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Figure 1. Structural formula of Zeolite (right), Cationic Starch (middle) and Cationic Polyacrylamide (left)
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Tab. 1 Cationic Starch Specification

(D.S)Msul as s Pl s s S oy sles pH Cosby
Degree of Substitution Viscosity 6% Ash Cooking Temp. Moisture
0.03 325-500 cP 3.3% 85-90°C 6.5 7.8%
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Tab. 2 Nano Zeolite Specification

&) pH 6.)\.d.w 4y yﬂ?— M)) \:A‘)Ja) Qb} 0)\.,\;‘ C)J.
Colour Whiteness Purity Moisture Particle Size Type

1. Clinoptilolite



KW 8-8.5 93-99% 99% 1% 38 nm Clinoptilolite
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Tab. 3 Cationic Polyacrylamide Specification
&l) Y'OC)éﬁjjg.mij J.Al}}ljﬁ (Y'OCLSLAJJJ\'gll)pH
Colour . . Solid Content
Viscosity @ 20 °C (10g/1 @ 20 °C)
Off-white shell 5500 cP 25 % < 3.5
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Figure 2. Effect of binary and ternary Nano-zeolite-based additive complexes on total retention of OCC
recycled pulp
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4.5 CPAM: Cationic PolyAcrylamide

4.4 CS: Cationic Starch
- d S .
£ 43 NZ: Nano Zeolite
o Al
E 4.2 iffl cd
4.1 |
%, | be be
] on &
'E 3.9 ‘ ab ab :\\\‘§\
g it \ B
3.8 \\\ N
3.7 \\Q S
36 | \J .
is | B
B C“: S t{*"“’{w«b\’“ b Lceamd: : eIy ;‘f,“p'«'l“ ;'% o
cs cs cs sVt LCRAMOZ \, Y cpaMd-

s\ e S\ \‘/~

OCC JiT 51 (#Bl3k Bl s 51 5T 0l 1 S5 3l g0 G a5 G 92 Gl eSS0 ¥ S
Figure 3. Effect of binary and ternary Nano-zeolite-based additive complexes on drainage time of OCC
recycled pulp
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Figure 4. Effect of binary and ternary Nano-zeolite-based additive complexes on drained water from OCC
recycled pulp in DDJ analyzer
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Figure 5. Effect of binary and ternary Nano-zeolite-based additive complexes on caliper of OCC recycled
paper
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Figure 6. Effect of binary and ternary Nano-zeolite-based additive complexes on density of OCC recycled
paper
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recycled paper

e d-\,'Sj" u.arl..;

Sl el gl Sl e 5 (63,8 Ol [l (s syl i, B SAS 5 ol s Cueslie 3JUT
o 2 o S b s 0505 Slgie L g )y (o8 5l LIS e it LB &S 55, 0 G (gL Ol g
Sl B ey 3 ee 5L G5 Sl L OpnsT al 5o Y @) S i bl 5 et Gl (J 5 Jam
b s e sl (b s bl el w1 OF &S spde s (SAS 5 51 iy LS Ly Jess LB LS
5 e MY L LSS5 s s IS anlie b it 3l eslizad L0 1) A5 e AT (kv Y puams
sl aza 5 Lerdbio a e el cpldas o Sl 4{)3‘56-);.34:.\«4.L‘jw}k&‘k};ﬂlﬁ\oT&)J}J}S‘)Jv\?‘
S e 53 S oo (Ko 05 1) Gk 5L 5 053 WIS e Fs Gl 1) esde JE 5 Je
5 35 Sl Ol ceS @ YL cnles 5 Gy o o 8l AS (e ls ailes Sl wll 5 0uS S e ls
(Y 0) coslods O i C‘jjjw‘)lb@fw).irb Jw)\éfS‘uiju}Ul Ll a geS Saols 5 & gem
Gloaas la 5ol 51 BLsL LK w5l slecaws o8 cxle s sl sl S 4w 5 S s sladlle Jlesl
LS S el i e L) (V0 ) G 5 il s e 5 Saor il 4 e Shyid S
5 S e Sl ot Gy 5> sl S ,Ss Whea (A ISE) o8 Mald Sl b alis 3 (S 5550 555
O Gl e sl ;}} orl 3 e s S sy s 9o wble baslie j3 S 5 (e ls Ll 5 (s 5 s
A3 S edaline wlelus 53,8 53 S 55550 5 5418 Calises Cj.ld—w



1.8 CPAM: Cationic PolyAcrylamide

~ CS: Cationic Starch
:EL 1.6 NZ: Nano Zeolite
Z
<
g, 1.4
=
S
o 1.2
. b |
=
= 1
-
7 |
g i
m 038

0.6

prank sy // Jr\ 1\\ \“f’ N [l\.l‘:;f‘l T W02 (70A% 70 1‘; NN
Pt S\ cs1e (‘_\\\o”‘ \\\\\?—’ \\\07—

CSV* LC‘D\ N,D)((\‘ ‘11‘,)«-(-"

OCC U1 5l B3k 3818 0uS 5 Lasls 5 gospl sl S aw 5 S 55 GBS 36 A S
Figure 8. Effect of binary and ternary Nano-zeolite-based additive complexes on burst index of OCC recycled
paper

Bl SoL pasls

Lolds 0 S0l oSS gl (oo 1S o Ae) JES amin 5 ges edddles] (55,5 5 olbre (SOL 2lp 5o sl
5 (ol Cubis 5 Jsb) S5 Caslie dile sla Sy 5l 20 SHL ol 50 B8 VU cuslie .ol Jlanl S5L
TA Q) LBL e LIS s by st d B (5,8 IS kS L i VL5l oS (5L (SU sl
5 esls Wl 6y sl Lol K155 e YU Sk Conslin Slls Slshe 5 d8lS ¢ eslie sla Shis s aslen (0 )
Silwaads 35 5 LS (Gl S) Bl Lalpl L odas ialS gols,ll s Jo 5 Jem e o L WYE 4 ijla;-
Ssasl b g o3y 35 Sl el jgeate 50 (SUL GRS plp 5n B Caeslie glis,l sl B e Sle s (g5
s 5 (7 S8 (Bl (S Olea L 3L S (bl & i) ol w58 (5 sk 58I slsm Sl (520 22 0 oSG
ol 5l 3 8 e B s 5 S el 5l Ciles 5 RS Gl eSS &F VAP F P TP I SV S Voo W] L= WO
B8 b smee 3 (6 min gl slaas Gslayl 3 danly 50 (0 JSK2) AR LT Slecas LS culis s sdiedslis
s s 8 e ) SOL ela il a5 oS syl 5B S L p\.\:@ﬂdﬁiﬁ S5 4 Sob s 2
s aiS Gyt dals sled g ol gme 50 0l S a5 S s olend slee ladble uxls slasles § goee
3 abesd lye i aw albla s Sy Ks dibes (4 JK8) ClaziS o [y IS S5 atls sl YL G
G128 pde a0 Camd 55 S B350 2008 5 03 Jlayss S 5 wlile balis )5 (st (Shwsspg 5 SUI
;iuucj.ladw)l:w Sl wle 5l glals S e wble js Jb pl Lcles o L sV SoL sl
s edaline cd 85 460



o
2]

CPAM: Cationic PolyAcrylamide

w d
EL 14.5 CS: Cationic Starch
~
NE 14 NZ: Nano Zeolite
Z 13.5
3 c——¢ be

13 b o
5 | «
o 125 a \\\
g o

]S

0 =
[ 11.5 ‘ ‘ §

11 3\}\\\\ l\i\\x »

Aank s\l 0" 02 g03% AT R e C
* gs\“’ﬂ !:sl“’“*\] N H‘v,«»:c“ ::::0 2 /n*‘w‘;“z ofe *“] Pt

-\»C g1

(ﬁ-“‘/« H\“/n

OCC Ul 51 (#lsk 618 (S jasle p basdl slgn S am s G 90 Sl heS H56 -4 I
Figure 9. Effect of binary and ternary Nano-zeolite-based additive complexes on tear index of OCC recycled
paper

IS (65 doS

e e g 3 BL5L K e S e (giladads wlole 3 sl 0)3 Olgea S350 38 S0 e
Gl S wbole 3 S50 Jsad 45 30LE 558 bl S1 L el emas 5518 walil 53 5 JsslS walis
55 ohe s alile ol 3 e g ol s JEIS 5 B e la S5y 3 G tie sep 5 WL Sesl8 L S1 L
b #5550 4l 51 clen S Ll S 28 Jlb e 3 Olgen ol Sl sl (S 4w Gl
2B s case b Sy ool it UL e amha JU 5 VU Sl 03y el (o S Jslsne Sl gl
ol e 53 il e |y BB et Sl sl i b (silaaas 5 e 1S mamd Aul b (S aS Sla ey b s
Sl 5 a3 500 SS BUI slaas 5 5 s Gl oIS S 4 L Sl S5 50 Sl eslinal oS SOl iasn
A5 S ol o g 5 BUI (6,8 IS Jl s alis jltlas s 5o 55 comse S 055 SERE bl |5 Bl
0F 03 3 S Sob 5 0uS 5 aES eslie gla yastla Sls sme ULl 4 e o L3l 3,50 (S IS 3 g e
ol 555l S5 il S alle L3 sl sam g o 1) g Cubis OU Sl e VL]
Sl g 5 S a5 MBS a5 5L laaads LSS 6 S 550 sk e L L Al S0l laes S
DS 5 58 ey 5o lples B (Gl 855 S8 A ST S i) Jiman dble sl 2
Sl Sl el G S mlae sl e b Gl i (Sl ) 0 s St Sl S50
LS s 5 530 Jodsu (Rl a6 park 4S0d LSCES Lty oS 03,50 el B 555l bl ST s 8
Sl 2SI Sladki gy sl 4 mie S 5 b Sl ek 53 5l e SdiHU sl DS sl b
Gl s Bis (3leaSll 3w ol L (6.l S e 5 8Lk Db me S5 2 esdle &S ol (Gldbdines

t Micro flocculation



DSy s sk d g Sl sl S S| g 3 Coles

&l

1. Askarabadi, S. A., Talaeipour, M., Jalali Torshizi, H., & Hemmasi, A. (2025). Enhanced retention,
drainage, and strength of old corrugated container pulp using poly (aluminum chloride), nanofibrillated
cellulose, and hydrophobic colloidal silica particles. BioResources, 20(4), 8993-9007.

2. Pourkarim Dodangeh, H., Jalali Torshizi, H., & Rudi, H. (2025). Effect of p-DADMAC-nano cellulose
complex on properties of pulp and paper recycled from Old corrugated containers (OCC). Iranian Journal
of Wood and Paper Science Research,40(4), 379-394.

3. Jalali Torshizi, H. Zare Bidok, S., Ramezani, O. & Rudi, H. (2014). Effect of cationic poly acrylamide
- nano bentonite system on retention, drainage and properties of recycled paper from OCC. Iranian
Journal of Wood and Paper Science Research, 29 (3), 474-483.

4. Jalali Torshizi, H. Zare Bidok, S., Ramezani, O. & Rudi, H. (2015). Effect of nano silica and cationic
polyacrylamide on retention, drainage and strength properties of recycled paper from OCC. Forest and
Wood Products, 68 (4), 771-784.

5. Gullichsen, J. & Paulapuro, H. (1999). Papermaking Chemistry, Papermaking science and technology
19 series, 229 p.

6. Jalali Torshizi, H., Jahan-Latibari, A., Mirshokraei, S. A. and Faezipour M. (2009). Investigation on
the performance of cationic starch and CMC addition on strength properties of fluting paper produced
from OCC. Pajouhesh & Sazandegi, 81, 69-76.

7. Pourkarim Dodangeh, H., Jalali Torshizi, H., Rudi, H. & Ramezani, O. (2016). Performance of nano
fibrillated cellulose (NFC) and chitosan bio-polymeric system on recycled pulp and paper properties of
old corrugated containers (OCC). Iranian journal of wood and paper industries, 7 (2), 297-3009.

8. Gonzalez-Pérez, M. M., Manriquez-Gonzalez, R., Robledo-Ortiz, J. R., Silva-Guzman, J. A., de
Muniz, G.I.B. & Lomeli-Ramirez, M. G. (2021). Old corrugated container (OCC) cardboard material: an
alternative source for obtaining microfibrillated cellulose. Journal of Natural Fibers, 19(14), 9296-9308.

9. Yang, J., Huang, L., Ni, Y., Chen, L. & Miao, Q. (2021). Nano-SiO, used with cationic polymer to
improve the strength of sack paper. BioResources 16(2), 3348-3359.

10. Baradaran Khaksar, A., Jalali Torshizi, H., Rasooly Garmaroody, E., & Hamzeh, Y. (2017). Effect of
raw and cationic starch Iranian oak (Quercus Persica) fruit (Acorn) as a novel biopolymer on properties
improvement of dry network and cellulosic fiber suspension. Forest and Wood Products, 70 (3), 519-528.
11. Baradaran Khaksaar, A., Jalali Torshizi, H. & Hamzeh, Y. (2023). Valorization and development of
acorn starch as sustainable and high-performance papermaking additive for improving bagasse pulp and
paper properties. Waste and Biomass Valorization, 14 (3), 937-947.

12. Khosravani, A., & Rahmaninia, M. (2013). The potential of nanosilica—cationic starch wet end system
for applying higher filler content in fine paper. BioResources, 8(2), 2234-2245.

13. Chiani, E., Jalali Torshizi, H., Ashori, A., Rudi, H. & Nabid, M. (2025). Valorizing recycled paper
through chitosan and glyoxal-chitosan treatments: synergistic effects on mechanical and physical
properties. Journal of Thermoplastic Composite Materials, 38 (3), 1122-1141.

14. Song Z. Li G. Guan F. & Liu W. (2018). Application of chitin/chitosan and their derivatives in the
papermaking industry. Polymers, 10(4), 389.

15. Pourkarim Dodangeh, H., Jalali Torshizi, H., & Rudi, H. (2021). Cationic PolyAcrylamide/Cellulose
Nanofibril Polyelectrolytes Effects on Suspension and Network Properties of Packaging Recycled fibers.
Applied Research in Chemical - Polymer Engineering 5 (1), 3-15


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:GnPB-g6toBAC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:GnPB-g6toBAC

16. Chiaani, E., Jalali Torshizi, H., Rudi H. & Nabid, M. (2018). Performance of chitosan and polyamide
epichlorohydrin (PAE) on wet strength and water absorption of deinked pulp. Forest and Wood Products,
70 (4), 709-717.

17. Mousavi, S. F., Rezayati Charani, P., Moradian, M. H. & asadpour, G. (2021). Improvement of wet
and dry layer strengths of paper from chemi-mechanical pulp using polyamide epichlorohydrin and
cellulose nanofibers vs imported long fiber Kraft pulp. Iranian Journal of Wood and Paper
Industries, 11(4), 627-643.

18. Liang, S.-B., Ning, X., Fu, Q.-J., Liu, Q., & Yao, C.-L. (2020). "The use of a PAE/bentonite binary
system to improve the wet strength of paper,” BioRes. 15(4), 8449-8458.

19. Elyasi Bakhtyari, S. & Jalali Torshizi, H. (2017). The effect of concentration of anionic starch
solution in paper surface sizing on physical and strength properties of recycled paper. Iranian Journal of
Wood and Paper Industries, 7 (4), 487-497.

20. Pourkarim Dodangeh, H. & Jalali Torshizi, H. (2018). The effect of cellulose nanofibres on cationic
starch efficiency in pulp and paper recycled from packaging waste paper. Iranian Journal of Wood and
Paper Industries, 9 (2), 187-197.

21. Lindstrom, T., Wagberg, L. & Larsson, T. (2005). On the nature of joint strength in paper: a review of
dry and wet strength resins used in paper manufacturing. 13th Fundamental research symposium,
Cambridge, Sept. 2005, p 457- 562.

22. Ersoy B., & Celik M. S. (2002). Electrokinetic properties of clinoptilolite with mono- and multivalent
electrolytes. Microporous and Mesoporous Materials, 55, 305-312.

23. Engin, M. & Atik, C. (2018). The impact of zeolite filler on ageing and mechanical failure of paper.
Nordic Pulp & Paper Research Journal, 33(3), 512-521.

24. Diana, G.S., Mirela, R., Tadeja, M., & Branka, L. (2012). Natural zeolite as filler in base ink jet paper
sheet. Nordic Pulp & Paper Research Journal, 27(4), 721-728.

25. Jha, B., & Singh, D. N. (2016). Basics of zeolites. In Fly Ash Zeolites (pp. 5-31). Springer,
Singapore.

26. Safizadeh, A., Jalali Torshizi, H., Rudi H., & Partovinia, A. (2019). Premixing of isolated soy protein
retention-aid polymer with precipitated calcium carbonate filler on properties of recycled writing and
printing paper. Journal of Wood & Forest Science and Technology, 26 (1), 117-128.

27. Elyasi Bakhtyari, Sh., Jalali Torshizi, H., & Resalati, H. (2016). Alkyl Ketene Dimer (AKD) Sizing
of Recycled-Virgin Cardboard with Engineered Heterogeneous Layers under Neutral and Alkaline
condition. Journal of Wood & Forest Science and Technology, 23 (1), 1-19.

28. Dehghani Firouzabadi, M. R., Vaziri, V. (2014). Effect of using of zeolite and calcium carbonate
fillers on newsprint paper properties. Journal of Wood & Forest Science and Technology, 21 (4), 86-175.
29. Tajik, M., Kiaei, M. and Jalali Torshizi, H. (2015). apricot wood-a potential source of fibrous raw
material for paper industry. Comptes rendus de [’Académie bulgare des Sciences 68 (3), 329-336.

Effect of Binary and Ternary Nano-Zeolite-Based Flocculation Systems on the Properties
of OCC Recycled Pulp and Paper

Abstract:

Background and Objective: The effective use of chemical as retention-drainage aiding systems in
papermaking processes containing large amounts of fiber fines is inevitable from various product,
economic, process and environmental aspects, and numerous complex systems have been proposed in
these purposes. The use of nanoparticles in papermaking wet end and the interaction of these particles
with cationic polyelectrolytes in the form of multi-component flocculation systems has received
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widespread attention in recent years in order to improve paper quality and its process characteristics.
Cationic starch (CS) and cationic polyacrylamide (CPAM) are among the most widely used
polyelectrolytes consumed in the papermaking industry. Zeolites, which are native, abundant, inexpensive
and stable minerals at different pH of water, have found widespread and increasing applications in various
applications. Benefits have also been reported for them as fillers in papermaking. Zeolites have the
potential to be used as an anionic nanoparticle in complex flocculation systems of papermaking wet-end
due to its specific surface area and high anionic charge.

Materials and Methods: OCC recycled pulp (CSF~315 ml) was prepared from a local mill without any
additives. Nano Zeolite (NZ) with an average particle size of 38 nm (Pishgaman Mohit Zist Pak Co.),
cationic starch with a degree of substitution (D.S) of 0.03 (Boyakhsaz Co.), and cationic polyacrylamide
with a viscosity of 5500 cP (inventory of MWPI) were also prepared. Two-components flocculation
addition sequence including CS and NZ, respectively; and three-components flocculation addition
sequence including CS, CPAM and NZ, respectively were compared with each other and with the control
sample. Addition strategies used at different levels were: CS at 1%, CPAM at 0.2% and 0%, and zeolite
nanoparticles at 0, 0.1, 0.2, and 0.3%; all based on the pulp O.D. Pulp properties including total retention,
drainage time during laboratory hand-sheet making, and drained volume of water in DDJ analyzer, as
well as the laboratory recycled paper properties including thickness and tensile, burst, and tear strength
indices were investigated according to TAPPI standards.

Results: Nano zeolite as part of the ternary system resulted in significant changes in the drainage time (up
to -16%), drained volume of water (up to +8.5%), and total retention (up to +15%) of OCC recycled pulp
compared to the control treatment. In the binary system, significant changes were also observed in the
drainage time (up to -11%), drained volume of water (up to +7%), and total retention (up to +12%). Also,
the thickness (up to +18%), tensile index (up to +55%), burst index (up to +101%), and tear index (up to
+20%) of the paper produced from the ternary system were revealed compared to the control treatment.
The binary system also had significant changes in the paper thickness (up to +8%), tensile index (up to
+17%), burst index (up to +37%), and tear index (up to +6%) compared to the control treatment.
Significant changes were observed with increasing addition levels of NZ in each of the binary and ternary
complex systems. However, the addition level of NZ 0.2% was superior overall.

Conclusion: Due to its porosity, anionic and very high specific surface area, Nano Zeolite mainly showed
statistically significant improvement in the performance of cationic starch and polyacrylamide polymers
in OCC recycled pulp and paper. The improvement of micro flocculation of the pulp ingredients led to
improved pulp retention and drainage and also the structural and strength properties of the paper. Its
effectiveness in the presence of two polymers, CPAM and CS, was greater than its binary combination
with cationic starch, where the three-component system had significant superiority in all pulp and paper
properties compared to the two-component system. In addition to the positive results observed in this
study, the local and cheap availability, the wide pH stability of nano zeolite, and its role in pollutant
adsorption suggest its application in OCC recycling mills.
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