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Technological Conditions for Softening Vitex negundo Twigs

ZHANG Xiao-yan, GAO Jing, LIU Qian-yun, ZHAO Li-juan
(Key Lab of Forest Resources and Forest Protection , Agricultural University of Hebei, Baoding, Hebei 071000, China)

Abstract:In order to search the Longitudinal bending performance of Vitex negundo twigs which being sof-
tened with different physical and chemical methods, and find out the best way to soften,mechanical proper-
ties such as bending strength, maximum bending deflection and modulus of elasticity of the twigs which in
the same span to diameter ratio and the similar diameter softened in different methods and different condi-
tions were tested. The results indicated that 1) when the temperature was 100 ‘C,treated with water for
2.5 h,the maximum bending deflection was the largest. 2) When the temperature was 100 ‘C ,treated with
10% NaHCO, solution for 75 min, the bending elastic modulus was minimum. 3) When the temperature
was 60 °C ,treated with 10% ethylene diamine solution for 1. 5 h,the maximum bending deflection was the
largest. 4)When the temperature was 100 °C ,treated with 20% urea solution for 1. 5 h,the bending deflec-
tion was the largest and the modulus of elasticity was minimum, which was the best softening condition.
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Table 1 Results of softening with hot water

(2)

L s i) RRBEE PR A P B
/C /h /mm /MPa /MPa
60 0.5 8.91 12 444. 44 124.57
1.5 16. 08 10 277. 37 100. 05

2.5 17.28 9 605. 15 111.98

3.5 19. 85 10 889. 19 107. 80

4.5 10. 62 10 036. 57 91. 21

100 0.5 16.73 7 512.09 83.04
1.5 21.88 9 123. 66 62.39

2.5 19.99 7 906. 59 70.05

3.5 10. 92 8 199. 20 53.94

T AR n=5,
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MR R 100°C B L AR B 15 min 19725 il £8 % i
K (18.39 mm) . {HHT 25 5 P A5 i 1 (E 4 55 5 75 min
) 25 i 4 B A/ (16, 62 mm) o {H H 25 3 5 i g /N
(3 H UL, A RE A% H1 W7 538 B 9 R fb 45 1. iF —
A 30 AR IR T LR 1L 10% NaHCO, %
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Table 2 Results of optimization scheme for softening with hot water

i I [h] BB MUERTE HUEEE

/C /h /mm /MPa /MPa

100 1.5 15. 81 7 878.12 78. 20
2.5 17.03 7.920. 95 84.46

W FEARE n=30,
%3 NaHCO; B AAEIF £ HERRNF I
Table 3 Results of softening with NaHCOj solution

i 2 I [l AL EMERIE PR
/C /h /mm /MPa /MPa
60 0. 50 9.26 11 994. 37 210.61
1. 00 9.92 13 053. 83 188. 41

1. 50 10. 18 8 937.25 126. 65

2.00 10. 61 9 597. 80 147. 29

2.50 14. 40 11 021. 90 143. 34

3.00 12.71 9 779. 88 135.23

100 0.25 18. 39 8 371. 96 114. 65
0. 50 14. 57 8 494.13 100. 60

0.75 16. 68 10 527.52 117. 64

1. 00 15.70 7 007.82 85. 36

1.25 16. 62 6 302.92 86.71

1.50 14.56 6 947.90 93.03

s FEAHON 5.
R4 NaHCO, BiRHL BB HI & N 245 4R
S0 B L 75 58
Table 4 Results of optimization scheme for softening

with NaHCOj; solution

T 5 Bif i) FEA RRBeE MR SR

/°C /min /A /mm /MPa /MPa

100 15 30 14.72 10 565.97 99. 29
75 30 14.02 8 400. 38 93.01

2.3 ZZBRARRNLLEIH K AFERAZE
MR R 60°C AR BLES[R] A 1.5 h B I S A S
iBe B kL ol 17. 49 mm, FLH0 25 80 Pk 4 0,
5 016.27 MPa(5& 5) . AR 7 I M e E T % .
2.4 REBREAALIESTH £ HZIEIRHNZ T
2.4.1 ARABTFAHEAFZRAFGT R H10%
PREVEW AE 60°CIHRE T, b3 2.5 h.3 h #f, 9 %
0 25 il 58 B A R (43 ) 18. 80 mm, 18. 69 mm) , H.#t
AR N (43 5] 6 787. 01 MPa.6 652. 11 MPa);
1E 100°CHEE N, 4 60 min.75 min B, 3] & 925
it B R (43 5] 21, 07 mm . 20. 72 mm) , HHi 25
REES/NCA 515 730, 94 MPa, 6 849. 09 MPa), Hi
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Table 5 Results of softening with ethylenediamine solution

i B i 7] RRBE LA U B
/C /h /mm /MPa /MPa
60 0. 50 10. 04 8 276.05 102. 59

1. 00 11. 25 5492.78 83.29
1. 50 17.49 5 016. 27 71.94
2.00 13.68 3 811.34 59. 55
2.50 11.12 3 198. 85 42.63
3.00 8.31 6 392. 60 64.75
100 0.25 12,22 7 537.13 95.23
0. 50 10. 81 6 364.96 83.61
0.75 12.19 5 046.42 73.07
1. 00 12.93 5 767.65 63.95
1. 25 10. 10 4 656.72 51.70
HL AR n=5,
K6 REABRFLLEFERRRLAOENH &K
N FIE AR

Table 6 Results of single factor experiments for softening

with urea solution

W 1 i i) WK PMERiRE BRI
/% /C /h /mm /MPa /MPa
10 60 0. 50 10. 65 10 824.06 155. 36

1. 00 16.17 6 362.82 84. 87

1.50 15. 34 7 298.16 101. 60

2.00 19.92 8 365. 94 90. 34

2.50 18. 80 6 787.01 73.80

3.00 18. 69 6 652.11 70. 86

100 0. 25 15.43 6 820.02 89. 26
0.50 15. 83 6 769. 35 67.59

0.75 18.09 6 013.70 72.53

1. 00 21.07 5 730. 94 75.57

1.25 20.72 6 849.09 73.65

30 60 0. 50 5.95 8 047.56 136. 32
1. 00 10. 85 7 945. 33 128. 21

1.50 9.32 7 452. 26 123. 47

2.00 9.71 6 295.09 102.12

2.50 8.53 8 212.56 139. 25

3.00 8.85 7 499.73 111. 26

100 0. 25 12.10 6 374.37 100. 17
0.50 15. 83 5 189.48 87.71

0.75 15. 06 5410. 21 82.54

1. 00 11. 64 4 802.72 62.52

1.25 15. 96 4 880. 45 64. 36

VE L FEAK n=5.
2.4.2 BATASIHEFAFHRAFGOY R ELIK
Bl 22 A A (36 DO T LUA I B N e oK e
TRV AR S 5 ) B A BN [A) R 2 VAR R ) R T e /N
LAH R RBEER BN R T ZHE R ABC,,
RYEEE 100°C S B[R] 1.5 h, ¥R BE 20 04 5 5 A 75 p s
PSR A 4 AR ABC L EIRE 100°C , 1
[ 2.0 ho ¥R 10% . 7F 3 ANPHZ v, 35 B X 3% 11
SR AH ] B0 BE 100°C st . I E 2y 1.5 h i,
AR TAPERCR L 2.0 h (98 H R KBEEW L 2.0 h
FR R o R 18 B 2 ) O D 2 25 it PR RE A 2 — TR
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100°CIREE T H 204 IR R iF W AL #EIR) 5% 1.5 h B,
e KB e R YU st/ A ab BRSO e fd: . 47
2 PR BE (A5 ) H5 /DN L e B I L A Ak A EE O 22 3
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Table 7 Results of orthogonal experiments for softening

with urea solution

R fit ] an'JE e e BRPeE st R
/h /C /% /mm /MPa

1 1.0 60 10 10.73 9 502.97
2 1.0 80 20 14.64 9 572.55
3 1.0 100 30 10.96 8 900.25
4 1.5 60 20 12.31 10 903. 32
5 1.5 80 30 17.25 6 723.38
6 1.5 100 10 22.86 6 102.49
7 2.0 60 30 10.18 8 631.15
8 2.0 80 10 13.85 8 213.60
9 2.0 100 20 24.65  5217.92
K1 36. 32 33.22 47.43 3123.58
K2 52.42 45.73 51. 60
K3 48.67 58. 46 38. 38
X1 12.11 11.07 15. 81
X2 17.47 15. 24 17.20
X3 16.22 19. 49 12.79

R(W25)  5.36 8. 42 4.40
K1 27 975.77 29 037.43 23 819.05 273 767.63

K2 23729.19 24 509.53 25 693.78
K3 22 062.67 20 220.66 24 254.78
X1 9 325.26 9 679.14 7 939.68
X2 7909.73 8 169.84 8 564.59
X3 7 354.23 6 740.22 8 084.93
RO ZE) 1971.04 2 938.92 624.91

8 REARARPULEBEZTKRIWIELER
Table 8 Validation results of orthogonal experiments for

softening with urea solution

Fif i) e W ERORBEE RMERLE B o
/h /°C /% /mm /MPa /MPa
1.5 100 10 22. 86 6 102. 49 75.57
1.5 100 20 24.54 5 334.68 74. 86

S R

54 JEE R R R A% i AR ROCR A B o
FRAR 2 — AR [R) B o LE AT $2 T+ A AR U5 i K
ROCR MG P2 5 R FQ SR AR B0 3P BT EE
19145 BR IR 25 il AR FE A RE 0. P SO T
RN 5 5z 2z, U P e et o PR, 25 thpe B R s
SR /IN L R T R AL o P EEOR  JR  RE R A

AL FAE AL B R R

DLIR) 2% S A 53 60 42 DN 2 A ) 255 5 B i 4 R R
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275 M BE B B K (24, 54 mm) L PUAS #PE R N, 4K
TR B . 4 A b B 32k bR 2R A By 9 Bk
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