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Role of Non-lonic Surfactants in Enhancing the Dispersion Quality and
Stability of Inkjet Ink Millbases

Department of Printing Science and Technology, Faculty of color physics, Institute for Color Science and Technology, P. O. Box:
16765-654, Tehran, Iran.
" Jalili@icrc.ac.ir

This study investigates the effect of molecular structure and concentration of three non-ionic ethoxylated surfactants—
Sorbitan monooleate (Tween80), oleic acid (Keol6), and nonylphenol (Kenon10) —on the milling process and final
properties of dispersions for water-based inkjet inks. Particle size, surface tension, colorimetry, spectroscopy, and
dynamic stability were evaluated. Results indicated that Kenon10 at an amount of 0.05 g, yields dispersions with the
smallest particle size (~100 nm), narrowest distribution, highest color strength, and superior stability, attributed to its
aromatic structure and optimal ethoxylate chain. Higher Kenonl0 concentrations induce excessive surface tension
reduction and competitive adsorption with the polymeric dispersant, leading to particle growth, reduced color strength,
and instability. Conversely, Keol6 and Tween80 perform effectively at a higher concentration (0.1 g). The findings
highlight the critical influence of surfactant molecular architecture on dispersion quality, governing milling efficiency,
color performance, and colloidal stability.

Key words: Disperse dye, Colloidal stability of dispersion, Non-ionic surfactant, Water-based inkjet ink, milling process
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Table 1. Physical properties of the surfactants and polymeric dispersant

surfactant HLB Ethoxylated | Hydrophobic | Molecular Molecular
moles group structure | weight (g/mol)
Tween80 15 20 Oleic acid Branched 1310
kenonto | 133 10 Nony! Linear 630-660
-14 phenol
Keol6 9.9 6 Oleic acid Linear 370-390
Tegodispers | Blocked 10000-15000
750w copolymer
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Figure 1. Molecular structure of the surfactants and polymeric dispersant
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Table 2: Samples formulations

Component portion (wt%)

Components AL AN1 AN2 AN3 ANL AT
Disperse Blue 359 2 2 2 2 2 2
Polymeric dispersant 25 25 25 25 25 25
Glycerol 1 1 1 1 1 1

K16 0.1 0.1

Kn10 0.05 0.1 0.2 0.1

Tween80 0.1

Water 8.4 8.45 8.4 8.3 8.3 8.4
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Figure 3. Absorption spectra of the samples in the 400-800 nm region



Q

o @5@@%&4 AN B s

Table 3. Color strength of the samples determined from the absorbance ratio at A,,,,/ 47

&

sample AL AN1 AN2 AN3 ANL AT
Absorbance |y ese1 | 16744 | 1.8063 | 1.6701 | 1.7586 | 1.6934
at yax

Absorbance | - 3313 | 03259 | 0.6932 | 05277 | 0.7182 | 0.3362
at 447 nm

Absorbance 2606 | 3.165 | 2.449

ratio
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Figure 4. Interaction of the sample dispersions with light in the infrared region

s ds AN3 5 AN2 ANL (sladiST, a5 55 o alisdomon” g iUl ¥l i1 o el i JT (1555, olge o
Clale b gl 53 1355, Jolore diged a5 59—, 318 (6765 il e 5 LSe 03 AT g ANL AL 5 Gde o i
a5 d y g0 SR daasST 5 Jslne aiged iz Gliee dnnlie b oo)ls 5500 4l 55 (008 jle iz (i 2 a5 /) ailiee
el ooy ladigai 5| (5,500 y55 Dl Gl Rl Az po g 55T Ll ] AL Al cnl ) beaised iz o 50l 5
el e 31 5 Sl st T 3L S (55 85 Lt e i HE o S5 a3l L
5 035 03Il 328,30 60 ANL Wiges 4 o jo aiieds 5SS 0,5 o5l (s)s AT 5 ANL AL (slodigas &5 S s e

3 scattering



o dﬁ@@éz\ﬁ AN B s

1555, slbdiges jpse Sy lpae 4 4 Sld o5l a5 amo o HLis O UK 05,5 ANB e 5 AN2 Wiged 1 51 us
B Cw | [‘,S)L..w.a Lu 5).(1..0 )Lm.‘ .b)‘b S9>9 ‘5]55J5.A SHge & ‘)iv) as soln 445.04 o w‘JJfﬁLv tS’] LSLQC}AJ}L’ c\.._'>l.u
)Lu.». il U‘)"’A u‘)o o)L.\;‘ uw.ubﬁ‘ la as 09.«.4 <* cuslin o Cﬁ..a 94 l@d..s‘).' ) dj S |)5...C u‘)—a—d u;)...m..u st‘o 445.04 Ao

D9 oo AwlS j5i 500 (yl5ee 5l g a8l ol38

[EEN

transmitance (a.u.)
© o o o o o o o
N w S (6] (o] ~ oo ©

©
[N

350 400 450 500 550 600 650
wavelength (nm)

Fogilb PO =Y aml 10 ladiged joue e O S
Figure 5. Transmittance of the samples in the 300-650 nm region
I SUWIE S0 i o
5,10 ladiges (Ky &y08 p oljen 1S3 ojlasl a5 ams oo lis s Sl Gloj b badiges (S5, slo yiol )b Sl pss o)
el ol 5,155 Jgaz 50 Clewl el YY 5 Y 5l s ladiges old L*¥a*h™ ,0lie

Slewl Cels VY g VF 51 o ladiges o3 S5, sl al,l F Jgox
Table 4. Color parameters of the sample films after 24 and 72 hours of milling

sample After 24 h milling After 72 h milling
L* a* b* L* a* b*
AL 32.82 1.58 -36.02 24.13 6.70 -42.06
AN1 3056 2.43 -36.16 25.68 5.50 -42.15
AN2 33.85 3.40 -31.41 26.29 3.82 -38.54
AN3 32.87 2.88 -32.00 30.25 4 -36.67
ANL 30.41 4.57 -29.95 27.16 3.12 -38.14
AT 28.82 3.89 -35.35 26.17 4.57 -42.09
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Table 5. Surface tension of the samples
sample AN1 AN2 AN3 ANL AL AT
Surface tension (mN/m) 44,757 | 36.698 | 35.179 35.705 39.474 | 45.185
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Table 6. Initial turbidity of the samples after 72 and 144 hours of milling
sample AL | AN1 | AN2 | AN3 Anl AT
Turbidity after 72 h milling (NTU) 1567 | 1455 | 2843 | 2456 | 2981 | 1549
Turbidity after 144 h milling (NTU) 775 | 645 | 2286 | 8287 | 2428 717




o Aﬁz\ﬁz\ﬁ AN B s

Coles yo g Olyd ojlal jrals (Oleass 4y alglS 51 (65 51 Jlail lross § OIS o 5 ales 31 oo 355, olow! ..\...J)s 4
A 0,45 1 ‘53.1)’..*..3 Caotl 3l oasST Sl gl
Sgo oo iy yad S cpl 4y ) pdly dolae b illae &S o 5 St

av _ ”RZUICOSH

— == \ aoles
dt 4nL

(s m slalad by g8 9 J &8ly )0) aimge slaggiw eled R by Tios S 0d5d mle b Jozeo oo V dlolas ol o
bl s dmge Sopgie Job awgio L g Joso 40558 M 0,8 b Josmo (ool 4yl3 O ¢ oo (x2S 0

a5l e mmans it ial3hl L aS ol g el olad dggly 5 oombaos GRS b censliie SIS 0l 5 Sy 45 3555 o sinline
ol AalS g a5 S 50 (5 g B VL (elan 1S oS e oo Lt @l b oo (RalS C0SO 5 (A3l e
g Slysie JBIS 4 Sei cqz yiie Lid SV x2S a3y o (AT 5 ANL AL gladigas) coul azils i3
35552 SIS Can ) (S Jaialais o 5 s olosl a5 i st 5 3 aD 5 cam 5 03,5 il
SIS s 515 & 358 e ol L 5 4l il mlaiss, 5 sl & Jome WL (s 1iS el b o
oles dagly 9 (el AT (laSilge b W Cesl (Seslige i Slaiakals 1l asSTy 4 ple Bas a5 Luil 5wl o
ARICRRDET Pt

JS,55 1 6 3YLHLB 5l a8 sl Jladbas 5 55e o3 4 (65,50 JUsl o a5 o 5,508 Jels 5l Jldplaw bl s HLB
I, 13 oslail el g 00,5 cailon Sl @ (6550 Yge Jll 5l Claw! a> e o &S ool aiyle &S odgy & Jled ains
b e ceslio Qlidlingr 10 0I5 Caz 45 955 o0 D5 03l g mss el Sgzsar el (b 5l o3l oo e
Oy Hlad ielS axms )0 g (oxdaw iiS alS cel )5 oY g o/) @ +/-0 5IKenonl0 cdale ol as 0gh o comlice
s 35 ol 5 G sl b 8, ) 55l s el |y )3 o3l (el 5 s 5 a5 e e bl 45 358 gz ale
o5 Jolo gy S5 03l 355 B 99 o s 5 00 B3 &y g5, g Uil 5 aibe

Syl Folaie L8, Kenonll Jldmlaw a5 ano oo jlid Jdzbaw 5l (LSS cdale LAT 5 AL sboaiges L ANZ diges anslis
ST oy S 5l Yt o] S0l (isu sl sas oo (las V JSs oS jsbyles (Jg el sz K16 51 Kenonl0 HLB
ol 9300l 310,00 1555, s (65 i (gl Joled T g 20l ol alasloay 4 ool Sislo | (50 4l ey oo (20,54
JLioST b il oo YU slacdale o ol Setlgl o 51 UStie LsT 50 50T ad a5 Tween80 5 KI6 L alis o Jleblans
sladale ;o Kenonlo jga> cas e oo ol pln 098 oo ailolu (g Il cel aS 098 o1 Gdo 3l ile g 00,5 <ol8;) (5 50y
Wi oo gl (59, wd2 b g 009 o5 Jladhaw (JoSIge 012 (B5b 109 o0 (s ek JlotiSTn i Slaile )5 o/ 0 51 YL
Lo Jladgrlans pizmod S (6 pS sl Slaoss LSt 5 olad Cuiles dhaulyay b ans LS5 OL3 gl g5, sowded aY
Ll dzly 5 i aul)d cop 955 o el a5 g oo e 135, gl @y abail G 51 L (6 yenly JLe2ST 5 SO
alols ol (55lg0 cOlraz JoSiis g I3 aly CJB o ailels (6,laubl 4y yoxine Sgamme ;o a5 il SYL Col ey s (59,4

g oo Olyd  isad



3
12000
10000 ---AL
—— AN1
AN2
=) 8000 AN3
|_
z —— ANL
=]
2
24000
2000
e e
0
0 10 20 30 40 50

time (day)

Oley b ladiges & yguS ol o 2 IS
Figure 6. Turbidity evolution of samples

G20lS el ANL 5 AN2 AN3 digai dos g L3, e ol BB 4555 ams oo oL oyle b 1, bndigod & p908 &l i £ IS5
3o e oiidd o S pudy o Olyd aS aes o Gl zedga adsl slaley ;0 ANS wged OjeaS Wyl
DS oot Dygo Hloy b 908 e 10 swgate o A 99 o Al g ot Il Sl 4y wilele o oS iias
osanas T 5908 s sarad Sialidl o ,sa8 48 oS EelS Sy 5l ae aiies gebie L, olls ANL 5 AN2 (cladiges
USs e oagay ol el S5 mam LS &Bly po 5 S wiy ,Sily «2y508 bl 5 oo sanlie ANL aiges sl
L 5 ol onlon (slosyei S5 ol 5 A5l 0 0By Un Sl L 58S Tyy Langs sty IS b 5 5,5 o0
0,5 08y 5 Slaesd JSAT 4y poie a3 g AL S92 g D)3 G (oelg il lag s alde (sl Y Silinly Sl asdls
b o9l oo Bgie 0y g Al (alS alob (655l e Dlaozss SCa5 L 098 o0 Olled 5508 lie (I8l O jg0 4 S 350 o0
(el Az )8 500,S ade aiSTy slu sl sleg s Al (g9, A Al se (il 8l (gu 4 Oy i (Dl )3 6 jlasl 3
4 CSS el o g 99 e sdline dilolu jo iz Ol (Olaesd ndddd 5l e 098 o0 snaline D ygaS als g I3
il leadly o gl i ool clale 5 Jlebplan JsSge sl a5 ains e Glis Slaalie ol el oo, Sl >
Sy cde a4 Kenonl0 ol olo a5 jeblea (YY) Wyls ST, 550l 1,3 o5lail a9 «l,d o5lail zals e pus cslws]
2 Groely JletiSTy b culsy colB Jlate cpl 5l g anils l)d w55 2P BB Cdza il ol il o o dil>
Je515 S0 e (59, 45 (o5 Y s (rizen 5 o] YL dzly 5 Cdx e ()b 1o ls I3 w55 000

S g | ailobes g lgbl sl wuls (2elS S o3Il e b 9gd so camms o3 oo



&

800

~

[$1]

o
/

. - - -AL

— AN1

turbidity (NTU)
D » ~
o al o
o o o
/
/

)]
a1
o

500

0 10 20 30 40 50
time (day)

AT 5 ANL AL dg05 dus & 908 Sl i gy 0 Y JSS
Figure 7. Evolution of turbidity for samples AL, AN1, and AT

el el Ly g anilas Sloaz &less loy L AT 5 AL sladigas G335 5 ANL digas & 908 45 0o oo Lis V S
5 1S a0 Ly &ygaS 2lS a8 e, el 5] ailels 65l 008yl & g0S o SliS U g i pae
Caalbes JoSias a5 canl i, Tween80 ¢ keolb L awslio jo ol aenS'ssl o) Sae Job ;500 B,k 5l aiS o 58,0 @l)d
(YY) awo 5 laly slaslele JSis g anils
1§ S i ¥
Sals ol 01,5, Kenonl0 ¢Keol6 Tween80 Juls Sg pué Jadmbaw aw clale g JoSgo lislo Sl imgh opl 5o
s OLdlpe Lol (slopag> 4 cu YO ol (wymnd 61355, 481 (Sealiod 55lub 5 (S5) @ya8 w3 ol
gy bl a5 ols flas & ga8 o950 9 T WA S SPRPP- T-YU O S PR SO L S AR U 51 ol b ol
Syl sy ol CuS o sloaisS s 15 ol e ol g Jldplans
WS 5l oy canlin Job g SSleg,] Lidu 9929 Judods o5 ¢/ 0 ool cdale 0 Kenonl0 Jldxlaw 45 ob aseie
Cslhe suslS 6 ko YU (5, &,08 S,k L3 5l asd mesil Ve e Sgas S 85wl b glasST,y LSCAT a4z
0318 Comd (6 poudy JLiaSTy LS jo P plad Cailes obnl 5 1555, mlaw L 598 o S wenyn 4 0 Sl ol 098 o0
SisST b dav a5 Culd) S ol e mlS sl i el cels Kenonl0 clale yioli8lhc blas )0 .09 oo
Y YL cdale s SOT sl g HLB |5 &slis o8, e « Tween80, Keolb sl Jlsplan a5 wisls Lis zuls uisean
el (st AT b St il a0l 055 31 4Ty (5l 5 ol ol S5 51 58 1B 5 She 6,5
el 6900 ok lasSTy &
b o Olejer Soson b o] ange clle 5 HLB (Jldghaw (JsSge JLsbs a5 ans oo (Lis Ghaghy cnl sy
255 )3 s ledliasr gl yes 6l I3, e geYee 8



(1]
(2]
(3]
[4]
(5]
i
(8]
[0l
[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

(18]

o Aﬁz\ﬁz\ﬁ AN B s

il ool gdlie o ls3 wisT ged (gl ,sSie allie radlis ol

PSRN
Xu M. Dye Sublimation Inkjet Inks and Applications. In: Handbook of Industrial Inkjet Printing. 2017. p. 179—
94. doi: https://doi.org/10.1002/9783527687169.ch9.
Hutchings IM, Martin GD. Introduction to Inkjet Printing for Manufacturing. In: Inkjet Technology for Digital
Fabrication. 2012. p. 1-20. doi: https://doi.org/10.1002/9781118452943.chl.
Magdassi S. The Chemistry of Inkjet Inks. WORLD SCIENTIFIC; 2009. 356 p. doi:
https://doi.org/10.1142/6869.
Jalili M, Mohammad Raei Naeini M, Bastani S, Ajili N. Optimizing the Surfactant/Polymeric Dispersant
Combination in Pigment-Based Aqueous Inkjet Inks. Prog Color Color Coatings. 2025;18(2):177-88. doi:
https://pccc.icrc.ac.ir/article_82040.html.
Jalili M, Naeini MMR, Ajili N. Optimizing dispersion in sublimation inkjet inks: unveiling the role of sodium
naphthalene sulfonate formaldehyde condensate as a co-dispersant. J Coatings Technol Res. 2025;22(4):1557—
72. doi: https://doi.org/10.1007/s11998-024-01060-w.
Pond SF. Inkjet technology and product development strategies. Torrey Pines; 2000. 153-210.
Martin GD, Hoath SD, Hutchings IM. Inkjet printing - the physics of manipulating liquid jets and drops. J
Phys Conf Ser. 2008;105(1):012001. doi: https://doi.org/10.1088/1742-6596/105/1/012001.
Annable T, Lozman O, Ewing P. Polymer Stabilized Pigment Dispersions for High Reliability Ink- Jet Printing.
NIP 27 and Digital Fabrication. 2011. p. 586-9.
Willy Herbst, Klaus Hunger, Gerhard Wilker, Heinfred Ohleier RW. General. In: Industrial Organic Pigments.
2004. p. 1-181. doi: https://doi.org/10.1002/3527602429.ch1.
Parfitt GD. The Dispersion of Powders in Liquids - an lutroduction. Powder Technol. 1977;17:157-62.
General Classification of Dispersing Agents and Adsorption of Surfactants at the Solid/Liquid Interface. In:
Dispersion of Powders in Liquids and Stabilization of Suspensions. 2012. p. 85-105. doi:
https://doi.org/10.1002/9783527656592.ch6.
Steenweg K, Reinhold I, Mettin T, Struck S, Voit W, Zapka W. The Influence of Surfactants on the Interfacial
Tension and Droplet Formation in UV Curable Jet Inks. NIP25 and Digital Fabrication. 2009. p. 307-11.
Kroger M, Vermant J. The Structure and Rheology of Complex Fluids. 2000;10(3):110-1. doi:
https://doi.org/10.1515/arh-2000-0024.
Washburn  EW. The Dynamics of Capillary Flow. Phys Rev. 1921;17(3):273-83. doi:
http://dx.doi.org/10.1103/physrev.17.273.
Owen K, Payne KR, Porter MR, Weeks JC. Recent Developments in the Technology of Surfactants. Maurice
PR, editor. VVol. 30. Elsevier; 1990. 35-64.
Tadros T. Encyclopedia of Colloid and Interface Science. springer; 2013. 49-52.
Chang CJ, Chang SJ, Tsou S, Chen SI, Wu FM, Hsu MW. Effects of polymeric dispersants and surfactants on
the dispersing stability and high-speed-jetting properties of aqueous-pigment-based ink-jet inks. J Polym Sci
Part B Polym Phys. 2003 Aug 15;41(16):1909-20. doi: https://doi.org/10.1002/polb.10562.
Nagose S, Rose E, Joshi A. Study on wetting and dispersion of the Pigment Yellow 110. Prog Org Coatings.
2019 Aug 1;133:55-60.

[19] Kourti, T. (2006). Turbidimetry in Particle Size Analysis. In Encyclopedia of Analytical Chemistry (eds R.A.

[20]

[21]

[22]

Meyers and R.B. Flippen). https://doi.org/10.1002/9780470027318.a1517.

Oyarzdm J. Pigment Processing: Physico-Chemical Principles. Hannover, Germany: Vincentz Network; 2016.
https://doi.org/10.1515/9783748600336.

Haramagatti CR, Dhande P, Bhavsar R, Umbarkar A, Joshi A. Role of surfactants on stability of iron oxide
yellow pigment dispersions. Prog Org Coatings. 2018;120: 260-5. doi: http://dx. doi.org/10.1016/j.
porgcoat.2018.03.006.

McKay RB. Influence of organic pigment particles on millbase flow of nitro-cellulose/alcohol-rich liquid inks.
Prog Org Coatings. 1998;33(3):187-95. doi: https://www.sciencedirect.com/ science/article/ pii/
S0300944098000526.


https://doi.org/10.1002/9780470027318.a1517

