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Increasing Wood Permeability by Deep Eutectic Solvent Based on
Response Surface Methodology
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Abstract: In order to explore a green and efficient method to improve wood permeability, a deep eutectic
solvent (DES) composed of the choline chloride-lactic acid was selected as the treatment solution to
enhance the permeability of balsa wood (Ochroma pyramidale) . The effects of the mole ratio of the
choline chloride to lactic acid in DES,#n ( ChCl) in(LA), DES volume fraction, and treatment time on
wood permeability were comprehensively examined by the response surface optimization methodology,
based on the results of single factor experiments. The 1 h water absorption weight gain rate was used as
the evaluation index of permeability to determine the optimal treatment conditions. The test results

showed that the effects of the factors on the response value were in the order: DES treatment time > DES
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volume fraction > n(ChCl) : n(LA). The optimal treatment conditions were as follows: 1:10 n (ChCI) : n

(LA), 73% DES volume fraction, 6.6 h treatment time, and 90 °C treatment temperature. Under these

conditions, the 1 h water absorption weight gain rate of treated samples was 416.34%, which was

168.81% higher than the untreated samples. The results from the field emission scanning electron

microscopy and mercury injection test showed that the fiber cell wall remained intact, while a large

number of microscopic pores were generated in the middle lamella and the cell corner. There were cracks

between the ray parenchyma cells and the axially arranged fibers. The porosity of treated samples was

7.28% higher than untreated samples.

Key words: deep eutectic solvent (DES); balsa wood; wood permeability; pretreatment; response

surface methodology
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Tab.1 Single-factor experimental designs

AR AR B K I 52 158 %
n(ChCl):n (LA) 1:4.1:7.1:10.1:13 100%,6 h,80 °C
DES &A1 40/% 100.75.50.25.0 1:10,8h,90 °C

AEFEI [Al/h 4.6.8.10 1:7,100%,90 °C

AP E/°C 60708090 1:10,100%,7 h
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Tab.2 Analytical factors and levels based on response

surface methodology
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Fig.1 Effects of n(ChCl):n(LA) (a), DES volume fraction (b), treatment time (c) and treatment temperature (d) on WPG

K, AR K I R, H il TN
SMRIK A IR 122080, TEIRIK 1 b JE K 3
HRIRWIN LR, RIS 1 h WK Y 8 AT f5 4
R 28 Bk, BB R Reg, £
T % fF n(ChCl) : n(LA)=1 : 10. DES 1& 2 4> %
75%. ALFLEFE] 6 h F1AL BRI 90 °CHY, X441 h
WK 38 R By, B DES 3672 A0 3 20U R B 4T
2.2 WA S AR AR 2 AT
RAEE R RIS R, BT 1 h oK E
R A BRI B BTG 0, £ 90 CCALFIR LT
B AEB R, NIHEEE 1 = HE =Kl
%, {E90 °CILFE T it1T DES 4 ¥ . F|H Design-
Expert 13 {4 %56 $d s 34T Gt v -5 ST 434
WE AL DES BB AL HE 5 6. WG 45 R 3.
R 2 3 Ml 2k 47 2 ol H & 40 i, ESr T
BAThRKIEESR (Y,,) 5DES A T Z55
Z A IR Z IR AR, a2 s .
Y,,=426.05—4.13a—10.31b+43.64c—33.22ab
—3.7ac+1.79bc—68.4a>—59.66>—75.63c* (2)
Y 0T A A e A R R R AT R T % 4y
B, &35 TR4.

3 Box-Behnken MM HEIRIE H RS54 R
Tab.3 Experimental design and results of Box-Behnken

response surface analysis
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1 0 -1 —1 289.41 0.20
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3 ! 1 0 270.33 0.14
4 0 1 -1 230.45 0.42
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Tab.4 Variance analysis of regression model for

response surface

FERE TR ig s R Pl
A 86297.40 9 958860 13.73 0.0011 **
an(ChCl)in(LA)  136.62 1 136.62 020 0.6717
b DES AR5 850.99 1 850.99  1.22 0.3062
c AbFR R[] 1523472 1 1523472 21.81 0.0023 **
ab 441494 1 441494 632 00402 *
ac 5469 1 5469  0.08 0.7877
be 1274 1 1274 0.02 0.896 4
@ 19698.05 1 19698.05 2820 0.0011 **
b 14986.84 1 14986.84 2145 0.0024 **
& 24084.09 1 24084.09 3447 0.0006 **
k7 489029 7 698.61
AU 378574 3 1261.91 457 0.088 1
a7 110455 4 276.14
MiRE 91187.69 16 R’=0.946 R’ =0.878

W RIRIZ IS B AR OGRS, P<0.05 5 ** Ry %I 5 Bl R 56
FWEE,P<0.01.
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Fig.2 The interaction and contour of n(ChCl):n(LA) and DES volume fraction on 1h WPG
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Fig.3 The interaction and contour of »(ChCl):n(LA) and treatment time on 1h WPG
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Fig.4 The interaction and contour of DES volume fraction and treatment time on 1h WPG
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Fig.5 SEM micrographs of wood samples before and after DES treatment
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Tab.5 Pore structure parameters of wood samples before
and after DES treatment
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