI o F 745 R W, et 2 (A 44 784 55 W PERFAE AT AT ORI M R BB AL AR IR E , HER G4 SPAAP
(1)~(5)FH LT L AR 28 FP ik A A TR P B2 2R 5 D[22 1 3 DI L B (R i AP E

SPAAP(1)

\ 104.5°C
S

£AAR2) 140.9°C

SPAAP(3)
w
%APM)

SPAAP(S)

N\

196.0°C

50 100 150 200
i JZ/°C
Figure 7. Glass transition temperature of polymer SPAAP
7. BEY) SPAAP WIIEUE TR

DSC/mW

3.6. BBAY SPAAP AT WiE T H
K 8 B NE AR AT WGE L ZMAR, B 8 nl%n, AW SPAAP (2) B A i I n] WotiEL K .
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BTG SPAAP Q) B A I 90% M B, A RESCIL KT 92% AT WotiZE i #4(450 nm~550 nm). iX
ST PR A AN B PR AR AR S 1 i A R A7 A T DA B G 22 1 e, 80 185 BOHE BN RA L, LR

ST EE EARMERE D, BUDIRCRT WO, BRI T A R IOEE IR . RAEY) SPAAP (3)HIACEREE A
99%, = ACHRIE SR TR FEA R IR A, ORI R AP AT W& %(68%) -

95

N
QF 80
»
%) 75

20 SPAAP(4)

SPAAP(3
65
60 L L L
400 500 600 700 800
HAK/mm

Figure 8. Ultraviolet-visible spectrum of polymer SPAAP
B 8. AW SPAAP HYEINAT Witk

3.7. B SPAAP HyH 148

2 NERAEY) SPAAP (D)~S)MIEEREE . P 70 WKk M BRI e Mk, e 2 nfAn, URE
Yoy R RS HIAN ], M REAEAERCR 22 7. TG W) SPAAP (1)K Ay fsc i M ik [4] = W L (A7 7E, A
oy TIRHESIE INE %, TERCT MU = dE M2 S5, 530 H 35 v AR A B (LD RO R 1 o 4 % oy s P
SAHIBUT JEBT, A SPAAP (4)FR I H T BT I BRBRIERE, X2 B TR0 T BE X PR & 44 15 & 1)
RS IS R R, 3RS 7SS A E M. o TR &%) SPAAP (2)H1 SPAAP (5)HH T AHXT UK
MR, 4> TS5 M HE AR 1T 5 B L, MWEWT&ﬁmm&M@m,@mmlkﬂ%M$Tm
E IS 71(-2).

Table 2. Pencil hardness, adhesion, water resistance, acid and alkali resistance of SPAAP

32 2. SPAAP RUSRERERE., MiEH. Mok, TERWME
TERE

s BT {iE<¥] i 7K P i F 8 © i s A4 ©
SPAAP (1) 1H 0 WKk RA T Pan:id
SPAAP (2) 6B -2 WK RA Pan:id Vinil
SPAAP (3) 6B -2 WK RA Van:id wKE A
SPAAP (4) 6B 1 KR A A A
SPAAP (5) 6B -2 KR A il g1
T o5 mL ZRMHAKE IR CATG IR 48 hy °S mL 10% 3R BRVA VR IR BECAT I, I IA] 48 hy o5 mL AU AL BV

IREECAFTE 1) 48 he
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4. g

AR PR T N-G-FRHE) MBI (HPAA), 5 [FIS5H (Gt & BT TR [ 2546 (1 75
I B DL TR & SPAA (1)~(5), fEHIDGEIKR TPO sl EAME LA 2] 1 HHBL ) 2R &%) SPAAP
(D~(5)s BAW SPAAP (1)~(5) AT IR BE B 51 (97%~99%), TEBRIRALFE AT RE . B 0. WRE L iRk
T FR Bl 1 A S ] WL i 5 M i T R I R4 . AN [R5 M R TR ARAE o AR A, & T HES i 22 58
2 HUT RN R EMEY B 2 EVE R T A PR ASE - Lo lun: SRA% SPAAP (1) F& 0 H f s 1A £ (1H),
SPAAP (2)[) ] Wi i % 55 55(92%), SPAAP (4)EA i I BRBIE, SPAAP (5) M3 10 5% A% i ¥ e
5(212.01°C).

E&WE

SHTSEITVE K 2 KA G AL N 25K H (x202310762127); 45 Fh TV i BHRVE & K HE B G
SERILAA TR, THZS: 601001000101).
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