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Cell Wall Micropore Loading of Pulp Fibers*

Jong-Man Lee - Byoung-Muk Jo*®

ABSTRACT

The unique cell wall micropores of pulp fiber can be utlized as loading site in variety of important
practical application which could be the basis of new papermaking technologies, One of these
includes the manufature of paper containing higer levels of in situ filler precipitated. Hardwood pulp
fiber were first impregnated with the solution of sodium carbonate(Na.CO;). The micropores in cell
wall of pulp fibers were filled with the liquid salt solution.

The second calcium nitrate(Ca(NQs)2) solution formed an insoluble calcium carbonate(CaCQs3)
precipitate within the cell wall micropores by interacting with the first sodium carbonate solution.
The effects of chemical concentration and dryness of pulp fibers on the retention of cell wall
micropore loaded filler were investigated.

The paper properites of cell wall micropore loaded pulp fibers were compared with those of
conventionally loaded and lumen loaded pulp fibers. Also the presense of the fillers within the cell
wall micropore was observed by SEM,

Incresing the chemical concentration to generate the calcium carbonate increased the retention
of filler in cell wall micropore loaded pulp fibers. The particle size distribution of precipitated calci -
um carbonate ranged from 0.1pm to 80um. But, the average particle size of cell wall micropore load -
ed calcium carbonate was 4um.

The paper made from never dried pulp fibers, the cell wall micropores which were filled with cal-
cium carbonate, had better mechanical and optical properties than those of conventionlly loaded or
lumen loaded pulp fibers,

Keywords : cell wall micropore, loading, in situ filler, liquid salt solution, retention, lumen loading,
particle size
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Table 1. Characteristics of «calcium ‘carbonate

Whiteness Partxcle size fractxon(%)

(%, Hunter) (‘7um 2urm~10um ?10;11’1’1

CaCOs 95.0 23.8 62.5 13.7

Table 2. Characteristics of cationic starch*

Ttems M~TAC 5030
Appearance white partncle
Moisture 12+1%
pH 6.5~7.5
Ash 0.35% below
Viscosity 1000cp below

Degree of substion 0.015~0.020

*: M—TAC 5030 of MIWON CO.
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et
Never —dried wood pulp
Step 1 i
1 Impregnation [.__ Impregnation with
first salt solution
Step 2 {
Dewatering l—— Removal of the
- excess solution
1
Step 3 l
Precipitation Impregnation with

; second salt solution

i

'
Step 4 ‘
Washing }—— Removal of the
excess of precipitate

Loaded
Wood pulp

Fig 1. General process steps for the in situ
loading of filler into pulp fibers.
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Fig 2. Particle size distribution of precipitated
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Table 3. Precipitation quantity of calcium
carbonate on each chemical con,

Chemical conc. (%) Precip. q'ty{g)

Na:2C0s Ca{NOs)2 CaCOs
1 1 4.43
5 5 22.47
12 12 51.92

Table 4. In situ loading quantity on each
chemical con.

Chemical conc. (%)

Ash content(%)

NaC0s Ca(NQO3)2
1 1 3.67
5 5 10.14
12 12 19.99
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Fig 3. Relationship between ash contents and
mechanical properties



Table 5. Mechanical properties of handsheets from cell wall micropore loaded and

conventionally loaded pulps

Pul Concent. of Ash Breaking Folding Tear Index Burst Index  Stiffness
P Chemicals(%) Content(%)  Length(km) Endurance(No.) (mN-m?/g) (kPa-m?/g) (mN)
0 0.40 3.39 2.00 1.53 1.69 57.50
Never 1 3.67 3.34 1.75 1.40 1.39 56.00
Dried* 5 10.14 3.30 1.50 1.64 1.13 53.00
12 19.99 2.43 1.00 0.98 0.83 44.00
4] 0.40 2.89 2.00 1.15 1.30 47.00
Air 1 4.08 2.80 1.25 1.25 1.38 46.00
Dried* 5 11.00 2.29 1.00 1.00 0.94 49.00
12 19.50 1.61 0.00 0.71 0.63 41.50
- 2.50 2.83 3.22 0.34 1.27 36.00
Never — 4.56 2.62 2.00 0.30 1.23 32.00
Dried** - 10.90 1.93 1.00 0.28 0.82 28.00
- 17.48 1.42 0.00 0.02 0.62 24.00
* : Cell wall micropore loaded pulp
** : Conventionally loaded pulp
35 - 70 95 - 95
Brgntness Never Dried L 65 Broswing longin  Never Drisd oo Lo
— . O . Loading
34 A Air Dried 60 Tear index Air Driod
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Fig 4. Relationship between ash contents and
mechanical properties
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Table 6. Optical properties of handsheets from
cell wall micropore loading and
conventionally loaded pulps

Pulp Conc. of Brightness  Opacity
chemicals(%) (%) (%)

. 0 86.80 81.25
Never 1 86.10 84.63
Dried* 5 88.60 83.63
12 89.40 84.48

0 86.80 82.30

Air 1 v 87.30 83.40
Dried* 5 88.10 84.80
12 89.10 84.20

- 86.05 81.72

Never - - 86.04 81.96
Dried** -~ 87.10 82.40
- 87.80 82.70

*

: Cell wall micopore loaded pulp
** : Conventionally loaded pulp
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Phota.No.1. A scanning electron micrograph of
the pulp fibers (X2000)

Photo.No.2. A scanning electron micrograph of
the cell wall micropore loadied fibers (X1000)

Photo.No.3. A scanning electron micrograph of
the cell wall micropore loadied fibers (X10000)
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