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Abstract

This study was investigation of the change of fine structure of hemp cellulose at different
growing stages. The samples collected about every eight day were divided into seven groups
based on plants height, then they were numbered from 1 to 7 in the order of their height.

For this, the degree of crystallinity, orientation and crystallite size were measured by wide
angle X-ray diffraction method.

The esults of this experiment were summerized as follows;

1) The degree of crystallinity was increased by growth of hemp celtilose to be maximum
in sample 5~6. At this stage, the stability of crystals was showed in good states. In addition
to, crystallinity index by Segal, Turley and area method showed same tendency as Ruland’s.

2) The change of orientation was gradually increased by growth of hemp cellulose. This
result was correlated with the degree of crystallinity. Therefore, the change of orientation
depend on the degree of crystallinity.

3) On the other hand, the crystallite size was decreased by growth of hemp cellulose. But,
increased after sample 4. By the way, crystallite size was interrelated with growth rate.
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Table 1. Measuring conditions of X-ray diffraction

crysta-  orien- crystallite
llinity  tation size
voltage(Kv) 27 24 24
current(mA) 14 12 12
full scale 100 200 200
time constant 1 1 1
scanning speed (°/min) 1 2 1/2
chart speed(mm/min) 10 10 10
distance(mm) 180 180 180
slit(mm) A 1.5 1.5 1.5
B 1.0 1.0 1.0

slit A; divergence slit
B; receiving slit
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Table 9. Crystallinity as function of k and integration interval for different stages of growth of the

hemp cellulose

degree of crystallinity (%)

sample
number So~Se k=0 k=1 k=1.5 k=2 k=2.5 k=3
0.1~0.35 41.58 43.24 46.15 46.77 48.85 49.89
0.1~0.70 25.49 30.59 35. 69 38.99 43.33 47.15
1 0.1~0.90 9.2 13.06 15.45 17.29 19.78 22.63
X 25.42 28.96 32.43 34.29 37.82 _39.89
S 15.15 15.15 15.61 15.28 15.44 15.01
0.1~0.35 42.68 44.38 47.37 48.01 50,14 51.21
0.1~0.70 27.36 42.83 38.3 41.86 46.51 50. 61
2 0.1~0.90 16.61 23.59 27.9 31.22 35.71 40.86
X 28.88 33.6 37.85 40.36 44,12 _47.56
S 13.1 10.42 9.7 8.5 7.5 5.8
0.1~0.35 53.76 55.91 59. 67 60.48 63.16 64.51
0.1~0.70 25. 66 30.79 35.92 39.25 43.62 47.47
3 0.1~0.90 15.23 21.63 25.58 28.63 32.74 37.46
X 31.55 36.11 40. 39 42.78 46.5 49.81
S 19.93 17.75 17.48 16.22 15.41 13.68
0.1~0.35 63.8 66. 35 70.81 71.77 74.96 76.56
0.1~0.70 21.49 25.79 30.08 32.87 36.53 39.75
4 0.1~0.90 22.86 32.46 38.4 42.97 49. 14 56. 23
X 36.05 41.53 46.43 49.2 53. 54 _57.51
S 24.04 21.75 21.52 20.19 19.59 18.44
0.1~0.35 54, 84 57.03 60. 87 61.69 64.43 65. 81
0.1~0.70 25. 06 30. 07 35. 08 38.34 42.6 46. 36
5 0.1~0.90 22.14 31.43 37.19 41.62 47.6 54,46
X 34.01 39.51 44.38 47.22 51.54 _55.54
S 18.09 15.19 14.32 12. 64 11.44 9.77
0.1~0.35 64.5 67.08 71.59 72.56 75.78 77.4
0.1~0.70 28.44 34.12 39.81 43.51 48,34 52.61
6 0.1~0.90 25. 24 35.84 44.0 47.45 54.26 62,09
X 39.39 45.68 51.26 54.5 59. 46 _64.03
S 21.8 18.55 17.65 15.76 14.44 12.51
0.1~0.35 60. 52 62.94 67.18 68. 09 71.11 72. 62
0.1~0.70 25.46 30.55 35.64 38.95 43.28 47.1
7 0.1~0.90 29,26 41.55 49.16 55. 0 62.91 71.98
X 38. 41 45.01 50. 66 54.01 59.1 63.9
S 19,23 16.47 15.82 14.59 14.3 14,5
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‘Table 3. Degree of crystallinity(%) and disorder
parameter

sample degree of disorder  crystalline
number crystallinity parameter cellulose

39. 89
47,56
49. 81
57.51
55.54
64.03
59.1 2.5

N O W N =
W W w W W w
e T R

"Table 4. Means of D.C. or C.1. obtained by four
methods

Sample Ruland  Segal  Turley  area

1 39.89 41.64 62.5 31.8
2 47.56 42. 68 63. 64 33.66
3 49.81 50.83 66.91 40.5
4 57.51 53.05 70.8 43.67
5 55. 54 51.11 67.68 45.02
6 64. 03 56.15 71.79 43.58
7 59.1 51.55 68.71 41.25
Table 5, Degree of orientation
:sample number Miller 1 ¢ 1/2 1/61/2
1 040 5.3 0.188
2 040 5.1 0.196
3 040 4.95 0.202
4 040 5.0 0.2
5 040 4.81 0.207
6 040 4.8 0.208
7 040 4,57 0.218
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Table 6. Crystallite size(A) in different stages of
growth of the Hemp Cellulose

sample Miller

number Index Peak 0 A b
1 040 17.58 0.017 82.34
2 040 17.58 0.019 81.19
3 040 17.58 0.018 79. 81
4 040 17.62 0.019 78.54
5 040 17.67 0.019 79.45
6 040 17.58 0.020 80. 84
7 040 17. 60 0.017 81.25

Table 7. Crystallite size(A) and the growth rate
of the hemp cellulose

sample growth rate crystallite size
number (dh/dt)

1 —_— —_—

2 3.17 81.19

3 2.55 79. 81

4 2.07 78.54

5 2.3 79.45

6 2.8 80. 84

7 3.25 81.25
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