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ABSTRACT

The effect of the exposure of paper samples to UV rays at wave length 254 and 365nm at distances of 15, 30, 45 cm
for time up to 100 hours treatment were studied. Two types of paper sheets unbleached and bleached bagasse paper
were used in this study. The effect of these treatments on brightness, burst factor, breaking length, tear factor and
carboxyl content was carried out. Aging of paper sheets using UV dueto decrease in the brightness, burst factor and
breaking length, but increase tear factor and carboxyl content.

Key Words: UV, unbleached, bleached bagasse paper, brighthesst factor, breaking length, tear factor,
carboxyl content.

INTRODUCTION

Papers loose its brightness (turn yellow) when sggddo light. Considering that brightness stabibtan important
optical property that paper manufacturers woule li& measure, accurate test methods are neededdiatpthis
characteristic of papers. Although acceleratedt laging test methods have been used [1- 4], thetbads have
limitations due to high light intensity and the ambof UV component in the spectral out put of ligat sources.
Therefore, they do not reproduce the end-use dondivery well [5].

Both natural biopolymer materials and synthetig/pmrs undergo UV-induced discoloration, usuallyireotease in
the yellowness on exposure. Lignocellulosic makersuch as wood and paper readily undergo lightéed
yellowing [6]. While both cellulose and lignin cditgents of wood can photoyellow, it is the lattkat is mostly
responsible for the phenomenon. Lignin, which casgws 29-33 wt% of softwood, contains numerous
chromophores that efficiently absorb UV radiati@i. [As much as 80-95% of the absorption coefficignivood
can be ascribed to the lignin fraction. The comglkegtochemistry of yellowing in lignin-containingaterials is not
completely understood; the present understandindpefprocess was succinctly summarized recentlyatridast
four pathways of photodamage have been recenttyised.

The practical interest in discoloration relatesciglly to newsprint paper made of groundwood pinat tyellows
rapidly on exposure to sunlight. Action spectrapgbotoyellowing of these pulps have been repoied, a recent
study [8] confirms the solar UV wavelengths to @ysllowing, while the wavelengths in the region560-600
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nm were shown to photobleach the pulp. The celtulfyaction in wood also undergoes free-radicalntedia
degradation on exposure to wavelengths less thamBy

For many years, it has been known that exposungapér to very short-wavelength ultraviolet, such284 nm
radiation, will induce post-irradiation effects,ettspecific results of which are influenced by batternal and
external factors. [9- 12]. External factors duriigadiation and subsequent storage include wavéherad
irradiation, temperature, humidity, and atmosphediaditions. Internal factors relate to chemicahposition of the
paper: acidity, carbonyl groups, and the contenhericellulose, extractives, and lignin. It is alkmown that
exposure to visible and ultraviolet radiation résith complex discoloration effects both during afigr exposure
[13- 14]. Nevertheless, the fact remains that fawdies have been carried out specifically to ela@dhe behavior
of papers subsequent to exposure to the wavelenfthisible and near-ultraviolet radiation normaiiwolved in
the display of works on paper, approximately 32@66 nm.

Launer and Wilson found that soda-sulfite papexdiated under conditions that resulted in bleacii8g8p — 440
nm radiation; sheet temperature 30°C) yellowedmdud subsequent storage period of 15 months. [Ex]\Nillan
reported the sensitivity to thermally induced agfojowing exposure of test papers in the Fade-emé&i be a
function of the aldehyde-group content in the deie molecules. [16] This particular observatioggasts that the
observed post-irradiation darkening under visibbel aear-ultraviolet radiation may essentially be tiesult of
thermal-aging processes even though the levelnopéeature of the paper when stored away from e fnay not
be far from normal room conditions.

Cellulose is in general considered to be quitelstathen irradiated by daylight, and in a recentdgtlignin-free
paper lost its optical properties slowly and wassidered to be stable, although changes in fluerest were
observed in the initial phases of light ageing [IMbwever, all papers involved in the study suffeeeloss of
mechanical strength to a considerably greater @etiy@n expected during long-term natural ageings bkehavior
was observed also for pure cellulose (Whatmarnr filtgper) during 35 days of exposure to daylighi.[18

From a mechanistic point of view, not much is knoapout the reactions leading to light-induced disaxation
(brightness reversion) and degradation of bleadtenical pulps or cotton cellulose. However, theagism is
considered to differ from that occurring during rinal ageing [19]. Studies of chemiluminescence meyide
additional insight into the initial processes [28hd further mechanistic research is planned withenPAPYLUM’
5" Framework project. Although exposure to light imsidered to be of minor importance for generahiaet and
library collections, its effects on the most pres@bjects, which are often exhibited, should moubderestimated.
In natural aging daylight is more damaging thaifieidl! light in the early stages of aging. Addiially in natural
aging, all papers reach a limit beyond which loEeptical properties ceases. The papers remaircaljytistable
thereafter. In a minor way color and brightnesgpprties of the paper are affected by humidity clearidpe rates of
change of optical properties differ considerablpeteding on the particular paper composition. Fangxe, the
cotton papers and those of pure chemical wood lpstpoptical properties only very slowly. Those t@ning lignin
experienced rapid loss of optical properties. Thas as expected because of the known photo regaiignin.

Biodeterioration of library materials is a worldwidroblem and it causes great damage especiallynitgue
manuscripts and books stored in the libraries [BJL-Zhis study was intended to discuss one of tioéodical
factors as a main external group of factors théiuémce library materials. Fungal spores are anoitamt
component of the bioaerosol. There are about 80f@ies most of which are cosmopolitan in origihe
biological features of the fungi i.e. their easalispersion makes fungi one of the chief agentsoatamination of
any type of substrate including cellulose materialshe books of library. Many are pathogenic tonlam beings
causing allergic problems including asthma duefferéntial deposition in the respiratory systetrmalso causes the
skin infection like Dermatophytosis or ring wornfdntion or tinea is by far the most common diseéaskeuman
beings [26]. These fungi along with bacteria aspomsible for the deterioration of the materialshia library. The
activity of different environmental factors may sausome changes in physical and chemical propestiébrary
collections and most of the time it has been shegsé conditions are conducive for the growth ofraties hence,
accelerating the deterioration process. In additoimternal causes for the deterioration of papérooks, due to its
acidity, external agents are also a major threataauscripts [25, 27].

The aim of this work is to find the effect of U\ght at wave length 254 and 365nm at distances ,a3@,545 cm for
time up to 100 hours on the physical propertiesl@ached and unbleached bagasse paper sheets.
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MATERIALSAND METHODS

Unbleached kraft bagasse pulp provided by Edfo, Migjypt was bleached by the conventional threeestagethod,;
the chemical and physical analysis of both pulps asfollow:

Table (1): Chemical and physical analysis of unbleached and bleached bagasse pulp.

property Unbleached Bleached
a-cellulose % 64.0 73.7
Hemicellulose % 275 24.4
Lignin % 4.80 1.18
Breaking length (m) 5610 3700
Burst factor 2.15 1.95
Tear factor 45.2 61.8
Brightness % 514 70.0
Carboxyl mg.eq./100 161 142

Both pulps were beaten till 30 °SR and paper sheets made according to the Swedish Method (S.CSugngth
properties [28] and brightness [29] of the prepasieelets were determined. Paper sheets were agelated place
using UV as an accelerating aging at wave lengthdéfl 365 nm at distances of 15, 30, 45 cm for timéo 100
hours under temperature 25 °C and relative humdality70 % RH).

RESULTSAND DISCUSSION

Bleached and unbleached paper sheets subjected fight at 254nm and 365nm at different distancés 30,
45cm for time intervals up to 100 hours were testefind the effect of these treatments on its maedtal and
chemical properties. Brightness, burst factor, kireplength, tear factor and carboxyl content wierend for all the
treated sheets, the results found will be discugséetails in the following chapter.

Effect of UV treatment on sheets brightness
The brightness is one of the most important progerdf paper because it affects its use as writingrinting
papers. The effect of U.V. treatment (aging) o firoperty was found on Figs (1 and 2).

Fig (1) illustrates the effect of treatment at 2864 for time intervals at different distances 15, 86cm. From the
Fig it is clear that a sharp decrease take pladegithe £' 2hours especially for the unbleached papers. Alftar
the decrease in brightness was moderate till 18Qreatments. The brightness of 71% of the origuadlie was
found at 15cm distance, while at 30 & 45cmthe valb&ined was 78 and 86% of the original brightnd$ss
shows that the distance between the source andatihple has an effect on the aging speed. For thieached
samples the effect of the treatment was clearer tie bleached one, at 15cm distance and afterd @posure we
obtained only 38.5% of the original values whicbraased to 48 & 54% of the original values at 3@ 4/hcm. The
above results can be explained by that U.V. oxidiame chromophoric groups of the cellulose or redidignin
and resulted in more darkening or yellowing of shenples and this is clearer in the unbleached ssmpl

Fig (2) illustrates the effect of the treatmentp@per sheets bleached and unbleached at 365nsartieediscussion
can be applied here with keeping in mind that fiiece of U.V. here is less effective than that & because as the
wave length of the ray increased its effect (enevggs decreased. For the above reason we obtaihe8Bdns &
92.5% of the original brightness values at 15, 36&n compared with 71, 78 and 86% respectivelytlier
bleached samples exposed to 254 nm. For the uritddasamples we obtained 48, 54 & 57.5 of the aaigin
brightness value for treatment at 15, 30 & 45cnpeetvely compared with 38.5, 48 & 54% for samplested at
254 nm.

We can concluded from the above results that tfexedf UV treatment (aging) on the brightness mrenclear at
the ' 2hrs of treatment also the effect is drastic @t ®&n at 365nm and the effect is noticeable feruhbleached
paper sheets.

1365
Scholars Research Library



Amal. H. Abdel Kader et al Arch. Appl. Sci. Res., 2012, 4 (3):1363-1371

Effect of UV treatment on burst factor

Figs (3 and 4) illustrate the effect of UV treatrhat 254 & 365nm on bagasse sheets. Fig (3) stiosvsffect of
UV treatment at 254nm on bleached and unbleachgdsisa paper sheets for tomes up to 100 hrs andtancks
15, 30 & 45cm. From the Fig it is clear that thedbdiactor decrease with increasing treatment tifee the value of
burst decreased as the distance is small. The actide samples retain 79.5, 84 & 91% of its origmaist values
after 100hrs exposure at 15, 30 & 45 cm whereablgahed samples retain only 78, 84 & 84% at 254nm

This show that the effect of the treatment is nmeffective on the bleached samples where it lose &B8%s value
where at the unbleached samples lose only 9% gélte at the same conditions (45cm and 100hrs).

Fig (4) shows the effect of treatment on papeethat 365nm. The same discussion as above cgpbedexcept

that the decrease in burst factor is not as big aase of 254 nm due to the reasons explaineddefde can see
also from the Fig that the effect of treatment othtbleached and unbleached sheets is nearly the wshere both
retained about 90% of its value after 100hrs atr5c

Effect of UV treatment on breaking length of bagasse paper sheets

Breaking length is one of the most important meawrproperties of paper sheets since it affecprigtability.
Figs (5 and 6) illustrate the breaking length daseeas a result of UV treatment at 254 & 365nmh#s decrease
occurred during the®12hrs of treatment then a slight decrease was wéd¢ill 100hrs treatment, also it is clear that
the decrease in breaking length become smallehaslistance increased from 15-45cm. Bleached sangfter
100hrs treatment retain 54.1% of the original biregkength at 15cm and 60.8, 70.3% at 30 & 45 capeetively.
The unbleached samples retain 52.6, 57 & 64% aBQ%: 45cm respectively; this indicates that théleached
samples are more sensitive to UV treatment thablgeched one.

Fig (6) was the same as Fig (5) except it givesefifiect of UV treatment with wavelength 365nm. Thleached
samples retain 68.9, 75.7 & 85.2% of the originalaking length values after 100hrs treatment aadces 15, 30
& 45cm, while the unbleached samples retain onl@561.4 & 65.8% of the original values. This shatat the
unbleached samples are more affected by UV consglére breaking length factor.

Effect of UV treatment on tear factor

Tear factor differ from other mechanical paper @migs since it depends on the lateral bonds betwebBulose
fibers in paper sheets mostly these bonds are bgdrbonds between the lateral cellulose chains sult of UV
treatment some of the OH groups are oxidized to 8Qfoups, which allow more lateral hydrogen bonding
between the cellulose chains, this resulted indvigbar factor with increasing the UV treatments.

Figs (7 and 8) illustrate this effect at 254 & 3@® respectively. At 254nm with both bleached anbleached
samples a sharp increase take place duringSHhds of treatment, then a slight increase takeeptdl 100 hrs
treatments. After 100hrs and at 15cm distance aevaf 133% of the original values was obtainedHtisached
sheets, 127 & 117% for 30 & 45cm distances for eabhed samples the values obtained was 120, 11®% for
distances of 15, 30 & 45cm. From the above restiis clear that the bleached samples affected rtiwaa the
unbleached samples, this can be due to that tlzelde samples contain a higher percentage of asiulwhich
oxidize and affect the tear factor.

Fig (8) gives the results obtained when the samplested with UV of 365nm. The same trend as befoas
obtained except that the values obtained for &etof was some what lower than that obtained abh@54

Effect of UV treatment on carboxyl content

Carboxyl content was estimated as mg.eq./100grbgthod described in the experimental part. Theesabbtained
for the COOH content was gradually increased @D hrs treatment. The values obtained after 10@tt$ cm was
133 of the original values where as it reach 12711 % at 30 & 45cm for the bleached samples. Unbke@c
samples give an increase of 120, 113 & 109% for305& 45 cm distance between source and samplésclear

that bleached samples affected by the treatmeng than the unbleached samples for the reason medtioefore.

Fig (10) illustrates the effect of UV treatment3@®nm wavelength on the paper sheets on its carlooryent the
same discussions made for Fig (9) can be appliezldiso except that the effect of UV here is leéssitthat for 254
nm. Also the bleached samples were affected mae tihe unbleached samples.
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Fig (1): Brightness of unbleached and bleached bagasse pulp at 254 nm at different distances.
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Fig (2): Brightness of unbleached and bleached bagasse pulp at 365 nm at differ ent distances
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Fig (3): Burgt factor of unbleached and bleached bagasse pulp at 254nm at different distances.
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Fig (4): Burdt factor of unbleached and bleached bagasse pulp at 365nm at different distances.
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Fig (5): Breaking length of unbleached and bleached bagasse pulp at 254nm at different distances.
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Fig (6): Breaking length of unbleached and bleached bagasse pulp at 365nm at different distances.
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Fig (7): Tear factor of unbleached and bleached bagasse pulp at 254 nm at differ ent distances.
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Fig (8): Tear factor of unbleached and bleached bagasse pulp at 365 nm at differ ent distances.
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Fig (9): Carboxyl content of unbleached and bleached bagasse pulp at 254 nm at different distances.
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Fig (10): Carboxyl content of unbleached and bleached bagasse pulp at 365 nm at different distances.
REFERENCES

[1] Heitner, C., in the Photochemistry of Lignoctisic materials, C. Heitner and J. Scaiano (ed893, ACS
Symp. Series 531, Chapter 1, Washington D.C., A@kem. Soc.

[2] E. Marengo, E. Robotti, et alAnal. Chem., 2003, 75, 20, 5567-5574.

[3] E. Marengo, M.C. Liparota, et alnal. Bioanal. Chem., 2005, 381, 4, 884-895.

[4] E. Marengo, M.C. Liparota, et al.;Vib. Spectrosc. 2006, 40, 2, 225-234.

[5] Mc Garry, P.F., Schmidt, J.A., and Heitner,T@ppi J.,2004, 10, 18.

[6] D.N.-S. Hon, Photochemistry of wood, in: D.N.-8on, N. Shiraishi(Eds.), Wood and Cellulosic Clmsry,
1991, Marcel Dekker, New York , pp. 525-556.

[7] C. Heitner, in: C. Heitner, J.C. Sciano (Ed&hotochemistry of Lignocellulosic Materiall993,ACS Symp.
Ser. 531Amer. Chem. Soc., pp. 3-25.

[8] A.L. Andrady, K. Fueki, and A. Torikail. Appl. Polym. Sci. 1991, 42 2105-2107.

[9] ASTM D 6789-02E01, June], ASTM Book of Stands2D05, (Print and CD-ROM) Volume 15. 09.

[10] Eriksoon, I., Kringstad, K. P. and Ivers@nNordic Pulp Pap. Res. J., 1988, 1:24.

[11] Havermans, J. B. G. A. and J. Dufour., A Litere Review1997, Restaurator 18: 103-14.

[12] Destiné, J. N., et al.; the Role of Oxygéournal of Pulp Paper Science, 1996, 22(1): J24-J30.

[13] Wang, J., C. Heiner, and S. J. Manley. Theeéiffof Inhibitors.Journal of Pulp Paper Science, 1996, 22(2):
J58-J63.

[14] H.F. Launer and W. K.WilsonJ, Research National Bureau of Sandards, 1943, 30, pp. 55-74.

[15] W. R.MacMillan, M.A. Sc.Thesis, Department @hemical Engineering and Applied Chemist&g58,
University of Toronto, Canada.

[16] H.W.Giertz.,Svensk Papperstid., 1945, 48, No. 13, pp. 317-323.

[17] Arnold R.B., ‘ASTM's Paper Aging Research Raig’, 2002, 12 March.

[18] Bukovsky V. and KUKA I. Restaurator, 2001, 22, 208-227.

[19] CHIRAT C. and DELA CHAPELLE V, J. Pulp Pap. ci., 1999, 6, 201-205.

[20] Strlic M., Kolar J., Pihlar B., Matisova-Rychla L. anddRyy J.,Eur. Polym. J., 2000, 36, 2351-2358.

[21] Lalchand Dalal, Mousumi Bhowal and Swapna kealtbe Archives of Applied Science Research, 2011, 3
(5):479-485.

[22] 1zekor, D.N. and Fuwape, J.Archives of Applied Science Research, 2011, 3 (1): 83-90.

[23] Saraswati Bai, M. Ravi kumar, D.J. Mukesh kunia Balashanmugam, M.D. Bala kumaran, P.T. Khiian
Archives of Applied Science Research, 2012, 4 (1):269-279.

[24] K. Ashwini, Gaurav Kumar, Karthik L., BhaskaRao K. V,Archives of Applied Science Research, 2011, 3 (1),
33-42.

[25] B Zyska,Int. Bio-deterioration and Bio-degradation, 1993, 40, 43-51.

[26] S Madhavi, MV Rama Rao and K Jyothsr@&holars Research Library Journal, Annals of Biological
Research, 2011, 2(3), 88-93.

1370
Scholars Research Library



Amal. H. Abdel Kader et al Arch. Appl. Sci. Res., 2012, 4 (3):1363-1371

[27] CJ Wessell,. Deterioration band Preservation of Library Materials, The University of Chicago Press, Chicago,
1970, 39-84.

[28] Van Nederveen, G. and Van Royen, A.H.}955, Paper Maker 124- 316.
[29] Résch, G.Textilverdlung, 1973, 8, 501.

1371
Scholars Research Library



