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Abstract: This study was performed to investigate the effects of refining on mechanical properties of 

handsheets produced from Old Corrugated Container (OCC). OCC pulp was refined by PFI mill at 1000, 

3000, 6000, 9000 and 12000 revolutions, respectively. Hand sheets were made from each revolution 

according to TAPP standard, and then compared with control sample. The results showed that OCC pulp 

refined by 12000 refining revolution determined as the best treatment. The resulted Cationic 

Polyacrylamide was used as dry strength additive by adding a dilute aqueous PAM solution to OCC fiber 

suspensionin the range of 0.5–1 mass percentage on oven dry pulp. Results showed that by increasing use 

of PAM up to 1% on oven dry pulp increased tensile and burst strength. 
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1. Introduction 

Recycled fibers have become increasingly important as raw materials in the pulp and paper industry 

(Dienes et al, 2004). Full utilization of recycled fibers in the paper industry not only can ease the shortage 

of plant fiber resource, but also save the energy consumption, as well as effectively reduce the pollution 

load caused by papermaking processes. (China paper Association, 2010). Although utilization of 

secondary fibers has environmental and economical advantages, unfortunately the deteriorated 

drainability of secondary fibers causes decreased productivity (Dienes et al, 2004). 

The major problem with recycling of old corrugated container is the loss of its strength properties 

(zazhad & sodtivarakul, 2004).The reduced interfiber bonding capability and reduced conformability of 

recycled fibers compared to virgin wood pulp fibers is caused by the drying phase of the first 

papermaking cycle. Changes in the fiber result in stiffness (James et al. 1992).The most generally 

recognized property losses in paper recycling are those associated with interfiber bonding, such as tensile 

and burst strengths. Interfiber bonding consists primarily of hydrogen bonds between the surface 

Carbohydrate macromolecules of neighboring fibers. The extent and magnitude of interfiber bonding 

depends on the exposure of Polysaccharide molecules and the surface functional groups such as 
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Hydroxyl, Carbonyl, and Carboxyl. It also depends on the extent of surface contact between fibers (James 

et al, 1992). 

The various different changes in fiber morphology and surface characteristics are generally 

undesirable, since the change tend to impede growth prospects for the use of recycled fibers in 

papermaking. As always, the main reason accounting for the inferior properties of recycled fibers is the 

horrification. The irreversible loss in swelling capacity of the fiber wall results informing a drying and 

rewetting cycle (Jayme, 1944). 

When horrification occurs with internal molecules of the fiber, the resulting stiffer fiber is not as 

conformable as other fibers and there is less opportunity to bond. More fines are usually observed during 

the recycling operation. Fines can be created from cutting fibers or fibril debris of previously bonded 

paper. The amount of fines generated depends on the severity of the original papermaking process and the 

extent of mechanical treatment during recycling (James et al. 1992).These include various techniques of 

beating and chemical treatment of recycled fibers. There are four possible ways to recover the loss of 

bonding of recycled fibers: (1) Beating and refining (2) Chemical treatment (3) Blending with virgin 

fibers (4) Fiber fractionation (Wistara et al, 1999). 

Beating or refining is the most common method used for property improvement of virgin fibers. 

Beating and refining of recycled fibers will result in a different effect from that of virgin fibers. It has also 

been shown that the strength properties of recycled fibers can also be regained through beating or refining 

(Howard & Bichard, 1992). 

The effect of Polymer strength additives on bond strength between cellulosic fibers has been studied 

by several researchers (Myllytie, 2009). In modern papermaking, the use of dry-strength agents such as 

Cationic starch and Polyacrylamide (PAM) resin is gradually increasing because of the increased use of 

hardwood and recycled fibers. Dry strength additives generally work by supplementing the number of 

inter fiber Hydrogen bonds. High strength of cellulose fiber is of Hydrogen bonding between cellulose 

molecules. These Hydrogen bonds result from the dipole interaction of the proton onHydroxyl group. The 

large number of Hydrogen bonds formed in paper increases the dry strength of paper. Cationic co-

monomers typically have quaternary Ammonium groups and they are attached to the Nitrogen of the 

Amide, -CH=C (-CONH-RN + (CH3)3), where R can take a variety of forms (Marimuthu et al, 2010). In 

this study, OCC pulp was refined in different revolutions and then the effects of Cationic Polyacrylamide 

on OCC refined pulp were investigated. 

 

2. Experimental 

2.1. Materials 

Raw material for this experiment was 100% (OCC) pulp. The pulp was refined by PFI mill (T 248, 

sp-00, TAPPI) at 1000, 3000, 6000, 9000 and 12000 revolutions, respectively. Hand sheets (120 g/m2) 

were made from each revolution according to standard method (T205 sp-95). The tensile, burst and tear 

strength of handsheets was measured according to TAPPI test (T404 cm-92, T403 om-97 and T414 om-

98 respectively). Then analysis of variance was conducted using completely randomized design. Mean 
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values were compared using Duncan’s test. An aqueous solution of the PAM which was adjusted to a 

concentration of 0.75% was added to the OCC pulp slurry in the range of 0.5–1 mass percentage on 

ovendry pulp. The slurry was allowed to stand at room temperature for 30 min before sheet forming. 

Handsheets (basis weight _ 120 g/m2) from the OCC pulp slurry with or without PAM were made 

according to Technical Association of Pulp and Paper Industry (TAPPI) test. 

 

3. Results and discussion 

3.1. Refining 

Results measurements of freeness degree, tensile, burst and tear index handsheets are illustrated in 

Table 1. 

 

Table 1. Effect of Refining on Freeness degree of OCC pulp and handsheets properties. 

 

 

The results showed that increasing the refining revolution decreased freeness degree while burst and 

tensile strength were increased (Figures 1, 2 and 3). 

 

Treatments 
Refining 

revolutions 

Freeness 

degree (CSF) 

Tensile 

index 

(N.m/g) 

 

Burst 

Index 

(KPam2/g) 

Tear index 

(mN.m2/g) 

A 1000 650 38.55 2.231 12.81 

B 3000 570 41.765 3.563 13.35 

C 6000 470 53.2 4.119 13.19 

D 9000 350 56.63 4.448 10.97 

E 12000 280 66.31 4.521 10.55 
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Figure.1. The effect
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The effect of refining revolutions on freeness degree of OCC pulp

 

.Theeffect of refining revolutions on burst index of handsheets

 

 

The effect of refining revolutions on tensile index of handsheets
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Refining affects fibers in many ways

• Cutting and shortening of fibers

• Fines production and complete re

• External fibrillation 

• Partial removal of the fiber wall leaving it still attached to the fiber

• Internal changes in the wall structure, 

swelling 

• Curling the fiber or straightening the fiber

• Fibers after refining are collapsed and more flexible, and their bonding surface area is increased

(Gullichsen & Paulapuro, 1999) due to 

increasing refining revolution

It is apparent in Figure 4, that tear index

lower than fibrillation and in 9000 and 12000 refining revolution reduced 

index.The tear strength, in most cases

second recycle (Wistara et al, 1999).

 

Figure.4. The effect
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Refining affects fibers in many ways: 

Cutting and shortening of fibers 

ines production and complete removal of parts of fiber wall that decreases

artial removal of the fiber wall leaving it still attached to the fiber 

in the wall structure, also described as delamination, internal fibrillation

fiber or straightening the fiber 

refining are collapsed and more flexible, and their bonding surface area is increased

Paulapuro, 1999) due to Increased Burst and tensile 

revolution 

4, that tear index was increased in the first stage perhaps

in 9000 and 12000 refining revolution reduced fiber length and decreased tear 

he tear strength, in most cases is increased after the first recycle and then dec

1999). 

The effect of refining revolutions on tear index of handsheets
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moval of parts of fiber wall that decreases freeness degree 

mination, internal fibrillation or 

refining are collapsed and more flexible, and their bonding surface area is increased 

 index in handsheets by 

perhaps cutting fibers done 

length and decreased tear 

increased after the first recycle and then decreased after the 
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3.2. Addition cationic polyacrylamide

12000 refining revolutionas shown are the

OCC pulp were measured and the resulting

 

Table.2 Effect 

Treatments 
Tensile index

(N.m/g) 

E 66.31 

E+0.5% PAM 71.25 

E+ 0.7% PAM 72.28 

E+ 1% PAM 73.81 

 

Figure 5 & figure 6 shows 

handsheets. As it is shown the PAM 

The strength continued to increase 

0.5-1% based on the dry pulp.  

Figure.5. The effect
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cationic polyacrylamide 

as shown are the best treatments. Effects of dry strength 

OCC pulp were measured and the resulting strength properties of handsheets are illustrated in Table 2. 

Effect of CPAM addition on strength properties of handsheets.

index Burst 

index(KPam2/g) 

Improvement % 

tensile 

4.52 0 

5.1 12.83 

5.4 19.47 

5.85 29.42 

 effect of different PAM addition levels on tensile and burst 

shown the PAM gives the highest increases in strength for having positive groups

The strength continued to increase by adding more PAM, when the amount of PAM was increased from 

 

The effect of PAM addition on burst index of handsheets
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Effects of dry strength additives (PAM) on 

illustrated in Table 2.  

handsheets. 

Improvement % Improvement % 

burst 

0 

7.45 

9 

11.31 

on tensile and burst strength of 

for having positive groups. 

when the amount of PAM was increased from 

 

on burst index of handsheets 

PAM
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Figure.5. The effect

 

Adding Polymer increased the strength of fiber greatly

increased by sequential addition of 

one of two reactive centers of A

sites, and even the binders are 

(Marimuthu et al, 2010). 

The result presented that this 

better interfiber bonding due to the

Hydrogen bonding as compared to H

cellulose chain (Marimuthu et al,

CPAM strength additives promote fiber

increasing fiber–fiber bond strength 

 

4. Conclusions 

The internal fibrillation of fiber

strength of OCC fiber handsheet

available for Hydrogen bonding, such as P

Hydrogen bonding or Polyacrylamide that can Hydrogen bond between the A

Polyacrylamide as dry strength additives 
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as dry strength additives improves the OCC in a great way.  
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