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Abstract

Background and objectives: Paper industry in addition to reducing the consumption of
various resources such as water, energy, and wood, continues to recycle used paper in different
countries due to less pollution. One of the major drawbacks of the old corrugated container (OCC)
recycling is its relatively weak strength, which has limited its use in various sections of the
packaging industry. In this study, the effect of using some additives to improve the strengths of
OCC to make the top liner of cartons in both wet and dry conditions was studied.

Methodology: OCC was selected from domestically produced cartons. To determine the
performance and optimal amount of additives, corn cationic starch (at 1, 1.4 and, 2%), wet
strength resin (at 1, 2 and, 3%), AKD (at 1, 2 and, 3%), and long fiber of imported bulk tea
wrapping paper (at 10, 15 and, 20%) based on the dry weight of OCC pulp were separately used
as additives. The handsheets were made using laboratory sheet former with the basis weight of
120 g/m? and then tensile, burst, and tear indices were measured both at wet and dry conditions
to compare the effect of additives. Also, water absorption was measured by the Cobb test on the
test samples. The optimal level of each additive was determined based on the results, and then
handsheets data from optimal combination treatment including appropriate levels of all additives,
and different properties of handsheets were statistically compared.

Results: The water absorption of handsheet was statistically decreased to 90% level compared
to the control by adding AKD. This additive was able to reduce the water absorption of handsheet
made from OCC to about 20 g/m? as the appropriate range. The greatest increase of wet tensile
strength of the handsheet was achieved using 3% wet strength resin compared to the control. The
resin maintained the wet tensile, burst, and tear indices of the residual strength of handsheet by
25, 46, and 58%, respectively, compared to dry strengths which indicates its good performance.
The results showed that by adding cationic corn starch and recycled long fiber paper, all the dry
strengths of handsheet independently increased compared to the control. The optimal combination
treatment was determined according to the results independent use of additives in OCC pulp,
including 1% cationic starch, 1% AKD, and 3% wet strength resin based on technical-economic
considerations. There is no significant difference between dry tensile and burst strength of
handsheet using this treatment and 20% recycled long fiber of wrapping paper, which both means
ranked statistically in the same group.



Iranian Journal of Wood and Paper Science Research Vol. 38 No. (4) 252

Conclusion: The use of 20% recycled long fiber of wrapping paper significantly improved the
dry strength of OCC pulp, but adding 1% cationic corn starch to OCC pulp caused limit increase
in dry strength. The wet strength of handsheet was significantly improved by adding 3% wet
strength resin whereas 1% AKD significantly decreased the water absorption of the OCC pulp to
14 g/m?. The optimal combination treatment of chemical additives including 1% cationic corn
starch, 1% AKD, and 3% wet strength resin improved the wet and dry strength of handsheet made
from OCC pulp that could be used for packaging products which need to be kept in refrigerator
and freezer.

Keywords: Packaging, top liner, recycled long fiber, chemical additives, wet strength, dry
strength.
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Table 1. Technical specifications of cationic corn starch

Refining . 0
SR revolution number SRa Moisture (%) pH Appearance Pulp
30 - 30 75.9 7.48 Brown Corrugated
cardboard
Recycled
32 3600 13 72.6 7.12 Brown wrapping paper
pulp
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Table 2. Specifications of chemical additives used

Viscosity  Density

(CPs) (gfemd) Ash (%) Solid content (%) Moisture (%) pH  Brightness Appearance Additive

450 0.64 2 94.26 5.74 7.2 85 White powder Cationic starch
1.04 - 17 83 2.68 - Colorless liquid AKD
1.08 - 12.5 4.06 Yellow liquid ~ Wet strength resin
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Table 3. Treatment Codes

Code Level (%) Treatment Code Level (%) Treatment
Al 1
_ Without additive
A2 2 AKD c (control)
A3 3
WS1 1 Cs1 1
Wet strength
WS2 2 9 CSs2 14 Cationic starch
WS3 3 CS3 2
cs1 . LF10 10
Pulp with the
Al optimal amount Recycled long fiber
OA of chemical LF15 15 wrapping paper
WS3 additives
LF20 20

o9 5 b AW s 5 e e p SVYE AL o
Do Gk aas Vo slag e sl s (ala) Sas 8l sl se

S RCIERIYVS P TOR PURL 20 RS

Table 4. Test methods of standard
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Standard number

Test method

Standard number

Test method

INSO 475 Paper water absorption INSO 3225 Pulp and paper moisture content
INSO 1115 Dry tensile strength INSO 3789 Freeness of pulp

INSO 1543 Wet tensile strength INSO 4719-1 Laboratory disintegration of pulp
INSO 7065 Dry burst strength INSO 3790-2 Pulp Beating

INSO 3070 Wet burst strength INSO 3788-1 Handsheet making

INSO 1297 Tear strength INSO 471 Basis weight
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Figure 6. Effect of recycled long fiber pulp and cationic corn starch, and optimal treatment of chemical additives
on dry Burst Index
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Figure 7. Effect of recycled long fiber pulp and cationic corn starch, and optimal treatment of chemical additives
on tear index
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