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Research subject: In recent years, toner-based printers have found
many applications for ease of use, economical, high speed and quality.
Therefore, many attempts have been made to produce toner by various
methods such as suspension polymerization and emulsion aggregation.
But in all these methods, despite the proper color properties and parti-
cle size, the reaction conversion is low.

Research approach: In the present study, in situ emulsion polymer-
ization method based on styrene and butyl acrylate monomers in the
presence of carbon black has been used to produce toner with a con-
version above 75%. In this regard, the effect of polymerization reaction
temperature and stirrer speed on conversion at different times, particle
size and particle size distribution, thermal and color properties of the
final product were investigated. Color measurement was performed to
evaluate the color characteristics. Also, the microstructure of the syn-
thesized toners was evaluated using scanning electron microscopy.
Main results: The results show that in situ emulsion polymerization
method while having the proper conversion of the reaction in the range
of 75-90% is well able to create the suitable color characteristics and
particle size distribution for the toner. All toners produced had a parti-
cle size distribution and a spherical shape that was unaffected by the re-
action temperature and stirrer speed. By increasing the polymerization
temperature from 70°C to 80°C, resulted in a higher conversion, but the
increase in stirrer speed had a dual effect on the conversion. Sticking of
spherical particles with each other was observed by increasing the tem-
perature to 90°C. The sudden addition of a monomers to the reaction
media and using batch process resulted in the observation of two glass
transition temperatures. This type of toner synthesis can be a guide for
future research to produce toner with the highest conversion.

*To whom correspondence should be addressed:
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Table 1 Recipe for polymerization reaction

Samples Stirrer Speed Temperature (°C)
(rpm)
A 200 70
A, 300 70
A, 400 70
B, 200 80
B, 300 80
B, 400 80
€ 300 90
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Table 2 Mean particle size of synthesized toner

Sample A A

1 2

A B B B C

3 1 2 3

Mean Particle Size (nm) 56.25 53.09

6591 | 5491 52.49 57.79 | 55.01
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Table 3 Colorimetric values of synthesized toners

Sample a* b* L*
A -1.31 -2.19 42.79
A, -1.18 -2.00 38.96
A, -2.20 -2.56 33.15
B, -1.41 -2.20 42.41
B, -1.33 -2.40 39.16
B, -1.15 -2.63 42.16
© -1.19 -2.24 39.31
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Fig 6 DSC plot of synthesized toner under N2 atmosphere
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Table 4 Glass Transition temperature of synthesized toners

Sample Tg1(°C) T, (°C)
A, 44.8 109.1
A, 53.6 103.5
A, 58.2 109.9
B, 448 107.9
B, 46.3 108
B, 52.3 107.9
© 52.3 108.3

g S ST o ( pliul Lo segise
am O ST Sl o plieal a5 Slom ooy S
Onbowl odlygon (Lo 2o 5l (o8l Sl ol 0
5 ol glait JLanl les F Jsors ol 0ds
oudaglys sladisel (tugy (A (iwls)S G5
Gl Jlasl glas an a9 Ly aas oo plis |
INT (8155505 550 sl Kolz sla i (slm 4t
» 1) b (Sl ples eabady sla g (oales
S (oo oboml Cla alp b

GrSai ¥

S—o)d am ol e laea iagh ol o
O3 yoeky 5 omalie S ojlasl g YL los Joos
D ool ;1 Sgi a g e tated Lo yo Jgrdgal
pa—s 9 Yo (ool Lo O ST LS s o plial joilssS
0393 9 ok (ly—ed (ame Ll b4 Couli>
=l a8 1,3 ol wls g 4SS, lgea
Ol g 00 i g8 D)3 ojlasl ajei a8 0l s

2 9> Jmad oo, Ladiged ol a S ajls
Syl 1y phe soce I Gl ol i Al Abges ails
3 6,505 Cpglhae Ladiged plow dn S amiiys
Ladiges plow do Somad oo | Jodd 003 (0505 5
A oo lid

ol ey w5 F-Y

il 5 ao3l slosls 3| | _ol> Lo smie
—olod il 00l P ISl o ol oy
L ¥-°C —les 00gusme 10 (55— 00lw )T 4 L8 Ladigal
V00 L5 )+ 00 ylos ooy 4o oSS ali o £+°C
oadosliinl sl jegige £a dn amgi Ly alosls s
laias Jlaml slos an by e (mlod 00gasme (gl
03990 § Sl I ST J5 9 (g plimssl ;oo (sl o
sl Jlasl slws a Lo po ales o0 pgo mbeo
o=l edalie cde o il o pliwl edigen gl o)
Ol=eje 39953l g A wgnl ol 8 sl ool _wloa
o gl ool ol STy By b as Lo pegige

1) ok - oo i 60 )5 o g sl A G (b9 oole aolidiad



o Semmdgal Godis yerdy By, 4 S8 oy

(FR=YO) YU Joos aoyo 4 oliws inghy ol
OAYCC Ls FH/AC oogume (o (glais Jliasl sloo
Sl laands Jlasl slas cogase ool 45 oz _ils
Saled)s el cslio (e s (59, 2 P S
(A7) dmas oo s VL 95— s L By asges

Sl ol a gy dSged lgiea

ooliiwl .ol 039 cwlin jlus Lol o9 (59,5
3 e sy ol )l ez ge STy YL sloles
e STy St il 5 5B AVIOZ as A+
S ¥z )l %0 sles o oatady sla i (s
Aoy o laslE e )_,.:L» S S-S A 1| RV W
o=l a il aale oglaie glalos jo g8 Jaus
29 ol Jmad o 0 A ladiged 045 O j90
ol a3l o138 e g ialS Tl B sladigal
atal; oudpin Lo jgs (plw Glime 4 Sl S92l
p—tee O y5bws Lol wila sl Joag ool e Se

oy = (oo (owiinn 60,1 G (Agl sl Ay G (SABgR (oole allad Y



s Semdgel Gadisyerly By 4 Sg oy

&=l

[1] Yilmaz U., Analysis of the Color Properties of
Papers Subjected to Different Recycling Num-
bers in Electrophotographic (Toner) Printing,
Pigment & Resin Technology, 2022.

[2] Helmut K., Handbook of Print Media: Tech-
nologies and Production Methods, Berlin,
Springer, 2001.

[3] Zhang K., Zhang Y., Ye M., Han A. and Chen X.,
Preparation and Characterization of Multi-Com-
ponent Composite Microspheres Used for Ce-
ramic Toner, Ceramics International, 45, 24601-
24608, 2019.

[4] Ataeefard M. and Aarabi A.M., Producing Ce-
ramic Toner Via Emulsion Aggregation Method
Based on ZrSiO4: Pr Ceramic Pigment, Progress
in Color, Colorants and Coatings, 14, 113-120,
2021.

[5] Babaei B., Najafi M. and Ataeefard M., Pro-
duction of Laser Jet Printer Toner by in Situ
Emulsion Polymerization Method, Journal of
Studies in Color World, 9(2), 53-64, 2019.
[6] Liao]., Ye M., Han A., Chen X., Zhang K., Guo ].
and Chen C., Preparation and Reshaping of Com-
posite Microparticles for Color Toner Based on
the Encapsulated Nanoparticles, Journal of Ap-
plied Polymer Science, 137, 47, 2020.

[7] Karlovits 1., Lavri G., Kavci U., Zoric V., Elec-
trophotography Toner Adhesion on Agro-In-
dustrial Residue and Invasive Plant Papers,
Journal of Adhesion Science and Technology,
32, 23, 2636-2651, 2021.

[8]  http://gallifordconsulting.com/wp-con-
tent/uploads/2016/10/The-Anatomy-of-a-
Toner.pdf

[9] Ruiz-Robles M.A., Solis-Pomar F, Gutiér-
rez-Lazos C.B., Fundora-Cruz A., Alvaro Mayoral
and Pérez-Tijerina E., Synthesis and Charac-
terization of Polymer/Silica/QDs Fluorescent
Nanocomposites with Potential Application
as Printing Toner, Materials Research Express,
2018.

[10] Ataeefard M. and Ebadi M., Effect of Carbon
Black on the Properties of Emulsion Aggrega-
tion Electrophotographic Toner, Journal of Col-
or Science and Technology, 7, 331-338, 2014.
[11] Ataeefard M., Mohammadi Y. and Saeb M.R,
Intelligently Synthesized in Situ Suspension
Carbon Black/Styrene/Butylacrylate Compos-
ites: Using Artificial Neural Networks towards
Printing Inks with Well-Controlled Properties,
Polymer Science, Series A, 61(6), 667-680,

2019.

[12] Kinsyo T., Nakanishi H., Hirai K., Noda H.,
Takikawa T. and Yahiro S., Development of Poly-
ester Resin Particles for Toner with a Controlled
Particle Size Distribution and Shape, Polymer
Journal, 1-8, 2017.

[13] Rosen M. and Ohta N., Color Desktop Print-
er Technology, CRC Press, 2018.

[14] Kiatkamjornwong S. and Pomsanam P,
Synthesis and Characterization of Styren-
ic-Based Polymerized Toner and Its Composite
for Electrophotographic Printing, Journal of Ap-
plied Polymer Science, 89, 238-248, 2002.
[15] Lovell PA. and Schork EJ., Fundamentals of
Emulsion Polymerization, Biomacromolecules,
21, 4396-4441, 2020.

[16] Ataeefard M., Production of Carbon Black
Acrylic Composite as an Electrophotographic
Toner Using Emulsion Aggregation Method: In-
vestigation the Effect of Agitation, Composites
Part B: Engineering, 64, 78-83, 2014.

[17] Chern C.S., Emulsion Polymerization
Mechanism and Kinetics, Progress in Polymer
Science, 31, 443-486, 2006.

[18] Widiyandari H., Iskandar F,, Hagura N. and
Okuyama K., Preparation and Characterization
of Nanopigment Poly (Styrene-co-n-Butyl Ac-
rylate-co-Methacrylic acid) Composite Parti-
cles by High Speed Homogenization Assisted
Suspension Polymerization, Journal of Applied
Polymer Science, 108, 1288-1297, 2008.

[19] Andami F, Ataeefard M. Najafi F. and
Saeb M.R., Fabrication of Black Printing Toner
through in situ Polymerization: An Effective
Way to Increase Conversion, Progress in Color,
Colorants and Coatings, 8, 115-121, 2015.
[20] Andami F. and Ataeefard M., From Suspen-
sion Toward Emulsion and Mini-Emulsion Po-
lymerization to Control Particle Size, Particle
Size Distribution and Sphereness of Printing
Toner, Pigment and Resin Technology, 45(5),
363-370, 2016.

[21] Ataeefard M., Sadati Tilebon S.M. and Saeb
M.R., Intelligent Modeling and Optimization of
Emulsion Aggregation Method for Producing
Green Printing Ink, Green Processing and Syn-
thesis, 8(1), 703-718, 2019.

[22] Zang Y., Ye M., Han A. and Ding Y., Prepa-
ration of Nano-Encapsulated Polyethylene Wax
Particles for Color Toner by In Situ Emulsion
Polymerization, Journal of Applied Polymer Sci-

VY ooh - oo (oo 2,0 o gy (sl 4y o (SApgfy (oole aolidad



el )0 (Gamdsal (a6 yardy (Bg, 4 g g o —

ence, 134(2), 44399, 2017.

[23] Fu S, Xu C,, Du C, Tian A. and Zhang M,,
Encapsulation of CI Pigment Blue 15:3 Using
a Polymerizable Dispersant via Emulsion Po-
lymerization, Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 384, 68-74,
2011.

[24] Babaei B., Najafi M. and Ataeefard M., Pro-
duction of Electrophotographic Toner Using in
situ Emulsion Copolymerization of Styrene-Bu-
tyl Acrylate, Advanced Materials and Novel
Coating, 36, 2678-2688, 2021.

[25] Maiti ]. and Basfar A.A. Encapsulation
of Carbon Black by Surfactant Free Emulsion
Polymerization Process, Macromolecular Re-
search, 25(2), 120-127, 2017.

[26] Mahabadi H., Stocum A., Xerox’s Emulsion
Aggregation Toner-An Environmentally Friend-
ly Technology, Xerox Corporation, 1, 1-5, 2006.

2ok — (oo (it (3, Sl Aoy (sl Ak o (LB oole aclilad P



