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Table 1. Pretreatment conditions for chelation

EDTA Temperature time Dryness percentage pH
(%) °c (minute) %
0.5 60 30 60 5-5.5
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Table 2. Treatment conditions of occ pulp with different percentages of hydrogen peroxide

Dryness Time PH NaoH/H20- Hydrogen Sodium Temperature
percentage  (minute) peroxide silicate Ce
(Percent) (%) (%)
10 90 10-11 0.8 0,051,234 3 70
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Figure 1: FTIR spectroscopy related to different levels of surface modification of occ fibers by hydrogen
peroxide
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Figure 3: The effect of different levels of sodium caseinate on the bursting resistance index of handmade papers
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Figure 4: The effect of different levels of sodium caseinate on the tensile strength index of handmade papers

35

2.5
" ab | | ab | [ @ | | ab | cab | | ab |

{(nNm2 /g)
M
=

15

0.5

blank 0.50% 1.00% 2% 3% 4% 5% 7% 9%

The percentage of sodium caseinate consumption

Figure 5: The effect of different levels of sodium caseinate on the tearing resistance index of handmade papers

77


http://dx.doi.org/10.22034/FSCT.21.157.67
https://fsct.modares.ac.ir/article-7-73715-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.67 ]

air passage

. a.l.&c‘)&p‘ &JL:J‘ la ng Cd delS J»;Jjj

)szﬁd\]@a}ﬂ}ﬁjd.ﬂ\)_’}

25

20

15

{ml/ min)

10

'bc .bc. .bc.

blank 0.50% 1.00% 2%

I
I :[ I
a
ab b ab
3% 4% 5% 7% 9%

The percentage of sodium caseinate consumption

Figure 6: The effect of different levels of sodium caseinate on the air resistance index of handmade papers

25
2
~ - I
E I
c
i=l
et
21 -
o
2 ab ab b
©
@ 05
©
=
0
2Ll 45 gl 0.50% 1.00% 2%

- I
I I
ab d ab d
3% 4% 5% 7% 9%

The percentage of sodium caseinate consumption

Figure 7: The effect of different levels of sodium caseinate on water absorption of handmade papers

Of ol il cpimman ol 0l salin LIS s
Sla S5s Ol 5 15m 358l o3 Caslie (531
pl.a wae) 5w hledd edalie JCagh nl gs omiles
bl By, S Olgea DL i ( lIs mlo
0L Lol G 3 waS 5 ol ) eslial Lol el

S Ol geas Ll oo plde slas )8 oDl &S das

78

&S et
DS e Sl a3l oS Ans o OLES anlllas ol gl
(BLob sblels W g s b e skl Olgea
FRN- S CU R P S TP RSTNT X GUL P PTR v P
o gl bl Bl 4l ol es 4 LIRS 5 Sles
o5 5 SO SAS 5l 00 Caslie 1Bl ey


http://dx.doi.org/10.22034/FSCT.21.157.67
https://fsct.modares.ac.ir/article-7-73715-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.67 ]

VEoY il (Y 092 Jdov B)LQ*:’

Q|j_| @l.'\.b 6\.—&3‘3}\94}#

L BL5L Gl b S35 0m «oo,5 o lnadlas]
5 i his Coenl 4 ar g LAS s Jges
il opg b S b (BLiL LK (nle )50 4
Bim 5 b e B pae JalS )5 ege 8 LIS e
Ol Kil5 o God nl S S ol G s lame
CHLL ae) 53 e laggsls an s Gl bl

kﬂuwcu)\wwu;wl},\.cs

[1] Wang, J., Wu, Y., Chen, W., Wang, H., Dong, T.,
Bai, F., & Li, X. (2022). Cellulose Nanofibrils
With A Three-Dimensional Interpenetrating
Network  Structure For Recycled Paper
Enhancement. Cellulose, 29(7), 3773-3785.

[2] Ervasti, I., Miranda, R., & Kauranen, I. (2016).
Paper Recycling Framework, The “Wheel Of
Fiber”. Journal Of Environmental Management,
174, 35-44.

[3] Statista, 2018. Production Volume Of Paper By
Type.

Https://Www.Statista. Com/Statistics/270317/Pro
ductio.

[4] Hammerle, FM.,2011. The Cellulose Gap (The
Future Of Cellulose Fibres). Lenzinger Ber, 89:
12-21.

[5] Ghahramani, N., Ramezani, O., Kermanian, H.,
Vatankhah, E., & Kousha, M. (2018). Acidic
Prehydrolysis Role In Dissolving Pulp Production
From OCC. Iranian Journal Of Wood And Paper
Industries, 9(3), 441-457.

[6] Nejati, V., Khosravani, A., & Behrooz, R. (2020).
The Effect Of Kaolinite On The Properties Of
Lignocellulose  Superabsorbent From  Old
Corrugated Container Fiber Fines. [ranian
Journal Of Wood And Paper Industries, 10(4),
531-542.

[7] Patrick, K., 2011. Dissolving Pulp Gold Rush In
High Gear. Paper360°, 8-12.

[8] Fu, J, Yang, F., Cheng, F., & Guo, Z. (2022).
Preparation Of An Electrically Conductive,
Flame-Retardant, And Superhydrophobic
Recycled Paper. Colloids And Surfaces A:
Physicochemical And Engineering Aspects, 642,
128671.

[9] Gupta, U. S., Dhamarikar, M., Dharkar, A.,
Chaturvedi, S., Tiwari, S., & Namdeo, R. (2021).
Surface Modification Of Banana Fiber: A Review.
Materials Today: Proceedings, 43, 904-915.

[10]Wen, J, Yin, Y., Peng, X., & Zhang, S. (2019).
Using H202 To Selectively Oxidize Recyclable

79

U Caaslin sl 3 5m0 53 Si3s g et
Coaslin o5 L kS Loe LIES _SlKe sla S35
eslinal Ol (Bl gLl a5 S
Sl oo ciltie mlio 3 WO 5l e 28
ool iz Vb (gl 5 Bl dslS oS Y pames
bl Olgeas O3ssdn deST Sl eolial o

Olypsay LSS e 5 B s Osplitns]

@L’.c -0

Cellulose Yarn With High Carboxyl Content.
Cellulose, 26(4), 2699-2713.

[11] Coseri, S., Biliuta, G., Simionescu, B. C., Stana-
Kleinschek, K., Ribitsch, V., & Harabagiu, V.
(2013). Oxidized Cellulose—Survey Of The Most
Recent Achievements. Carbohydrate Polymers,
93(1), 207-215.

[12]Zare Moveidi, M., Nazarnejad, N. And Resalati,
H. (2014). The Effect Of Fiber Surface
Modification And Dodmak Treatment On The
Characteristics Of Floating Paper. Master's Thesis.
Sari University Of Agricultural Sciences And
Natural Resources, Faculty Of Natural Resources.

[13]E Tamova, R. Drochytka, V. Cerny, P. Cada,
"Development Of Organic And
Biodegradableinsulating Material For ETICS",
Procedia Engineering, 2017.

[14]AK. Pandey, V. Kumar, "Impact Of
Environmental ~ Pollution ~ On  Historical
Monuments Of India: Conservation Problems And
Remedial Measures", Appl. Geochemistry. 17, 50-
55, 2015.

[15] M. Vittuari, M. Pagani, TG. Johnson, F. De Menna
"Impacts And Costs Of Embodied And Nutritional
Energy Of Food Waste In The US Food System:
Distribution And Consumption (Part B)". J. Clean.
Prod. 252, 119857, 2020.

[16] Yagubzadeh, H., & Razani, M. (2022). A Review
Of The Chemical Structure, Applications And
Methods Of Identifying Casein Adhesives In
Historical Properties. Journal Of Studies In Color
World, 12(1), 37-50.

[171H. Mckenzie, "Milk Proteins V1: Chemistry And
Molecular Biology", Elsevier, 2012.

[18] Sedifi, Berdia, Nazarnejad, Nuruddin and Sharifi,
Hassan. (2018). Studying the production of
packaging papers with the combination of
polycaprolactone (PCL), nanocrystal cell (NCC),
nanozinc oxide (ZnO) and investigating their
resistance, barrier, optical and antimicrobial
properties. Master's thesis. Sari University of


https://www.statista.com/statistics/270317/productio
https://www.statista.com/statistics/270317/productio
http://dx.doi.org/10.22034/FSCT.21.157.67
https://fsct.modares.ac.ir/article-7-73715-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.67 ]

VEOY daal YN 0,03 VOV o Lt

D|j_‘ &l.'\.b c‘w;f}\&d;u

Agricultural Sciences and Natural Resources,
Faculty of Resources normal.

[19]Karimi, Laleh, Ariaei Monfared, Mohammad
Hadi and Afra, Elias. (2020). The effect of cationic
polyacrylamide and cationic starch on the addition
of palonia nanofibers to improve the
characteristics of paper pulp obtained from old
congress cardboard. Master's thesis, Gorgan
University of Agricultural Sciences and Natural
Resources, Faculty of Natural Resources.

[20] Liang, L. I., & Luo, Y. (2020). Casein And Pectin:
Structures, Interactions, And Applications. Trends
In Food Science & Technology, 97, 391-403

[21]Rasoolpour Hedayati, Nasser, Nazarnejad,
Nuruddin, & Ramezani, Omid. (2013). Surface
Modification Of Kraft Pulp Fibers In The Presence
Of Chitosan Polymer. Journal Of Forest And
Wood Products, 67(3), 489 501(In Persian).

[22]Carlsson, M., Stenman, D., Merényi, G. And
Reitberger, T. (2005). The Carbonate Radical As
One-Electron Oxidant Of Carbohydrates In
Alkaline Media. Holzforschung, 59: 143—146.

[23]1Bhardwaj, N. K., Nguyen, K.L. (2005). Charge
Aspects Of Hydrogen Peroxide Bleached De-
Inked Pulps. Colloids And Surfaces A:
Physicochem And Engineerig Aspects, 262 (1):
232-237.

[24]Rudi, H., Atun, D., Jalali Torshizi, H., & Djafari
Petroudy, S. R. (2018). Effect Of Applying
Cellulose Nanofibers On The Properties Of
Multiply  Paper Made From  Recycled
Fibers. Iranian Journal Of Wood And Paper
Industries, 9(3), 359-369.

[25] Ahmadi Lajimi, A., Azadfallah, M., Rahmaninia,
M. And Hamzeh.,Y., 2017. The Potential Of GL
As A Cationic Polymer To Control The Stickies
Of OCC Pulp. Iranian Journal Of Wood And Paper
Science Research, 33(2): 258-269.

[26] Delgado -Aguilar, M., Gonzalez, 1., Pélach, M.A.,
De La Fuente, E., Negro, C., And Mutjé, P. (2015).
Improvement Of Deinked Old Newspaper/Old
Magazine Pulp Suspensions By Means Of
Nanofibrillated Cellulose Addition. Cellulose,
22(1): 789 -802.

[27] Andalibian, M.A., Mahdavi, A., Kermaian, H.
And Ramezani, O., 2013. Strength Improvement
Of OCC By Thermal And Chemical
Treatments.Journal Of Wood & Forest Science
And Technology, 20(3): 139-151.

[28] Ghaffari, M., Ghasemian, A., Resalati, A. And
Asadpour, Gh., 2012. Determination Of The
Optimum Use Of Cationic Starch On The Basis Of
The Mechanical Strengths Of Mixed OCC And

80

Virgin NSSC Pulps. Iranian Journal Of Wood And
Paper Industries, 2(2): 121-133.

[29]Fu, J., Yang, F., Cheng, F., & Guo, Z. (2022).
Preparation Of An Electrically Conductive,
Flame-Retardant, And Superhydrophobic
Recycled Paper. Colloids And Surfaces A:
Physicochemical And Engineering Aspects, 642,
128671.

[30]Ryu, J. 2009. Properties Of Handsheet Made Of
Multilayered Fibers With Polyelectrolytes At
Different Ph And Conductivity. Ph.D. Thesis.
Department Of Forest Sciences. College Of
Agriculture And Life Sciences. Seul National
University.

[31] Tayeb, A. H., Hubbe, M. A., Tayeb, P., Pal, L., And
Rojas, O. J. (2017). Soy Proteins As A Sustainable
Solution To Strengthen Recycled Paper And
Reduce Deposition of Hydrophobic
Contaminants In Papermaking: A Bench And
Pilot-Plant Study. ACS Sustainable Chemistry &
Engineering, 5(8): 7211-7219.

[32] Akbarpour, 1. (2023). The Effect Of Enzymatic
Pre-Treatment Of Recycled Pulp With The
Combined Sequence Of Cellulase And Laccase In
Hydrogen Peroxide Bleaching. Journal Of Wood
And Forest Science And Technology, 30(2), 87-
107.

[33]Liang, L. 1., & Luo, Y. (2020). Casein And Pectin;
Structures, Interactions, And Applications. Trends
In Food Science & Technology, 97, 391-403.

[34]Ma, X., & Chatterton, D. E. (2021). Strategies To
Improve The Physical Stability Of Sodium
Caseinate Stabilized Emulsions: A Literature
Review. Food Hydrocolloids, 119, 106853.

[35]E. R. E. Mark, Jr. C. C. Habeger, J. Borch, M.B.
Lyne. M. Decker,(2002). Handbook Of Physical
Testing Of Paper. 1(2002), 562-873.

[36]Belyamani, I., Prochazka, F., & Assezat, G.
(2014). Production And Characterization Of
Sodium Caseinate Edible Films Made By Blown-
Film Extrusion. Journal Of Food Engineering,
121, 39-47.

[37]Belyamanlalitha, S., Srivastava, V., Schmidt, L.
E., Deshpande, A. P., & Varughese, S. (2022).
Multiscale Approach To Studying Biomolecular
Interactions In Cellulose—Casein Adhesion.
Langmuir, 38(49), 15077-15087.

[38]Lalitha, S., Srivastava, V., Schmidt, L. E.,
Deshpande, A. P, & Varughese, S. (2022).
Multiscale Approach To Studying Biomolecular
Interactions In Cellulose—Casein
Adhesion. Langmuir, 38(49), 15077-15087.


http://dx.doi.org/10.22034/FSCT.21.157.67
https://fsct.modares.ac.ir/article-7-73715-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.67 ]

JEST No. 157, Vol. 21, March2025

ABSTRACT

Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Production of test lines paper with occ modified fibers and sodium caseinate crosslinker

Nuruddin Nazarnejad!*, Mehran Paster?

1*- Corresponding author, Associate Professor, Department of Engineering Science and Wood and Paper
Industries, Sari University of Agricultural Sciences and Natural Resources

2- PhD student in wood industry and cellulose products, Sari University of Agricultural Sciences and Natural

Resources

ARTICLE INFO

ABSTRACT

Article History:
Received:2024/2/4
Accepted:2024/6/12

Keywords:

fiber surface modification,
fiber oxidation,

casein

10.22034/FSCT.21.157.67.

*Corresponding Author E-
azarnezhad91@gmail.com

Currently, there is significant competition in recycling waste
paper and using it for producing various types of paper used in
the packaging sector. The paper derived from recycled pulps
lacks good strength due to the gradual shortening of fibers and
the reduction in bonding characteristics. Considering this
challenge, in this study, after converting old corrugated
containers (OCC) into pulp and then refining them, they were
oxidized in an alkaline environment using hydrogen peroxide at
varying percentages of 0, 0.5, 1, 2, 3, and 4 to create diversity
and increase reactive groups. Sodium caseinate was then added
to the pulp suspension at levels of 0.5, 1, 2, 3,4, 5, 6, 7, 8, and
9 percent as a cross-linking agent. Finally, standard handmade
papers were produced from them. The status of the formed
functional groups was measured by FTIR spectrum, and the
mechanical strength and water absorption of the produced
papers were measured according to the standards of the
Technical Association of the Pulp and Paper Industry (TAPPI).
FTIR results showed that the oxidized pulp samples had high
absorption at the wavenumber 1650, which corresponds to the
carboxyl group. Additionally, the calculation of the carboxyl
groups using the methylene blue absorption method indicated
that the highest amount of carboxyl groups was in the 1 percent
hydrogen peroxide treatment. The addition of sodium caseinate
to the pulp suspension significantly increased the mechanical
strength of the resulting papers.
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