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Paper

Paper turns yellow over time. Bleaching with oxidizing agents is one of the most
common methods, which creates a colorless result by breaking down the light-
absorbing chromophores. In this research, the changes in the properties of paper by
applying oxidizing agents are studied. The paper samples were characterized by
colorimetric, infrared spectroscopy, tensile, acidity, and SEM microscopes. Four
oxidizing solutions were deployed for whitening the samples of Whatman paper using
the Immersion method, including Hydrogen Peroxide (2 % V/V), Sodium Peroxide
(2 % W/V), Potassium Periodate (2 % W/V), and Potassium Persulphate (2 % W/V)
all solved in distilled water. The samples were treated within 48 hours, and
characterizing tests were deployed. The results show that hydrogen peroxide with the
highest tensile strength (17.75 Nm/g) and the lowest color difference (AE= 1.48) after
accelerated aging has the best performance among other samples. Also, hydrogen
peroxide can be improved tensile strength, increase brightness, reduce yellowing,
cause fibers stability, and keep the paper at an almost neutral acidity.
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Table 1: Guide to abbreviations used for samples.

samples Abbreviation code considerations
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Figure 1: An overview of the CIElab color space parameters, along
with the values *L (lightness to darkness), *a (red+ to green-) and *b

(yellow+ to blue-) [11].

1- Colorimetry
2- International Commission Illumination
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Figure 2: Potential difference of oxidizing solutions.
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Figure 3: FTIR-ATR spectrum; aged blank paper (A) and blank paper without aging (B).
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Figure 4: FTIR-ATR spectrum; control (A), HOP (B), KSP (C), KOP (D), NOP (E) .
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Diagram 4: CIE L* a* b* color parameters of bleached samples with oxidizing agents, before aging (blue bars) and after aging (red bars).
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Diagram 5: Color difference of paper samples before aging (before and after modification in 48 hours) and after accelerated aging (temperature 90+2
centigrade and relative humidity 50%z2 for 384 hours).
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Figure 5: General diagram of the formation of color compounds in three alcoholic groups, aldehyde, carboxyl and ketone in two ways: (A) opening
or (B) without opening of pyranose rings in an anhydroglucose unit caused by oxidation [31].
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Figure 6: Microscopic examination of the surface of samples and fibers; control sample(A), aged control sample(B), bleached sample with hydrogen
peroxide(C), bleached sample with sodium peroxide(D), oxidized sample with potassium peridate(E), sample Oxidized with potassium persulfate(F).
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