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Surface Treatment of Pigment Red 3 Using Surface Sulfonating Method and
Study its Properties in Water Based Flexography Inks
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In this research, pigment red 3 was treated using sulfonation method. The untreated organic pigments have low surface free
energy. With this treating method the surface free energy of pigment increases. The aim of this study is surface modification of
pigment red 3. The treated pigment showed very good dispersibility and dispersion stability in aqueous media. The dispersion of
these particles in organic polar media are stable and without aggregation. After treating, the polarity of particles increased,
show manifest dispersability in polar media. Parameters such as time, temperature, solvent/pigment ratio, acid/pigment ratio
were considered as independent parameters at taguchi method. For obtaining standard array, for each parameter four levels
were considered. The proffer array with taguchi method was L16. After the design of experiment, the treated and untreated
pigments were formulated in water based flexography ink. In order to assess the inherent and application properties of treated
pigments and selecting the suitable samples, examinations such as pH, fineness, rate of dispersion, gloss, tinting strength and
chroma were performed. Also according to the results of analysis of variance, the effect of each independent parameter on
studied properties was considered. J. Color Sci. Tech. 7(2013), 93-1020©. Institute for Color Science and Technology.

Keywords: Pigment Red 3, Surface treatment, Sulfonation, Water based flexography ink.
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1- Tuloidine Red

2- Tuloidin Maroon

3- Hansa Yellow

4- PhthaloCyanine Blue

5- Quinacridone Red & Purple

6- Perylene Red & yellowish Red
7- Isoindoline Red & Yellow

8- Piranthrone Red & Orange

9- Thioindigo

(IFAY) 55, 6 9Ud 9 pgle (g 3y —pole Ay juiis

9



w9 Rl Ygaligalgu 9 43 Yo lous 053 AlaKs) o isleT

2y alige Gl ojled 4 bgrye Sl g ¥ Jgaz 5o
sl b asy azgi Uy o Jies sbb ppiie pyolio bl
S ao bgye a5 A Aot alel o Jlie Glgie 4098 o0
A Jgo Yoo leds (g b @ollae ] Jlade conl alos, &0 D>
L @lae o lade sl 43105, 4 ol Cos aS Bl Vool
Wil g0 STy Loy a5 C ool +,0 ol oV Jgaz Y o lads (gt
oSlg sled &S D g Sl ¥ pln ) Jga Vojled gt b Bllas
Dgi g0 GBSl A °C sae g ) Jgoz Foojled eiw ol

(G5 55) (st Pl Sy o Lo, st olel a5 5
10 5 Ly oSl Jale s 0 iy y3ipan bags
Pl g5 ol Gl jlas 098 oo 8L e 45 4dBs 5 p 5
IS e 9 Ggrbigdlym (EiSTy 4 S (33955 o ST
0 Lo dy a3 b acl pladl 5l oy ol ool yisy &g o 4o
ool o l)8 eSS 5l o 0gd g0 00l o) prweew 4 oLl
STy Slaansl B g o iz Slaie Ol (99,0 & 25Ty bl
00,5 Blo |y alol> bglore s gl Sl 0)lg &3 o 5l 00,50
ald (S slod g e St ke Ol L gt Slam
ROWI PRV G (SR SO Y

wplsges

bl e el 53009 Faya g

G g S bylde

]

L 2

by ples

%«S).o ol NY-Y
LgLsM._S‘..\iS) R UM.:LA—\ ‘_ngd..SL\iS) Lg.)).g)lf ua|9>' R S
N IO X VL V E UL SURPE RSP R W A W WY [P U RN <SP RV W |
ST £ S (a0 i (polgS g (7 Jguz) wiad dlge b by
‘@@M‘“Wﬂé‘ﬁ°m“bb%‘5ﬁj‘ aLabpl:ju.:_elf
Sl 5 (0) (69,54@) (g5 8 el gl (oLl (S5, &ja8

Journal of Color Science and Technology(2013)

S5 by Y=Y
@ Sl G g A0S, 4 Pl s b dles iulel w13 o
b as a3 3 b s e Jlse lamie a4 alaSS,
LS Sz oz T g, o bl (S gy @ lagtales]
Dbl e by, o9 e b By, S Ll cuz 0¥ sl STy

¥ Sl . s " .

¥ wa—iL"fﬂ L5’>55l_: o9y )l oola_ul ﬁ..\.c Sygee y0 JLA Lg‘)“
H oy 5T Gy dagi 5 0t Ll L 25515 (o255
ol 5 osliial (sl A oy loly s STy sl Jole
al)los azd)S e o Jlade ez )5Sl ye sl (25U s,
..\_M:L:Ls_n L16 4_>|)T ‘C_Ia_.u )LQ.> 9 )9..5l5 )LQ,> 6‘)" o DLQ,..M.)
Mini )‘)J| fn)i sf‘rlo U"‘ S solaw! 3,90 )‘)3‘ ﬁ)i ol 00wl

.éf Tab
Lo ialesT 5o sl jlaie g Jaias slo Jole 1Y Jguz
¥ Y Y \ Jismno Jole
o Pl o
10 \ O Yo J ’
PHRC
EPRVIV VO
A \,0 \ ,0 B
PR
¥ Y Y \ (elw)gleg C
A I s Y )3 ssloles D

L16 slaa!):Y Jgus

D C B A owlesT e yles
3 3 ) | |
Y Y Y | \
¥ e ¥ | Y
¥ ¥ i | f
s Y ) Y 0
i 3 Y \ 5
3 i ¥ \ Y
Y s i Y A
¥ s ) ¥ q
¥ i Y Y )
Y 3 ¥ Y 1
) Y ¥ ¥ VY
Y ¥ ) f VY
) ¥ Y f A
i Y ¥ f 10
s 3 ¥ f \$

(YAY) 55, 69U 9 pole (g jil (sede &y juls



O 9 (o) Of yg0

Lol 0del ¥ Jgoz yo &, pH

Segoiy S Lawgs ASTM-DI1316 s lasbiwl Lolul  &,3 oo
lewl celw Vo5l an oS 0 50 Lailass,) diged ooy Ol oy
Gl ol B Jgaz 10 Sl ooy 4 bog e pyolie ol (g puSo3lul

¥l ol S ye 50 Lailas) diged (ST 255 (s Sl
SRy 9,0 Old canadly celw Vo o 4 (A e F) celw
ST 5 aly 9 09 S DS (e aly ol (6 S ol
2 OlS ST 5 4 barpe polie allioe celo ¥ 09980e
el 00 ) F oz o gl T oS e

ASTM- slas lasbiwl julwlp LaccS jo digai Codlyy gy
Lwgi gy San A caaliss 4y _olaplis a5 1SO-8781-3 4 D523
o JLsd bty slapld zshaw (55, p292 Logate 2Seld
Lopled Codly (abSas jlan Guw g &b 00ndS Uy S by, @
(BYK GARDNER-MICRO-TRI-  Jlions gowwcodl y olliws b
3o Ladigad cudly 4y bgy e polie .cowl ool (5 5 0510l GLOSS)
el 00 03,51 ¥ Jga

=y ASTM-D653 15 Jaibsl (bl 5 ddiges S5, o508
gl 00 sy 00 ale] gl 4 s (S5, 5508 0
Ol angly) D/8 awais Cooxi 9 D65 (5,95 i Cood ool
Syl ol bl s plonil (sl o A 25k assly 5 oaiSTy
L alis a8 s oS50 0,5 Vo v oad aidle oS e 5l p 5 F
et 5l s, Sen A kb s oot alil gy su alged lacS e Ko
Olie 0t Jlosl Gl slahsd ghaws 4l falS sladiges
ploas Ll cud a Qiz b e Ol o 05
S0y D)aB b () b e g 4Bl el S (ladiges
4 DA oyt e b Al Sl S e diged 1250 bl
Slacl as Ol oo 4 Al melS bbaiges (K/s) lal co o
% OB an banye polde o, Siarulon oo dier S 0
ol 60l T Jguz )0 ladiges

Frogishy Sl oS5 L 4l £lS SlaeS yo wiges o5l
by pe polie .ol (s ,u50;luil (Gretag Macbeth Color Eye 7000A)
el 00l 00ls Lz ¥ Jgaz ;0 rdiges ool 4

Cony g ulia Y

() bipwly p Jtie Jolge 50 &bl s ol sy ol jo
polie a4 > b g 0l cwyp (ANOVA) il g 5JBT g,
pHA_:JoF)AﬁOLM .w‘owwwwﬂ)ofsf}a
Wl S e o Ol ST F oS e jo Sl ey W)
| o»\.n." ¥ J5A> B lem‘di:) uag.l? 9 ‘;5) u)AS

Journal of Color Science and Technology(2013)

Wb ol oS e V50,2 ¥ Jgua

39 w2y Og¥ 903 1521
y- lass,
VO BT-26 (3,
Y Byk-184 ouisS 2351,
\ Byk- 0.23 US wb
\ el Jglie
Y0 JsS sl
v.0 S 995!
) ol
\E Rar (n3)
Yo Raa (i)
Voo foes

il @l pH (slaiygesl b oo Siabl slaailass, (oly=
PR 1 JU U PN PR I SV KU A R SR RV
5 55y Dy LawlasS, 5l Jol> slald el il of oS
L858 sy 50 o8l

ubé c,a.w S9) as 4.59.“3....: 61@05; u‘)..dc ‘pH ua.;o)i SaS L
ools L rolel 51 50 &lyd asdgauwl e b g 48,5 13
A 500 Syle a9 Olpd and gl Ay 09l o
Sl 9 DS (e ST 5 1) Y e D)3 s ls b
Ao g ‘)HLFA ‘é_,.la_‘) 03 UMJLA] ubé G'a.») |).:) Q}MLSA w.\sb.a
it el calie (ST il 0 aigd oo 5 Sl @ T @3
o a4 008 00 (S5, D08 g Codly aes 5l Lolgm ol
ol il s bl sl oo ialel 51 e a5 wlaSs, o8
5 ) D yad Bl (ST F Dl ey Jelts Sleogas
il oo 0o Sinlel slaailaSs ) diges ol

L ygo3l plowil g, —Y-Y-¥
ol bl ans sy 1SO-787-9 s ikl ulul y l,3 pH
2S5 ¥ g ki Ol S VY o, wloS, 2 5165 F ke o, sl
) bolses ol sy gwnbline ojen b adds G Cow 4y gl
PH lawgs bolse pH e aiisloaSS Jlagly oVl 0 4885 O o
4 bgyye polas ol (5,505l (HACH,pH Meter) Jlous s

(IFAY) 55, 6 9Ud 9 pgle (g 3y —pole Ay juiis

15



v

w9 Rl Ygaligalgu 9 43 Yo lous 053 AlaKs) o isleT

w‘ IR ’Mo.uﬁ WOSTUIUINZY " 5.a.> ).ﬁb ).) )J)JB.A J.ALC ‘ LGM JAL:
(g IUT Gogy 4 pH polie p Jitss Jalge 31 owyn b
A Sl S WIS, 4 Pl Cand Jlge a5 sl ooy salive

39 50 PH 2 i b 4 ploj g Led il

One-way ANOVA: pH versus TEMPERTURE
Analysis of Variance for pH

Source DF SS MS F P
TEMPERTU 3 1.762 0.587 1.21
Error 12 5.807 0.484

Total 15 7.569

0.347

One-way ANOVA: pH versus TIME
Analysis of Variance for pH

Source DF SS MS F P
TIME 3 0433 0.144 024 0.865
Error 12 7.136 0.595

Total 15 7.569

One-way ANOVA: pH versus ACID/PIG
Analysis of Variance for pH

Source DF SS MS F P
ACID/PIG 3 1.840 0.613 1.29 0.324
Error 12 5.728 0.477

Total 15 7.569

One-way ANOVA: pH versus SOLVENT/PIG
Analysis of Variance for pH

Source DF SS MS F P

SOLVENT/ 3 2848 0949 241 0.117
Error 12 4.721 0.393
Total 15  7.569
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One-way ANOVA: Rate of Dispersion (DF/DT) versus
ACID/PIG

Analysis of Variance for Rate Of

Source DF SS MS F P
ACID/PIG 3 0.2424 0.0808 2.19 0.142
Error 12 0.4431 0.0369

Total 15 0.6856

One-way ANOVA: Rate Of Dispersion (DF/DT) versus
SOLVENT/PIG

Analysis of Variance for Rate Of

Source DF SS MS F P
SOLVENT/ 3 0.2143 0.0714 1.82 0.197
Error 12 0.4713 0.0393

Total 15 0.6856
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One-way ANOVA: Rate of Dispersion (DF/DT) versus
TEMPERTURE

Analysis of Variance for Rate Of

Source DF SS MS F P
TEMPERTU 3 0.1224 0.0408 0.87 0.484
Error 12 0.5631 0.0469

Total 15 0.6856

One-way ANOVA: Rate of Dispersion (DF/DT) versus
TIME

Analysis of Variance for Rate Of

Source DF SS MS F P
TIME 3 0.0530 0.0177 0.34 0.800
Error 12 0.6326 0.0527

Total 15 0.6856
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One-way ANOVA: Tinting Strength versus
TEMPERTURE

Analysis of Variance for Tinting

Source DF SS MS F P
TEMPERTU 3 0.003003 0.001001 1.35 0.306

12 0.008918 0.000743
15 0.011922

Error
Total

One-way ANOVA: Tinting Strength versus TIME

Analysis of Variance for Tinting

Source DF SS MS F P
TIME 3 0.000945 0.000315 0.34 0.794
Error 12 0.010977 0.000915

Total 15 0.011922

One-way ANOVA: Tinting Strength versus ACID/PIG

Analysis of Variance for Tinting

Source DF SS MS F P
ACID/PIG 3  0.002535 0.000845 1.08 0.394
Error 12 0.009387 0.000782

Total 15 0.011922

One-way ANOVA: Tinting Strength versus SOLVENT/PIG

Analysis of Variance for Tinting

Source DF SS MS F P
SOLVENT/ 3 0.004476 0.001492 2.40 0.118
Error 12 0.007445 0.000620

Total 15 0.011922
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One-way ANOVA: Chroma versus TEMPERTURE

Analysis of Variance for Chroma

Source DF SS MS F P
TEMPERTU 3 3390 11.30 1.61 0.240
Error 12 8440 7.03

Total 15 118.30

One-way ANOVA: Chroma versus TIME

Analysis of Variance for Chroma

Source DF SS MS F P
TIME 3 36.13 12.04 1.76 0.208
Error 12 82.17 6.85

Total 15 118.30
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One-way ANOVA: Gloss versus TEMPERTURE

Analysis of Variance for Gloss

Source DF SS MS F P
TEM 3 661 220 1.88 0.187
Error 12 1409 117

Total 15 2070

One-way ANOVA: Gloss versus TIME

Analysis of Variance for Gloss

Source DF SS MS F P
TIME 3 373 124 0.88 0.479
Error 12 1696 141

Total 15 2070

One-way ANOVA: Gloss versus ACID/PIG

Analysis of Variance for Gloss

Source DF SS MS F P
ACID/PIG 3 302 101  0.68 0.579
Error 12 1768 147

Total 15 2070

One-way ANOVA: Gloss versus SOLVENT/PIG

Analysis of Variance for Gloss

Source DF SS MS F P
SOLVENT/PIG 3 609 203 1.67 0.227
Error 12 1461 122

Total 15 2070

Lnigas ool ot 31 F Jyor e losigas (55, 5598 (g b
<29V o3gazme VPG NID AT YV F T ladiges S5, 08
Olg—e a9 il oo brdiges ady 51 5L g asils 13V, -£9 0
ool o L: ..\.:9..» oolazwl M‘y‘s.a WLAA GiJ) u)dﬁ l; ‘SaLbéJB.o.a
YYVA U YA eogame ,o ol pH A4S 5gd oo 00y diges oyl pH
R

LT gy 4 ladiges (S5y @0 Jitas Jalge Sl gy p b
(ol @Slals ) 4 Pl cas Jolge a5 ol sy osalie il lg
A0 Yae cud 5 eSS, el Cad g Leo

(IFAY) 55, 6 9Ud 9 pgle (g 3y —pole Ay juiis



w9 Rl Ygaligalgu 9 43 Yo lous 053 AlaKs) o isleT

Loyl 3 lg5 0 ANOVA &y bgy o guls ay 4z g5 b e 2090 Slo>
e sl 0,5 ange bacpogas o] 4 aliws cqz |, 25T
£5 Ml Sl (S5 8,08 s Sloogas & oyis Sz
Cpogass dow ol o 1) adgel ;o Cogls) Canly o YL ST
asged Blsie a1 Coglyl keS a5 (ligal 5 00,8 )
ANOVA 4 by o zulis 4y 4> 95 b s 098 o0 Sl las 050
B350 Caogad L diged (nl ad ln 1) STy Ll it ol oo
ot Syt Jole o oty bgia yolie & 4z b giny 5,5 e
OIS ) P e los sla lule 45 S s o Copogas dus
S Sy (s s ) ) (i WSS 4 sl
Ayl Sy @yl

odds iglol S PH 5l slosgass a5 < lgi oo (ppiman
Lidigas 55, 0,08 5 bl (55T 25 i gl (VY Y.)
Azl lad oo G el oot ool diges o adiges ;S0 51 5YL
S S e pond jledgazme (ol azgi b 2SS
ALl ol coale oS o) e b Ol)S abond 5 (S5
ol 35518 4108 6,550 pH sdgumme 4o a5 &l o 5l

Dyg—o A 7,8 (uadelel Dy oS b bele (gidos cnl o
Ogelighly 51 ,0) 039 wigdlsn Jole (slaog S Lawgs lo)s
bl 13 5 05O b 555 oobo 4 &S5, 0,3 (J9SUge
Ol GRS e oab s dele g55 cnl S0 5 (39800 > (a8
crizmad ol 4Bl T3 8 b slalay e 4 oaid il
S o Jites &g 4 STy Jolge SIS 5 0l oalie
ilasls 36 swyp 0,90 ols>

1. K. Schroder, Surface treatment of pigments. Prog. Org.
Coat.16(1988), 3-17

2. Z. W. Wicks, JR. Frank, N. Jones, S. Peter Pappas, Organic
Coatings Science and Technology. Canada, second Edition
By John Wiley and sons,2007.

3. T. Uemura, T. Iguchi, S. Satake, H. Uraki, Y. Idia, Surface
Treated Organic Pigment and Process for the Production
Thereof, US Pat No 5928419, 1999.

4. Hand Book Of Pigment.Vol 3.Temple C.Patton. 1973.

5. J. Bieleman, Additive for Coatings.Wily-VCH. 2000.

6. D. H Solomon, D. G.Hawthorne, Chemistry of Pigment and
Filler. By John Wiley and Sons, 1983.

7. R. Jung, K. Kund, B. Nestler, U. Schmidt, L. Unverdorben,
R. Steiner, The invention provides a process for after
treating organic pigments by causing the ground or
unground crude organic pigment and liquid or supercritical
carbon dioxide to act on one another, US Pat No 6358308,
2002.

8. R. Jung, K. Kund, B. Nestler, U.Schmidt, L. Unverdorben,
R. Steiner, Finishing treatment of pigment in liquide or
super critical CO,, US Pat No 6358308B2, 2002.

Journal of Color Science and Technology(2013)

One-way ANOVA: Chroma versus ACID/PIG

Analysis of Variance for Chroma
Source DF SS MS F P

ACID/PIG 3 19.75 6.58 0.80 0.517
Error 12 98.55 8.21
Total 15 118.30

One-way ANOVA: Chroma versus SOLVENT/PIG
Analysis of Variance for Chroma

Source DF SS MS F P
SOLVENT/PIG 3 882 294 0.32 0.809
Error 1210948 9.12

Total 15 118.30

& o5 4o =¥
Caogas ;o 1045 33,5 o odnline coonl Cuws 4 bl 4 ax45 L

Cpe ..\,_wl.aé_,o e )ilo LngbA.Sy@.S A S Lbcb'yo.} )‘| 6)*““&1
Ol oo pateiis Lo yls |y coeal o s Cpogad plaS o
L diged oloul g 00 co bl Jai )00 diged (o guas
plad polie (ylgs coconds iulel diges V& s 5l calin (slodiges
“"—’5]5‘ Q,J_..u‘ ~ ‘) LQAJ?.QJ raLoJ Lg‘).g oolaw! 3,90 6L®M9.»A.‘>
b G 03,5 (aiie |) Coogas o Coglgl ol (gm0 5 pe
Soglyl nolie (uwogas 1o )0 digei o slacaglgl (0,5 Laie
Ol a5 Gl ged G 03,5 oz laluogas plos o) aiged 2
oS Ldges 4t 5 o] slacaglyl Egorme 4 bogs o dac il

&0 =0

9. G. Chisholm, B. Hag, K. D.M.Harris, S. J. Keith, M.
Morgan, Effect of fluorination on the properties of organic
pigments. Dyes Pigm. 42(1999), 159-172.

10. N, Tsubokawa, M, Kobayashi, T, Ogasawara, Graft
polymerization of vinyl Monomers initiated by azo group
introduced on to organic pigment surface. Prog. Org. Coat.
36(1999), 39-44.

11. K. B.Visscher, B. F. Mc intyre, Aqueous graft copolymer
pigment dispersant, US Pat No 6599973, 2003.

12. S. HwaMa, Polymeric pigment dispersants having multiple
pigment anchoring group, US Pat No 6451950,2002.

13. E. H. Sung, H. Velasquez, G. H. Roberston, Poly phosphoric

acid swelling of organic pigments, US Pat No 6537362,
2003.

14. U. Nickel, K. kund, E. Dietz, J. weber, O. Schupp,
Conditioning of organic pigments, US Pat No 6562121,
2003.

15. C. Y .Lung, E. Kukk, T. Hagerth, J. P. Matinlinna, Surface
modification of silica-coated zirconia by chemical
treatments. Appl. Surf. Sci. 4(2010), 1228-1235.

16. L. Chassot, P. Bugnon, Organic pigments coated with metal

(YAY) 55, 69U 9 pole (g jil (sede &y juls



O 9 (o) Of yg0

17.

18.

19.

20.

21.

phosphate compexe and amins, US Pat No 5641350, 1997.
F. Babler, H. Edward, E. Jaffe, Process for conditioning
organic pigments, US Pat No 5194088, 1993.

J. Het Zenegger, G. Henning, P. Erk, Pigment preparation
with perylen derivative as dispersant, US Pat No 5472494,
1995.

F. Mammeri, L. Rozes, Elaboration and mechanical
characterization of nanocomposites thin films. Part II :
Correlation between structure and mechanical properties of
SiO2-PMMA hybrid materials. J. Eur. Ceram. Soc. 26
(2006), 267-272.

M. Xhanthos, Functional Filler for Plastics, Wiley-vch
Verlag GmbH, 2005.

Y. Chen, S. Zhou, Preparation and characterization of

Journal of Color Science and Technology(2013)

22.

23.

24.

nanocomposite polyurethane. J. Colloid Interface Sci. 279
(2004), 370-378.

H. J. Song, Z. Zhang, Effect of nano-Al,O; surface
treatment on the tribological performance of phenolic
composite coating. Surf- Coat. Technol. 201(2006) 3767-
3774.

S. Lee, D. Kim, J. H. sin, Y. S. Lee, J. Ind. Polyurethane/
silica Composites, Prepared Via in-situ Polymerization in
the Presence of Chemically Modified SilicasEng. Chem. 5
(2007), 786-792.

Z.Q. Wen, Y. Q. Feng, X. G.Li, Y. Bai, X. X. Li, J. An, M.
Lu, Surface modification of organic pigment particles for
microencapsulated electrophoretic displays. Dyes Pigm 92,
(2011), 554-562.

(IFAY) 55, 6 9Ud 9 pgle (g 3y —pole Ay juiis



