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1- Acetylation
2- Nanofibrillated cellulose
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1- Neuron

2- Boiler

3- Brightness

4- Multivariate adaptive regression splines
5- Multilayer perceptron networks

6- Genetic Algorithm (GA)
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1- American southern pine (Pinus spp.)
2- Farinret

3- TAPPI Standard

4- Solvent extraction
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Table 1. The series of handsheets produced in this study.

el 8 (2el) 038 il Jlag 0l S ot 1215
Abbreviation Acetylation time (h) Composition Handsheet
el s Ul S5
UMP A5 e ol
Pulp (et dop2Vee)
. . . Unmixed paper
MAP-0.5h /0 oddalaal dels W]
U 0.5 / Asaloal 1S s il (100% Pulp)
UMAP-1h ) Acetylated Pulp
UMAP-3h ¥
MP NFC+ Jels s U =S5
Pulp + NFC (NFC a5 Vo et Ao 344)
MAP-0.5h o sckdalinl LB ot L Mixed Paper
' NFC+ (90% Pulp + 10% NFC)
MAP -1h \ Acetylated pulp + NFC
MAP-3h ¥
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Table 2. The series of treated handsheets.

Solal U (cele) ol 0l el
Abbreviation Treatment time (h) Specimen
AUMP-0.5h 05 S St S

AUMP-1h 1 Unmixed paper

AUMP-3h 3

AMP-0.5h 0.5 S 5 Aels

AMP-1h 1 Mixed Paper
AMP-3h
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1- Field-emission scanning electron microscope
2- Fourier transform infrared spectroscopy

3- Perkin—Elmer Spectrum RXI

4- One- way ANOVA
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1- Train

2- Cross validation
3- Test

4- Step Size

5- Momentum Rate
6- Mean square error
7- TanhAxon
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Table 3. The evaluated models, transfer functions, and learning rules for choosing the best model.

&:UJV.:;J_SJ\ PR NP JLE:J\GU F s pas 3 Jde
Genetic Algorithm Learning Rule Transfer function Neural network model
S5 oo s S ol pan pre s O5ST It @V 055w
With GA Momentum Than Axon Multilayer Perceptron (MLP)
S5 oS O e dsiatd 03eST 43 308 B g o
. Conjugate . . Generalized Feed
Without GA Gradient Sigmoid Axon Forward (GFF)
h:)_)“}s_)\ﬁ Jf.v_,.! u_,m.ST @‘}Lﬂ?‘ ‘jl.a‘ ;b‘q—‘ J',:Ju
Levenberg . Principal Component
Marquard Linear Tanh Axon Analysis (PCA)
s SsS OeST 48 oS EALSIPt
Quick Propagation  Linear Sigmoid Axon Recurrent Network
s 5L Ws O5ST Sk il bos plad slaeslt
Delta Bar Delta Soft Max Axon Radial Basis Function (RBF)
i 0 puST ol Sl slaass
' . Probabilistic Neural Network
Step Bias Axon (PNN)
Cou g W
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1- Generalized feed forward (GFF)
2- Epoch
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Table 4. Values of errors and linear correlation coefficient for different paper properties.

sl ol Sk dsb Sobhacueslis yarls S S
Water absorption  Breaking length Tear index Bulk Performance
(153 W
18.656 0.044 0.002 0.006 &s ok
MSE
ok Jbo j Uast Sl
0.039 0.090 0.042 0056 oA e ot
NMSE
o llao 5 Sl
3.247 0171 0.034 0.021 s 58 5L
MAE
5 V]
0.162 0.034 0.0001 0.0003 s s S
Min Abs Error
5 L (ST
10.483 0.413 0.145 0.073 s s Yoles
Max Abs Error
0.985 0.982 0.979 0978 (' o Sieen gy

1- Linear Correlation Coefficient
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Figure 1. A) Comparison of actual network output with desired output B) Training MSE and Cross
validation MSE against Epoch.
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Figures 2. Electron micrographs of (A) Pulp and (C) NFC, from the commercial pulp produced from
southern pine wood.
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Figure 3. Normalized FTIR spectra of unmodified and acetylated pulp fibers.
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Abstract

Background and objectives: The strength and barrier properties are some of the
most important required features for kinds of paper, especially printing and
packaging paper. So one of the important research areas in the paper industry is
researching to improve these properties. In this research for the first time, the
artificial neural networks (ANNs) were used to predict the strength and barrier
properties of nanofibrillated cellulose reinforced acetylated papers.

Materials and methods: Nanofibrillated cellulose (NFC) was produced from
bleached commercial pulp using grinding method. Paper modification was
performed using two methods including acetylation of pulp fibers before paper-
sheet making, and acetylation of made paper-sheet. Pulp and paper acetylation
process was performed in liquid phase at 70 °C for 0.5, 1, and 3 hours. The success
of chemical modification was confirmed using Infrared spectroscopy. Two kinds of
paper (unmixed and mixed paper) were made. The paper properties, including
thickness, basis weight, bulk, breaking length, tear strength, and water barrier
property were measured. In order to design an artificial neural network, the type of
treatment (treatment of fibers and paper treatment), treatment time (0.5, 1, and 3 h),
and types of paper (unmixed and mixed paper) were considered as input data, and
the physical, mechanical, and barrier properties of the paper (bulk, breaking length,
tear index, and water absorption) were considered as output data.

*Corresponding author: m.mashkour@gau.ac.ir
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Results: Among all the papers, the weakest strength and barrier properties were
obtained for the paper made from the acetylated pulp. The best paper properties
were obtained by the acetylation of paper. According to the results, the acetylation
of paper had no significant effect on the physical and mechanical properties of
produced papers (p>0.05). Acetylation led to decrease in the water absorption of
unmixed and mixed papers about 24.5 and 48%, respectively. Generalized feed
forward artificial neural network with one hidden layer, Tanh axon- transfer
function, and momentum as learning rule was chosen as the best network.
Conclusion: The designed artificial neural network could predict the paper
properties with high correlation coefficient (R’= 98.11).

Keywords: Artificial neural network, Nanofibrillated cellulose, Paper modification,
acetylation, Paper properties
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