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Abstract  

 
One of the most important issues for treatment of paper works is use of long-lasting 

(endurable) materials. In this study, Mechanical properties of Bacterial cellulose Nanofibers 

(BCN) for preservation of paper works are investigated. For this purpose, Suspension of BCN 
in Klucel-G polymeric matrix with doses of 0.5, 1, and 2 Wt% of dry matter were prepared and 

were coated on the pure cellulose paper (filter paper) by hydro-soluble casting method, and 

then tensile strength (TS) and folding endurance (FE) mechanical tests were performed. Also, 
in order to evaluate durability properties (long-lasting) of the cellulose fiber bio-

nanocomposite, accelerated aging test was conducted in moist heat conditions. After 

performing mechanical test, obtained results were investigated and it was observed that the 
presence of this nanofibers in Klucel-G matrix, although lowers the initial mechanical 

properties (before aging), but increases durability of bio-nanocomposite compared to pure 

Klucel-G polymer matrix, and hence, as protective coatings, results in prevention of early 
aging. As a result, this prepared nanocomposite would have applications as a new reinforcing 

and endurable polymeric coating for preservation of paper works and prevention from further 

loss of their strength, and also there would be less need for retreatment.  
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Introduction  

 

Paper works, due to their organic nature are constantly threated by various damaging 

agents (such as temperature, humidity, and light), which oxidize and hydrolyze the paper 

structure and hence lower their mechanical strength. So, conservators treat these damages and 

inhibit their growth utilizing a vast variety of protective materials and different reinforcing 

techniques. Among them, several developed approaches can be named including: silking 

method ]1[, Parylene method in plasma atmosphere ]2[, paper splitting ]3[, and some other 

scientific researches performed for reinforcing paper works ]4, 5[. Also, wide application of 

conventional and common methods such as resizing by polymer adhesives (e.g. cellulose ether 

adhesives), lining by tissue or Japanese papers ]6, 7[ can be mentioned. In preservation of paper 

works, both durability and inertness of materials are of prime importance ]8[. Sometimes 

deterioration and degradation of materials on the paper work may function as catalyst for 

decomposition, and hence, may lead to the higher speed of damaging. Thereupon, application of 

suitable and endurable materials for reinforcing of paper works have always been a very 
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important consideration for conservators, and therefore many researchers have been focused 

their studies in this field. Exploitation of nanotechnology for preservation of cultural heritage 

with several years of experiments has endowed researchers with significant accomplishments 

among which preservation of paper work have received much attention. Including application 

of Calcium Hydroxide (Ca(OH)2 ) nanoparticles for de-acidification ]9, 10[, de-acidification by 

Magnesium Hydroxide (Mg(OH)2) nanoparticles ]11[, improvement of light resistant features 

and antibacterial properties by Titanium dioxide (TiO2)  ]12[, and also using a mixture of two 

polymers (CMC/MC) with calcium hydroxide nanoparticles for enhancement of mechanical 

properties of paper works ]13[, etc.   

In this research, the applicability of mechanical properties of bacterial cellulose 

nanofibers (BCN) is evaluated to be used in nanocomposite as protective coatings for paper 

works. The previous scientific studies show that cellulose nanofibers provided polymeric 

Nanocomposite with desirable mechanical properties. Specific physical and mechanical features 

of cellulose nanofibers have been evaluated and confirmed by researchers who are specialized 

in other science fields (such as polymer and paper industry), and numerous articles have been 

published in this field ]14-19[. Also, another well-known and important feature of cellulose 

nanofibers is their biocompatibility with surrounding environment and with nature ]20, 21[, 

which guarantees health being of conservators. Additionally, their same chemical characteristics 

and hence compatible nature with the environment and also similar chemical composition with 

substrate materials (i.e. paper works) make them to be much reliable. And this is while 

inertness, compatibility, and durability of materials used for treatment are of prime importance 

in the field of reinforcing of paper works ]8, 22[. The present study investigates mechanical 

properties of BCN containing nanocomposite coatings. BCN nanofibers was produced through 

bottom-up method by bacterial biosynthesis (microbial culture) with a non-pathogenic bacteria 

such as Acetobacter xylinum ]23-25[. Presence of multiple crystalline regions into the BCN 

chemical structure leads to high porosity and hence low tensile strength ]26[.  

Introducing the cellulose nanofibers as reinforcing agents in polymer matrices and 

preparation of nanocomposite is a relatively new research field. The first approach in this 

regard, purposed about 20 years ago, was the use of cellulose micro and Nano-whisker as 

additives in polymeric nanocomposite (latex) ]16, 17[, and thereafter use of cellulose 

nanoparticle were commonly used as additives in various polymeric matrices. The purpose of 

these approaches was to reinforce and enhance physical properties of polymers so that to 

become more suitable to serve as protective coatings. Thus, BCN nanofibers was added to 

Klucel-G matrix and attempts have been made to evaluate the properties of prepared protective 

coatings to be used for paper works and develop an innovative advanced approach to improve 

conventional preservation method (resizing with Klucel-G which is commonly used in 

preservation of paper works).  

 

Experimental part 

 

Materials  

BCN cellulose nanofiber suspension (having the average particle dimensions of 37nm 

diameter and 2µm lentgh) with the concentration of 1 wt% (bought from Nano Novin Co., Iran) 

(Fig. 1) were prepared in a solution of Klucel-G cellulose ether in ethanol (Lasco Co.) via 

hydrosoluble casting method ]15[. Klucel-G is favorably micissible and compatible with 

cellulose nanofibers owing to its same cellulosic chemical structure. Solid content of cellulose 

nanofiberes suspensions was determined from the below equation: 

Dw - (Dw + Dm) = Dm       (1) 

where: Dw is the weight of empty dish and Dm is the weight of dry matter. 
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Fig. 1. Early observations by SEM images on dried film of BCN cellulose:  

A. Status of without Klucel matrix; B. Cellulose Nanofibers with the average fiber diameter of 37nm 

 

Concentrations of Klucel-G polymeric matrix in ethanol was intended to be 1.5% 

weight/volume for BCN. suspension of Nanofibers homogenously dispersed by the aid of an 

ultrasonic prob (Topsonic model) at the sonication power of 200 KW at the frequency of 

20KHz for about 10 minutes at 25±5°C (Fig. 2); and then, was added into the prepared matrix at 

three weight percentages of 0.5, 1.0 and 2.0 wt%.  

 

 
Fig. 2. A general scheme representing preparation procedure of  

cellulose fiber nanocomposites by hydrosoluble casting method 

 

Pure cellulos filter papers (MN brand) were used as the substrate to be coated by 

prepared nanocomposite. Formation of nanocomposite films onto the paper samples with 

thickness of 100µm was conducted by a coater machine (K-Control coater model) at the speed 

of 2m/min, in order to obtain a uniform thickness of coating layer. Finally, once coating was 

completed, all treated samples were dried at room temperature, and an specific code was 

assigned to each sample (Table 1).    

 
Table 1. Introducing the codes assigned to samples evaluated in this paper 

 

Description of treatment Samples code 

Uncoated paper (before aging) Ref-paper-Be 1. 

Uncoated paper (aging 14 days) Ref-paper-Af1 2. 

Uncoated paper (aging 24 days) Ref-paper-Af2 3. 
%1.5 Klucel-G (before aging) Klu1.5-Be 4. 

%1.5 Klucel-G (aging 14 days) Klu1.5-Af1 5. 

%1.5 Klucel-G (aging 24 days) Klu1.5-Af2 6. 
%2 BCN + Klu1.5 (before aging) BCN2-Be 7. 

%2 BCN + Klu1.5 (aging 14 days) BCN2-Af1 8. 

%2 BCN + Klu1.5 (aging 24 days) BCN2-Af2 9. 
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Methods 

Accelerated Aging  

In order to evaluate the quality and and long-term effects of nanocomposite coatings on 

paper works, aging environment was designed to be moist heat having the relative humidity of 

50±5% and the temperature of 90±2
°
C ]27[ for two time periods of 14 days (336 hours) and 24 

days (576 hours) in the oven chamber.   

 

Tensile Strength Test (TS) 

After aging at moist heat, several coated samples (MN filter papers) were cut into the 

15×90 mm strips for test. Uniaxial tensile test was conducted on a universal testing machine 

(STM-1 model) with the loadcell capacity of 20km. The gauge lenght and cross head speed 

were adjusted at 50±2mm and 7mm min
−1

, respectively, at room temperature ]28[. The below 

experimental equation was used for convertion of tensile resistance values having the unit of N 

to those having the unit of N/m:  

σ
b
T = FT/b                                                       (2) 

where, σ
b
T is tensile strength in N/m unit, FT is the average of tensile force in N unit, and b is 

the width of sample in mm unit.   

 

Folding Endurance (FE) Test 

Several number of samples were cut into 15×140 mm strips for folding endurance test 

(Fig. 3). The M.I.T testing machine (TINIUS OLSEN: 24A4BEPM-3F) having the capacity of 

20-175 folding per minute was utilized. Testing condition were adjusted under the constant 

longitudinal load of 1kg (9.81N)  and double-fold speed of 175±10  per minutes at the folding 

angle of 135°±2 at room temperature (25±2
°
C) ]29[.   

 

 
Fig. 3. Selecting direction of samples cutting, according to paper's long grain  

(Machine Direction or MD) and short grain (Cross Direction or CD) 

 

Scanning Electron Microscopy (SEM)  

In order to have microscopic observations and investigate the morphological features of 

samples, scanning electron microscope (VEGA3 TESCAN) was used. 

 

Results and Discussions 

  

Evaluation of Tensile Strength (TS) 

The results obtained from tensile test of BCN based nanocomposite coated samples are 

listed in Table 2. The foundings show that increasing the concentration of Klucel-G matrix 

enhances tensile strength of samples in pre-aging conditions. However, this feature is far more 
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decreased by increasing the aging time periods as compared with the case in which cellulose 

nanofibers are added into the polymer matrix.  
 

Table 2. Tensile strength (TS) results of paper samples listed in N and N/m 
 

TS (N/m) TS (N) Samples code 

3.40 51.03 Ref-Be 1. 

3.26 49.03 Ref-Af1 2. 
3.09 46.49 Ref-Af2 3. 

4.50 67.58 Klu1.5-Be 4. 

4.15 62.32 Klu1.5-Af1 5. 
3.74 56.11 Klu1.5-Af2 6. 

4.08 61.26 BCN0.5-Be 7. 

3.94 59.23 BCN0.5-Af1 8. 
3.76 56.47 BCN0.5-Af2 9. 

3.65 54.76 BCN1-Be 10. 

3.53 52.98 BCN1-Af1 11. 

3.38 50.71 BCN1-Af2 12. 

3.51 52.69 BCN2-Be 13. 

3.43 51.56 BCN2-Af1 14. 
3.30 49.50 BCN2-Af2 15 

 

On the other hand, increasing the concentration of cellulose nano-additives in pre-aging 

condition although decreases tensile strength of nanocomposite samples compared to the 

pristine Klucel-G sample (Fig. 4), lead to an increased resistance to loweing tensile strength 

after the aging process (Fig. 5). Generally, the presence of cellulose nanofibers into Klucel-G 

polymeric matrix, despite lowering the primary tensile strength of the polymer (befor aging), 

leads to an increased durablity of their mechanical properties during aging, and hence prevents 

from deteroration of mechanical properties quality of nanocomposite coatings in aging 

conditions.  
 

 
 

Fig. 4. Comparison of TS results between paper samples coated by BCN-based by bar chart 
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Fig. 5. Comparison the relations between TS values and aging time periods  

for paper samples coated by BCN-based nanocomposites 

 

These foundings were obtained while it was expected to observe an increased tensile 

strength due to the presence of  numerous OH functional groups as well as high aspect ratio 

(surface area to volume ratio) of cellulose nanofibers added as reinforcing additives in the 

Klucel-G polymer matrix ]14-21[. Loading further content, more than 0.1%, of cellulose 

nanofibers in polymer matrices results in decreased mechanical strength of the matrix due to the 

aggregation and agglomeration of nanofibers ]18[ and hence their inhomogeneous distribution 

throughout the polymer matrix. As a consequence, irregular distrubution of mechanical stresses 

will be generated in the coatings leading to a decreased mechanical strength of polymer matrix.  

Favorable durability of  properties of prepared cellulose fiber containing coatings could 

be attributed to the increased physical entanglement and also increased interfacial interactions 

(bonding points) between cellulose nanofibers arising from their nano-scale dimensions. This 

phenomenon decreases physical contact of coating with environment, and finally, generates 

prevention behavior for these nanocomposites.  

Evaluation of Folding Endurance (FE) 

In this test, folding endurance of paper samples was investigated and evaluated (Table 

3).  

 
Table 3. Introducing the codes assigned to samples studied in this paper 

 

Double fold Samples code 

12 Ref-Be 1. 

6 Ref-Af1 2. 

4 Ref-Af2 3. 
21 Klu1.5-Be 4. 

9 Klu1.5-Af1 5. 

6 Klu1.5-Af2 6. 
16 BCN0.5-Be 7. 

10 BCN0.5-Af1 8. 
6 BCN0.5-Af2 9. 

14 BCN1-Be 10. 

11 BCN1-Af1 11. 
9 BCN1-Af2 12. 

14 BCN2-Be 13. 

12 BCN2-Af1 14. 
11 BCN2-Af2 15. 
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The foundings obtained from this test were similar to those obtained from tensile test, 

wich by increasing the concentration of cellulose nanofibers in Klucel-G matrix, the folding 

endurance of paper samples was decreased (Fig. 6). Durability of properties in aging condition, 

however, was increased in the presence of cellulose nanofibers (Fig. 7), and such increased 

durability is in direct relation with concentration of this Nano-additive.  

Incresing the concentration of Klucel-G matrix (without any additive) in the aging 

condition results in decreased folding endurance as compared with the case in which cellulose 

fiber nano additives are added.  
 

 
 

Fig. 6. Comparison between FE resultes of paper samples coated by BCN-based by bar chart 

 

 
 

Fig. 7. Comparison of relations between FE and aging time period for  

paper samples coated by BCN-based nanocompisite 
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 As it is kwoned, in generally, the presence of cellulose nanofibers into Klucel-G 

polymeric matrix, despite lowering the primary tensile strength of the polymer (befor aging), 

leads to an increased durablity of their mechanical properties during aging, and hence prevents 

from deteroration of mechanical properties quality of nanocomposite coatings in aging 

conditions (Fig. 8). Also, as it is kwoned, this feature is far more decreased by increasing the 

aging time periods as compared with the case in which cellulose nanofibers are added into the 

polymer matrix (Fig. 8A), and such increased durability is in direct relation with concentration 

of this Nano-additive (Fig. 8B). 
 

 

  
Fig. 8. Comparison between BCN's concentrations as nanoadditive into Klucel matrix and  

rate of changes in its mechanical behavior, before and after aging; A. TS; B. FE  

 

It is worthy to mention that foundings obtained from this test make the enhancement 

conditions in far more suitable state compared to the results obtained from tensile test. On the 

other hand, it was observed that once BCN nanofibers are added in Klucel-G matrix, by 

prolonging the aging time period, folding endurance was almost maintained at higher 

concentration of BCN. In fact, BCN-containing nanocomposite exhibited a fairly well 

durability. Such higher mobility of BCN nanofibers is caused due to the formation of lower 

physical bonds. Folding endurance characteristics of BCN-based samples are maintained maybe 

for the same reason to which tensile strength characteristics was related, i.e. lower interface for 

exposure of coating to environment caused by the nano-scale dimensions. 
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Microscopic observations by SEM  

Based on the SEM images, presence of BCN Nanofibers onto paper samples is 

approved (Fig. 9). In these images, the conditions before (Fig. 9A) and after coating (Fig. 

9B) are showed. Also, as shown in images of Figure 9C and D, the coating properly has 

established a physical connection whit the fiber surfaces.  

 

 
Fig. 9. SEM micrographs of papers coated by BCN-based nanocomposites: 

 A. Main paper without coating; B. paper surface having 2% BCN-based coating; 

C. A fiber of paper coated by 2% BCN-based coating;   

D. surface of a fiber coated by 2% BCN-based coating 

 

Reversibility  

The amount of reversibility of materials have always been of the great importance ]8[. 

Owing to their similar chemical characteristic and compatible nature with the surrounding 

environment and with the substrate materials, cellulose nanofibers are able to minimize the 

degradation probability as well as  serious damage to paper works. Nevertheless, the following 

procedure is followed for making this coating reversible. Paper samples were immersing and 

subsequently washed by a mixture of 1:3 water ethanol solution (one part water with 3 parts 

ethanol) for 5 minutes. Thus, dissolution of this coating will be possible for Klucel-G polymeric 

and this cellulose-based composites resulting from reversibility of Klucel films in alcohol 

solvents ]12[ and to some extent in water ]30[. 

 

Conclusion 

 

Reinforcing paper works is one of the most important factors for their preservation. 

Utilization  of endurable and resistant materials for this purpose is of prime importance. The 
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results obtained in the present study shows that nanocomposite coatings prepared by adding 

Bacterial cellulose nanofibers in Klusel-G polymer matrix exhibited increased durability of 

mechanical properties as well as resistance to aging process; but on the other hand, showed 

decreased initial properties compared to those of pure Klucel-G matrix. however, paper works 

having the medium strength can be treated and protected by these nanocomposite coatings. 

Also, this composite coating limit the need of re-treatments for paper works.  

Results indicate that BCN nanocomposite coatings show more improved properties once 

samples are exposed to folding stresses. In sum, application condition of this nano-

biocomposite coating is mainly focoused on their preventive function as endurable and 

protective coatings for paper works. For other preservation conditions to be studied, 

complementary researches must be performed. Regarding to the type of accomplishments 

gained in the present study, attentions will be directed toward achieving more effective 

mechanical properties of this cellulose nanofiber as a new method for reinforcment of paper 

works.    

 

Acknowledgement  

 

The authors would like to thank Astan-e-Quds-e-Razavi central library department 

and the office of Conservation and Restoration of cultural-historical works as well as Tehran 

University of Art for all their supports.  

 

References 

 

]1  [  F. Emery, Process of preserving records, Patent US561503 (A)/1896. 

]2  [ S. Krapivina, G. Paskalov, A. Filippov, Gas plasma treatment for archival preservation of 

manuscripts and the like, Patent US5262208 (A)/1993. 

]3[ I. Bruckle, J. Dambrogio, Paper Splitting: History and Modern Technology, Journal of the 

American Institute for Conservation, 39(3), 2013, pp. 295-325.  

 ]4[ D.G. Suryawansh, P.M. Sinha, M.V. Nair, Evaluation of Adhesives and Supporting 

 Materials for the Process of Lamination of Old Documents, Restaurator, 17(4), 2009, pp. 

 229-237.  

]5[ E. Ardelean, R. Nicu, D. Asandei, E. Bobu, Carboxymethyl-chitosan as consolidation agent 

for old documents on paper support, European Journal of Science and Theology, 5(4), 

2009, pp. 67-75. 

]6[ H. Bansa, R. Ishii, The Effect of Different Strengthening Methods on Different Kinds of 

Paper, Restaurator, 18(2), 1997, pp. 51-72.  

]7[ J. Hanus, Changes in brittle paper during conservation treatment, Restaurator, 15(1), 

1994, pp. 46-54.  

]8[ P. Baglioni, R. Giorgi, Soft and hard nanomaterials for restoration and conservation of 

cultural heritage, Soft Matter, 2(4), 2006, pp. 293-303. 

]9[ S. Sequeira, C. Casanova, E. Cabrita, Deacidification of paper using dispersions of Ca(OH)2 

nanoparticles in isopropanol: Study of efficiency, Journal of Cultural Heritage, 7(4), 

2006, pp. 264-272.  

]10[ R. Giorgi, C. Bozzi, L. Dei, C. Gabbiani, B. Ninham, P. Baglioni, Nanoparticles of Mg 

(OH) 2: synthesis and application to paper conservation, Langmuir, 21(18), 2005, pp. 

8495-8501.  



MECHANICAL PROPERTIES OF BACTERIAL CELLULOSE NANOFIBERS BIO-COMPOSITE  

 

http://www.ijcs.uaic.ro 399 

]11[ G. Poggi, R. Giorgi, N. Toccafondi, V. Katzur, P. Baglioni, Hydroxide nanoparticles for 

deacidification and concomitant inhibition of iron-gall ink corrosion of paper, Langmuir, 

26(24), 2010, pp. 19084-19090.  

]12[ M. Afsharpour, F. Talaee rad, H. Malekian, New cellulosic titanium dioxide nanocomposite 

as a protective coating for preserving paper-art-works, Journal of Cultural Heritage, 

12(4), 2011, pp. 380-383. 

]13[ M. Konuklar, M. Saçak, A New Method for Paper Conservation: Triple Mixture of Methyl 

Cellulose, Carboxymethyl Cellulose and Nano-Micro Calcium Hydroxide Particles,  

Hacettepe Journal of Biology and Chemistry, 39(4), 2011, pp. 403-411.  

]14[ M. Henriksson, L. Fogelstrom, L. Berglund, M. Johansson, A. Hult, Novel nanocomposite 

concept based on cross-linking of hyperbranched polymers in reactive cellulose Nano-

paper templates, Composites Science and Technology 71(1), 2011, pp. 13-17.  

]15[ G. Siqueira, J. Bras, A. Dufresne, Cellulosic BioNanocomposites: A Review of 

Preparation, Properties and Applications, Polymer Science Journal, 2(4), 2010, pp. 728-

765.  

]16[ V. Favier, H. Chanzy, J. Cavaille, Polymer nanocomposites reinforced by cellulose 

whiskers, Macromolecules, 28(18), 1995a, pp. 6365-6367. 

]17[ V. Favier, G. Canova, J. Cavaille, H. Chanzy, A. Dufresne, C. Gauthier, Nanocomposite 

materials from latex and cellulose whiskers, Polymers for Advanced Technologies, 

6(5),1995b, pp. 351-355. 

]18[ H. Al-Turaif, Relationship between tensile properties and film formation kinetics of epoxy 

resin reinforced with nanofibrillated cellulose, Progress in Organic Coatings, 76(2-3), 

2013, pp. 477–481.  

]19[ V. Chauhan, K. S. Chakrabarti, Use of Nanotechnology for high performance cellulose and 

papermaking products, Cellulose Chemistry and Technology, 46(5-6), 2012, pp. 389-

400.  

 ]20[ C. Bilbao-Sainz, J. Bras, T. Williams, T. Senechal, W. Orts, HPMC reinforced with 

different cellulose Nano-particles, Carbohydrate Polymers, 86(4), 2011, pp. 1549-1557.  

]21[ Y. Chee Ching, A. Rahman, K. Yong Ching, N. Liana Sukiman, H. Chuah Cheng, 

Preparation and Characterization of PVA Based Composite Reinforced with 

Nanocellulose and Nanosilica, BioResources, 10(2), 2015, pp. 3364-3377. 

]22[ R. Hummel, W. Barrow, Lamination and other methods of restoration, Library Trends, 

4(3), 1956, pp. 259-268.  

]23[ R. Pinto, Ma. Neves, C. Neto, T. Trindade, Composites of Cellulose and Metal 

Nanoparticles, Nanocomposites - New Trends and Developments (Editor: Farzad 

Ebrahimi), InTech Publishing, 2012, pp. 73-96. ISBN 978-953-51-0762-0. 

]24[ R. Moon, A. Martini, J. Nairn, J. Simonsen, J. Youngblood, Cellulose nanomaterials 

review: structure, properties and nanocomposites, Chemical Society Reviews, 40(7), 

2011, pp. 3941-3994.  

]25[ D. Klemm, F. Kramer, S. Moritz, T. Lindstrom, M. Ankerfors, D. Gray, A. Dorris. 

Nanocelluloses: A New Family of Nature-Based Materials, Angewandte Chemie 

International Edition, 50(24), 2011, pp. 5438-5466.  

 ]26[ K. Lee, T. Tammelin, H. Kiiskinen. J. Samela, K. Schlufter, A. Bismarck, High 

performance cellulose nanocomposites: Comparing the reinforcing ability of bacterial 

cellulose and nanofibrillated cellulose, ACS Applied Materials and Interfaces, 4(8), 

2012, pp. 4078-4086.  



M. GHORBANI et al.  

 

 

INT J CONSERV SCI 9, 3, 2018: 389-400 400 

]  27[ * * *, Standard Test Method for Effect of moist heat on properties of paper and board, 

TAPPI T544 SP-03, Technical Association of the Pulp and Paper Industry, 2003,. 

]  28[ * * *, Standard Test Method for Tensile properties of paper and paperboard: using 

constant rate of elongation apparatus, TAPPI T494 om-01, Technical Association of the 

Pulp and Paper Industry, 2006.   

]29[ * * *, Standard Test Method for Paper-Determination of folding endurance, ISO 5626, 

International Organization for Standardization, 1993.   

]30[ Henry, Walter, et al., Consolidation/Fixing/Facing, (Chap. 23), Paper Conservation 

Catalog, Washington D.C.: American Institute for Conservation Book and Paper Group, 

1988, pp. 1-20.  http://cool.conservation-us.org/coolaic/sg/bpg/pcc/ [accessed on 

04.02.2016] 
______________________________________ 

 
Received: July 23, 2017 

Accepted: August 15, 2018 


