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Avrticle Info ABSTRACT

Article type: Background and Objectives: Increasing the use of recycled paper in the
Full Length Research Paper  production of linerboard and corrugated paper is a key strategy in the
papermaking industry, motivated by both economic and environmental
concerns. However, recycled fibers gradually lose strength after multiple

Article history: processing cycles. To compensate for this loss, several studies have
Received: 09.18.2025 examined the incorporation of virgin fibers into recycled fiber furnishes to
Revised: 12.26.2025 improve paper strength and quality. Due to restrictions on the use of virgin
Accepted: 01.14.2026 forest-based fibers and the enforcement of environmental policies, the pulp

and paper industry has increasingly focused on non-wood plant fibers and
agricultural lignocellulosic residues as sustainable and cost-effective

Keywords: alternatives. This study investigates the effects of adding different
Date palm waste, proportions of virgin fibers derived from two types of date palm
Kraft pulp, lignocellulosic wastes, rachis (R) and empty fruit bunch (E), to pulp
Old corrugated containers,  produced from recycled old corrugated containers (OCC). The study
Paper recycling evaluates and compares how these additions influence paper properties,

highlighting the potential usability of these agricultural residues.

Materials and Methods: Date palm lignocellulosic wastes (R) and (E)
were collected from plantations located in Dashtestan, Bushehr Province,
Iran. The wastes were air-dried, crushed, and separately pulped using the
kraft process under an effective alkali charge of 20%, sulfidity of 25%, and
a cooking temperature of 165 °C. The cooking durations were set at 120
min for rachis and 20 min for empty fruit bunch. The resulting unbleached
kraft pulps were characterized by determining kappa number, yield, and
freeness. OCC pulp was obtained from Golestan Persia Paper Mill
(Gorgan, Iran). Each type of virgin pulp derived from date palm wastes (R)
and (E) was separately blended with the OCC pulp at substitution levels of
10%, 20%, 30%, 40%, and 50%. Standard laboratory handsheets with a
grammage of 120 g/m2? were prepared from these mixed pulps in
accordance with TAPPI standard procedures. The physical, mechanical,
optical, and barrier properties of the produced papers were evaluated

AY



according to TAPPI standard methods using the available instruments in
the Pulp and Paper Laboratory of Gorgan University of Agricultural
Sciences and Natural Resources.

Results: Blending unbleached kraft pulp derived from lignocellulosic
waste materials from date palms, specifically the rachis (R) and empty fruit
bunch (E), with recycled OCC pulp significantly enhanced the physical and
mechanical properties of the resulting papers. Increasing the proportion of
virgin pulp in the mixture improved the tensile strength, burst strength, ring
crush test (RCT), and folding strength indices. Overall, papers made with
virgin pulp from empty fruit bunches demonstrated better performance than
those made with pulp from rachis. Additionally, an increase in density and
a decrease in air resistance were observed in samples containing virgin
pulp, indicating a denser and more coherent paper structure. However,
treatments that included virgin pulp exhibited reduced brightness due to the
residual lignin present in the virgin pulps. Furthermore, the tear index
showed less sensitivity to changes in pulp composition compared to other
properties, likely due to the direct influence of fiber length and the
uniformity of refining in the treatments.

Conclusion: Despite its environmental and economic advantages, the
paper recycling process presents challenges such as diminished fiber
quality and lower durability of the final product. In many regions, abundant
lignocellulosic waste from date palmsparticularly (R) and (E) is often
disposed of or incinerated without full utilization, leading to notable
environmental repercussions. The findings of this study indicate that
incorporating unbleached kraft pulp derived from these lignocellulosic
wastes, especially (E), into the recycled pulp composition significantly
enhances the physical and mechanical properties of recycled paper.
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Table 1. Kraft pulping of date palm lignocellulosic wastes for preparing unbleached pulp.
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Figure 1. Steps for producing paper handsheets from the combination of recycled OCC pulp and kraft pulp
derived from two types of date palm lignocellulosic wastes.
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Figure 2. Coding of treatments with different mixing percentages of virgin pulp and OCC pulp for the
preparation of handsheets paper.

OCC [les (o dns oo 0L 1) L2l i,
4 S S5 eS andls (olnd Aald 5ad Ol sy
gl S e Ol ALl gleles LA
Jobs glasles 53 SUI bl s S ams
o Ol oplple tCal LadElS e Lo
0t mhaw GE 5 R lojles Ol Jiulsil &8 23 8
3 A sl b ool W5 4 et
S Sl S p Kl & 25 SR
33 O oo gl 0l AL S50 30 2l
J5 s sS) Slals 5l ol SRS e
Sl s 5B 8 OCC JolS ozt 4 Lo >
Gl b Gllas ol wils fuol> gdElS asls
Slads slaad G L (YY) OLes 5 s
SalS 5 o sl sty Wse JES 3L

Ol ﬁjvﬁ)b 5 A UL 6 A Cilaal

1- Hornification

ﬂ

(o]

L gl Kb sl Sy 3l S amdls
2l o Sre ool Ll el anls
SRS S e b S s (S sl S
BES wdls Il el ki bty Calis
0> B als VL S s JSosbe s
Lo SRl B wnils 5 talS ool 5Ll S
Sssas s S ey e Ske aylie (V)
S s Ll il e edalis B T S
s @l e s B b il glasles
CLIES o 53 atdls Jldis Slas s B2
Sk Wy slelS o 3 5 E 4 by e dals
g omms 5> il EBO 4y by o dadEIS st B3|
LR JE S el s bl wsys Jaulidl b
2GS ol Sl OCC LS e

LIS arcily 4 53 5 Sl ol sl LIS



VEr €€ 0)loud Y'Y 0,95 (SR> 9 09 (53918 9 pobe S ldg R & b

Bl B el 5 oh (ST Jbt slelas Sl gass Gl 5wl Jials SU
53 e (YY) 0L P OA N) 55 S s g o J:L“J JSVS Camols L
03558 &S ey amD opl 4 2 Ak (ol e A 8 5 Sads Ul
OocCcC .,Lpliﬁ,w- @ w\fb_ Sls s Jiz J&‘Sﬁp ‘}ig Ul 059580 S s andls Sl ol ol
) 355 0 JES atenils (ol 31 e SR N VTS WIS B T S

09 -

038

a 07

%go.s :

; ?Eo‘s

5

\ﬁ. 2 03

< 02

0.1

04

ocC R RI0 R20 R30 R40 RSO E  EI0 E20 E30 E40  ES0
e led
Treatments

BN SIS s 5 dalds SIS e 51 Jolo JBLS anils Ayl —¥ K3

Figure 3. Comparison of the paper density from control and blended pulps.
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Figure 4. Comparison of the paper burst strength index from control and blended pulps.

A

L alkels B QJ:SJJ LY C;AJLE.A u..a:—L..:: ﬁ.}l.i&
O35l Ad oy bl & O5a30 LY i

Olaabl o 53 158 5 a4y Luaslde ulols 5



OlSKed g bl floay [ o b0 g STy CB1 S AL prod LIS 1 du Lo

Slasles  osd e sdalie &S, bolks L
Sob o Caslie el gols e U il
lae 5 cl wsl OCC wals [l 4 oo
o Sonp glasls 53 bajles ST s eddg S eIl
3o SOk & Caslas (S sba s I3 s
OUIl e s gy b oS5 i o6 oSO
eSS 5 L s S 3 dob 4 il
S il e &S G0l s (Saew DU
A e SBUIL Sl a0 ol Gua b
b 3l gl gme osls (e 2V OCC
o ol Sl Al sy DU S
el 0 SO w Cuslie yaxles Bl ol
il L ald Jled S 4 Soop bl
Ao Sl S S e UlSe il
6 OCC LE 3 R S sladels paxt LMl
Shoa Sl el LI e 5 LG
2 sdeliese Lol ol ol als
3550 55 (VoY) O 5SS (g anr s
B ez & PBL S SUL B e 058

O 5l callee 3L 5L

(Sobow sl Larls 1 SHL 4 cuplie
SenS Gl 3350 (555 e &S el ot
e Ll e S ) LS e Ol 1) AL 4 pas
5 el Sl Sl Bl sl Lo SU SO
gl Ol o U CnSs 5SS 4t o
Coaslie O Jsb e Taes jarls ol
syl S5 Ul gladise <ol 5 Lol i
DU o Ly Zeaslin 5 g5 bl (V) YY)
Ao SU S Gl B 55 e
g el e Ol (g5laldr gl o b ae (5
SUl e @68 sy 5l sllels s
Bl S0k 4 65 5 G e R Ll
Lo obbdels s &S Jss bl o olasl U
0L L G WK 35 oins sladisy
lgee Sl (S5 osdpe U 51 U
Sl sy 5 s e RIB L YL
e S e o5 S 51 Ul el
Ll Jolse oS5 cnl & 258 00 5 SN ISb
(YY) 255 5oL w Coslie atls fals & >
boCaslie Larls 0] ml S0le amlie
sdaline B 0 o s sl 53 28 sladised S

}i 5.6
4.9

3
by a bc  bc  bec bed be bc  cd
J =42 fg g cde  def def ef

~
r o
= E 35 4

2
“,:'3 £ 28
13
4 B 211
D5 14
.h ﬁ
) 0.7 1
kS
", 0 -
= ocC R R10 R20 R30 R40 RS0 E E10 E20 E30 E40 ES50

Lo
Treatments

N LIS e 5 Aals S s ) ol B SL 4 gl Las s awslie -0 ISS
Figure 5. Comparison of the paper tear strength index from control and blended pulps.
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Figure 6. Comparison of the paper tensile strength index from control and blended pulps.
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Figure 7. Comparison of the paper RCT from control and blended pulps.
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Figure 9. Comparison of the papers air resistance from control and blended pulps.
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