SY/ = A S Vol. 38 No. 3
252 Journal of Functional Polymers 2025 4F 6 A

XEHS: 1008-9357(2025)03-0252-10 DOI:  10.14133/j.cnki.1008-9357.20241105001

R E R R LR AT FERBEAIE

@y, RIALL, AKX B!
(1. BT kFoufds T£5%, /M 310018;
2. BAX B FREWAEFEFAFSEFLE SR T, L 8% 312000)

W OE: AR iS4 (LiBr) £AKE A A (DES) P 42-38 & F ¥ F B AL du ) & & fE A 5 £ 1 36
B0 AWM 4, VAR AL Fo A HUBR X T AR 6 AR R Rl B9 AR IR AR A o a8 ad B BRI A £
ERAB-ARATEH(B-ME)AZ(ZERANSFLGAETI, %) BE BRrRL(FERE(g)5HEAN
HAmL)ZW) N FEREARORRERER ST Ha, KA ELSFLHHEMY DES
R %, i3t Kamlet-Taft & 7 /L 2 & A B0 & F 36 45 & F TP B o 47 81042 £ 4K
BRI FZ NI BARIAE A G F R EBIA . S REY, LiBr-L =B (EG) K 28 £
XBEEIRFFLAZTONANRSEHOTER, TR FENFGALERNL, FIFL G BMMEH,
Z n(LiBr) :n(EG)=1:4 8-ME 1 &4 6% i % 4 85 C.E & 1:20 % fE 8 1A 4 0.5 h 49 &
AHT,FERAAZORIEN58.58%, T FEE P A 4.50x104~6.62x10%,

XK 2k, TN, B, Ta5; KEBER

RESES: TQ413.24 XEAFRERD: A

Dissolution of Wool by Lithium Bromide Type of Deep Eutectic
Solvent and Its Mechanism Analysis

LI Ruipeng!, SONG Kaili!?, QIN Daen!
(1. College of Textile Science and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. Key Laboratory
of Clean Dyeing and Finishing Technology of Zhejiang Province, Shaoxing University, Shaoxing 312000, Zhejiang, China)

Abstract: The complex hydrogen bond network in wool was deconstructed using the coordination mechanism of lithium
ions and bromine ions in a lithium bromide (LiBr) type of deep eutectic solvent (DES). Six different deep eutectic solvent
systems were designed and synthesized with lithium bromide and organic alcohols. The DES system suitable for efficient
dissolution of wool was found, and the effects of solvent type, reducing agent f-mercaptoethanol (f-ME) dosage (the mass
ratio of reducing agent to wool), temperature, solid-liquid ratio (ratio of wool mass (g) to solvent volume (mL)) on the
extraction rate of keratin and molecular weight were investigated. The DES system's weak interaction force were analyzed
using Quantum chemistry theory simulation and Kamlet-Taft solvatochromic parameters. The dissolution mechanism of

lithium bromide in wool was analyzed. The results showed that the LiBr-ethylene glycol (EG) system could maintain the
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integrity of the internal structure of wool keratin to the greatest extent, break the hydrogen bond network in wool, and realize
the weak damage deconstruction of wool. Under the optimal conditions of n (LiBr):n (EG) = 1:4, f-ME dosage 6%,
temperature 85 °C, solid-liquid ratio 1:20, solution time 0.5 h, the extraction rate of wool regenerated keratin was 58.58%,
and the molecular weight was concentrated in 4.50x10*—6.62x10%.

Key words: metal salt; molecular simulation; waste treatment; protein; deep eutectic solvent
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Table 1 DES ligand and its composition

HBA HBD n(HBA):n(HBD) Property
GA 1:2 Acidity
EA 1:4 Alkalinity
EG 1:4 Neutrality
LiBr
1,3PG 1:4 Neutrality
1,4BG 1:4 Neutrality
1,5PDO 1:4 Neutrality
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Fig. 2 Effect of DES systems on (a) extraction rate of keratin and (b) molecular weight bands
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Fig. 4 Effect of temperature in LiBr-EG system on (a) extraction rate of keratin and (b) molecular weight bands
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Fig. 5 Effect of solid-liquid ratio in LiBr-EG system on (a) extraction rate of keratin and (b) molecular weight bands
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Fig. 7 FT-IR spectra of regenerated keratin
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EG R Z 75 1) 55 T A 25 1 A &R 00 55 AH LA FH 0 A TRl i, Litid o B 1 FH RS 3 B A 2 IR IEHES, EG il
SR p TR S, MR EELITR, (2 2P s S 1) p R R4S K, AR TP iR .
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Table 2 Secondary structure distribution of keratin

Content of secondary structure/%

Sample
p-Sheet a-Helix Random coil S-Turn
Urea 64.66 19.27 5.44 10.63
LiBr-GA 65.87 8.19 25.94 0
LiBr-EG 67.93 22.01 6.68 3.38
LiBr-EA 65.58 12.48 1.96 19.98
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Fig. 8 XRD patterns of regenerated keratin
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BB 45 ;o LiBr-EG>LiBr-EA> LiBr-GA, H. 4 LiBr-EA 0.15 1.29 1.65
A Z Bl B JEEE 1S 0, H: DES B 22 B0 ks LiBr-EG 0.11 1.72 170
oo K PRI TR . 454 A1 3C DES /R R 4% LiBr-1, 3G 0.10 1.69 1.68

WP 2 B A A 3 R SR IBCR AN 23 14, B A/

AR 2% B3 6 5 6 A 2 BRI AR R BB, T oo iR U
N3l A DES R £ X B A 8 A AR I A B B
HK, DES 732514 Ji] il ) 7 2= 4 P K, B ) S BR3P AR B

LiBr-1, 4BG 0.18 1.63 1.55

LiBr-1, SPDO 0.33 1.49 1.34
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Fig. 9 Hydrogen bond binding energy for keratin model compounds
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Fig. 10 Intramolecular structural states of different DES systems
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Table 4 Intramolecular hydrogen bonding binding energy for different DES systems

LiBr-GA LiBr-EA LiBr-EG LiBr-1,3PG LiBr-1,4BG LiBr-1,5PDO

Type  Serial AE/ Serial AE/ Serial AE/ Serial AE/ Serial AE/ Serial AE/

number (kcal'mol ') number (kcal'mol') number (kcal'mol') number (kcal'mol') number (kcal'mol') number (kcal'mol )

Br—H 21 —9.782 122 —6.918 68 —8.242 118 —4.206 89 —7899 92 —8.286
Br—H 22 —9.781 124 —6.051 60 —6.703 117 —7.820 97 —6.263 128 —5.952
Li—0O 41 —9.785 90 —11.789 55 —10.558 110 —10.398 103 —10.935 102 —7.096

Li—0O 31 —6.324 108 —9.022 69 —12.008 130 -9.907 117 —11.684 135 —8.903
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