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ABSTRACT

The new alkali pulping process combined with electron beam treatment was applied to utilize hemp bast
tissues as a new valuable fibrous resource. Hemp bast tissues have some chemical properties with high
lignin contents and holocellulose not to be defiberized by alkali pulping only, compared with the bast tis-
sue of paper mulberry. To make up for the weakness of traditional alkali pulping process, electron beams
were directly irradiated into the swelled bast tissue of hemp in NaOH solution and distilled water, and
then facilitated the defiberization of hemp bast tissues. The papermaking from hemp bast fibers manufac-
tured by the combination pulping process showed good apparent density, formation structure and air per-
meability, and had some mechanical properties with lower tensile, tear, burst strength and folding
endurance. It is finally concluded that the combination pulping process with electron beam treatment
could be suggested a new alternative for non-woody fibers.
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Fig. 1. Bast tissue of hemp (Cannabis Sativa L.).
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Table 1. Alkali pulping conditions
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Active alkali

Cooking chemical .
& concentration, % as Na,O

Liquor to wood ratio

Cooking temp., C ~ Cooking time, hr

NaOH 15, 20,25

8:1 100 2,3

Table 2. Pulping methods with electron beam treatment

Pulping conditions Remark
* cooking with 15% of NaOH for 3 hr AP-1
Traditional alkali pulping ~ * cooking with 20% of NaOH for 3 hr AP-2
* cooking with 25% of NaOH for 3 hr AP-3
* electron beam treatment (200 kGy) after soaking in 15% of ESA-1
NaOH for 24 hr, then cooking for 3 hr
Electron beam treatment after * electron beam treatment (200 kGy) after soaking in 20% of ESA-2
soaking in alkali solution NaOH for 24 hr, then cooking for 3 hr
* electron beam treatment (200 kGy) after soaking in 25% of ESA-3
NaOH for 24 hr, then cooking for 3 hr
* electron beam treatment (200 kGy) after soaking in distilled EDA-1
water for 24 hr, then cooking with 15% of NaOH for 3 hr
Electron beam treatment after * electron beam treatment (200 kGy) after soaking in distilled EDA-2
soaking in distilled water water for 24 hr, then cooking with 20% of NaOH for 3 hr
* electron beam treatment (200 kGy) after soaking in distilled EDA-3

water for 24 hr, then cooking with 25% of NaOH for 3 hr
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Table 3. Chemical composition of hemp bast

fibers
Chemical compositions Contents, %
Extractives, cold water 3.89
Ash 5.29
Holocellulose 80.54
Lignin 9.27
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Table 4. Pulp yields o hemfp bast tissue according to alkali pulping conditions

Class Alkaline pulping conditions Yield, % | Std. Dev.
* cooking with 15% of NaOH for 3 hr 59.72 1.5
Group I | * cooking with 20% of NaOH for 3 hr 56.90 1.7
* cooking with 25% of NaOH for 3 hr 59.04 1.5
Group II * cooking with 25% of NaOH for 2 hr 76.87 1.6
P * cooking with 25% of NaOH for 3 hr 58.80 1.8
* extracting with hot water for 2 hr, then cooking with 15% of NaOH for 2 hr 62.70 1.9
Group IIT | * extracting with hot water for 2 hr, then cooking with 20% of NaOH for 2 hr 60.21 1.6
* extracting with hot water for 2 hr, then cooking with 25% of NaOH for 2 hr 58.58 1.7
Group IV * soaking in 20% of NaOH for 24 hr, then cooking for 3 hr 56.33 1.8
“p * soaking in 25% of NaOH for 24 hr, then cooking for 3 hr 58.33 1.8
Group V * cooking with 20% of NaOH for 3 hr, then soaking for 24 hr 56.88 1.5
P * cooking with 25% of NaOH for 3 hr, then soaking for 24 hr 55.53 1.6
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Table 5. Basic physical properties of handsheet

Types of sheet PM AP-1 AP-2  AP-3 ESA-1 ESA-2 ESA-3 EDA-1 EDA-2 EDA-3
Basis Weight, g/m” 48.11 46.45 4738 4820 3534 3565 3355 35.14 3444 34.99
Density, g/cm’ 0.29 0.25 0.24 0.24 0.31 0.31 0.30 0.31 0.29 0.30

AP-1 AP-2 AP-3

WA
e %?’ﬁ:%sﬁ-a R

EDA-1 EDA-2 EDA-3

Fig. 4. Formation image of handsheets prepared from hemp pulp fibers by the combination of electron
beam treatment and alkali pulping.
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Fig. 6. Changes in tensile index of handsheets according to alkali pulping conditions of hemp bast tissue.
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Fig. 7. Changes in burst index of handsheets according to alkali pulping conditions of hemp bast tissue.
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Fig. 8. Changes in tear index of handsheets according to alkali pulping conditions of hemp bast tissue.
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