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Abstract 

 In this study, modification of an amino polyether with resorcinol-aldehyde condensate was 

performed using four different aldehydes [formaldehyde, glutaraldehyde, butyraldehyde and 4-

(N,N-dimethylamino)benzaldehyde] to give dispersants (1 – 5)  to be used as dispersing agents 

for solvent based inkjet inks. The prepared dispersing agents were characterized using FT-IR and 

GPC. The optical properties and stability efficiency of the ink formulated with the prepared 

dispersing agents were investigated. The dispersants (1-5) were evaluated for their efficiency   in 

comparison to commercial dispersing agents used in the market. Formulations of dispersants 4 

and 5 showed excellent results in comparison to the commercial dispersing agents and have a 

good potential as effective dispersing agents for solvent based inkjet inks. 

Keywords: Resorcinol, Aldehyde, Inkjet inks, dispersing agent, Pigment. 

1. Introduction: 

 Inkjet printing was found to be an incredibly powerful tool for its economic and time efficient 

performance in short run jobs and was adapted to print other functional materials such as 

conductive inks, light emitting diodes (LED’s) [1] and even three dimensional objects [2]. The 

inkjet printing process is very complicated, and their inks must meet tough requirements for 

storage stability, jetting performance, color management, wetting and adhesion to substrates [1, 

3]. Inkjet inks are mainly classified according to the medium system used into (solvent based inks 

– water based inks – eco-solvent inks – UV inks – latex inks) [4], and according to the colorant 

used into (pigment based – dye based) [5].   

Pigments are solid colored particles suspended in the ink medium. They need to be well dispersed 

and very small in size in order to give good color intensity and stable inks without precipitation 

to avoid clogging of the print-head [6], That’s why pigment particle size should be less than 300 

nanometers in order to ensure no clogging of the essential and very expensive printhead [7,8].  

 

*Corresponding author : a.sayed@deglachem.com 



ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  J. Sci. Res. Sci.,Vol.(35), 2018 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

 

299 
 

 

This can be done by adding dispersing agents during ink manufacture to facilitate the breakdown 

of pigment particles and prevent them from recombining into particles of large sizes [9,10].   

 Dispersing agents are specifically designed polymers which have a pigment affinic groups such 

as (OH-, COOH-, NH2-, NR2-, aryl-, nitrile-, amide-, etc..) which adsorbs on pigment particle 

surface [11-13], and a solvent affinic chain (tail) such as (polyether – polyacrylate – polyester – 

etc..) which extends in solution to provide steric stabilization against reagglomeration [14]. A 

combination of good anchor and good tail can be prepared through Mannich reaction. Mannich 

reaction essentially replaces the active hydrogen on a nucleophile such as resorcinol with an 

amino compound using aldehydes as a methylene bridge between the amine and the nucleophile 

as illustrated in Scheme 1 [15-19]. 

 

Scheme 1. Mannich reaction between formaldehyde, a primary amine and resorcinol under 

alkaline conditions 

 Resorcinol-aldehyde resins are well known and are being used in many applications such as 

adhesives, UV light stabilizers and printing inks [20, 21]. Many detailed studies on the chemistry 

and applications of resorcinol aldehyde resins have been done [22 – 34]. 

 In the present work, we report herein  the synthesis of new dispersing agents using polyether 

modified resorcinol-aldehyde condensate and the evaluation of their performance in inkjet ink 

formulations in comparison to commercial dispersing agents as a cheaper and easier to prepare 

alternative using mature industrial technology with at least the same quality as commercial 

dispersants. 

 

2. Experimental 

2.1 Materials: 

 Resorcinol (Oxford-India), Formaldehyde 37-41% (Piochem-Egypt), Glutaraldehyde 25% 

(Oxford-India), Butyraldehyde (Merck KGaA - Germany), 4-(N,N-dimethyamino)benzaldehyde 

(Oxford-India), Toluene (El-Mohandes – Egypt), Jeffamine M-2070 (Methoxy  

poly(oxyethylene/oxypropylene)-2-propylamine Mw 2000) (Huntsman-Belgium), Commercial 

inkjet organic pigment dispersant from (BASF-Germany) and carbon black dispersant from 

(Tianlong-Taiwan). 

All reagents were used without further purification unless otherwise specified. 
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2.2. Instruments 

Bruker FT-IR analyzer; ALPHA-Platinum FT-IR Spectrometer with ATR Platinum–Diamond 

sampling modulefrom 400 to 4000 cm
–1

. Gel permeation chromatography (GPC) Agilent model 

1515 pump system equipped with 1260 infinity refractive index detector and using THF as 

eluent. Operating with a flow rate of 1.00 ml/min at 35 
0
C. Column PL-gel 3 lm Mixed E 300 7.5 

mm covering a molecular weight range of 600–400,000 mg/g was used and was calibrated using 

polystyrene standards. Master size 3000 laser light scattering particle size analyzer: X-rite 

measurements (Relative color strength - ΔE – Transparency) Printing ink strength, lightness and 

shade were measured using EXACT – PANTONE X-rite spectrophotometer, where; ΔE 

represents the differences between samples and standard in these three parameters l, a, b.Gloss 

The gloss of the printed film was measured on the printed polypropylene film using BIUGED 

BGD 514 (60°) gloss meter. 

   2.3. Methods: 

 Stability Test, Stability test of ink was performed according to (ASTM D 1849 – 95). 

 Adhesion Test, Adhesion was measured according to (ASTM D3359-02) and examined visually 

for the detached ink from the printed film. 

 Particle size testwas measured according to ASTM method D4464-00. 

 Dispersant solubility in common solvents, the test was performed for the prepared polymeric 

dispersants in which a 50:50 solution was prepared from the polymers and common solvents such 

as ethyl acetate, ethanol, water and toluene. 

 

2.3.1 Synthesis of dispersants (1-5). 

General procedure 1 for preparation of dispersants (1-3) 

Resorcinol (1 mole) was mixed with (2 mole) of aldehyde and (1 mole) of Jeffamine M-2000, 

then 60 ml of toluene were added. The reaction mixture was heated at 100-110
o
C for 7 h  until 

completion of the reaction as monitored with FT-IR as no more aldehyde is detected. 

Dispersant 1 

 The reaction was carried out using formaldehyde. A deep red viscous liquid was obtained, dried 

till over 99.0% nonvolatile matter (NVM). FT-IR shows the characteristic peaks at 3430 – 3460 

cm
-1

 for hydroxyl stretching, and 1610 cm
-1

 for C=C aromatic stretching of resorcinol. Also 

increased bending peak at 1650 cm
-1 

for the methylene bridge of formaldehyde. 

Dispersant 2 

 The reaction was carried out using butyraldehyde. A yellowish brown liquid of lower viscosity 

than dispersant 1 was obtained, which was dried till over 99.0% nonvolatile matter (NVM). FT-
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IR shows similar peaks to dispersant 1 except for the increased intensity of methylene and methyl 

bending peak at 1450 and 1380 cm
-1

 respectively due to the aliphatic carbon chain of 

butyraldehyde. 

Dispersant 3 

 The reaction was carried out using N,N’-dimethylaminobenzaldehyde. A deep red viscous liquid 

was obtained, dried till over 99.0% nonvolatile matter (NVM). FT-IR shows a unique peak at 

1300-1330 cm
-1

 due to the presence of tertiary amine stretching.Also an increase in aromatic 

double bond stretching at 1610 cm
-1

 due to the presence of 4-dimethylaminobenzaldehyde. 

General procedure 2 for preparation of dispersants (4&5) 

Resorcinol was reacted with N,N-dimethylaminobenzaldehyde and glutaraldehyde for dispersants 

4 and 5 respectively at 95-100°C for 1.5 h, then 60 ml toluene, Jeffamine M-2070 and 

formaldehyde (37%) were added under stirring then heated at 100-110°C for 6 h, till completion 

of the reaction as monitored with FT-IR with no detectable aldehyde. Reaction products were 

then dried till over 99% NVM. 

Dispersant 4 

The reaction was carried out as described in general procedure 2, using (1 mole) of N,N-

dimethylaminobenzaldehyde and (2 moles) of resorcinol then added (3 mole) Jeffamine M-2070 

and (4 mole) formaldehyde. A deep red viscous liquid was obtained and its FT-IR shows similar 

spectrum to dispersant 3 except for the lower intensity of tertiary amine stretching at 1300-1330 

cm
-1

 and lower aromatic stretching at 1601 - 1650 cm
-1

 due to the lower content of 4-

(dimethylamino)benzaldehyde accompanied with increased methylene  bending peak at 1450 cm
-

1 
due to the presence of formaldehyde. 

Dispersant 5: 

 The reaction was carried out as described in general procedure 2. Reaction of (4 moles) 

resorcinol and (1 mole) glutaraldehyde first then (7.5 moles) of formaldehyde, (4 moles) of 

Jeffamine M-2070 and 60 ml toluene were added. A deep red viscous liquid was obtained and its 

FT-IR shows similar spectrum to dispersants 1 and 2 except for the increased aromatic stretching 

intensity at 1601 - 1650 cm
-1

 and hydroxyl stretching at 3450 cm
-1

 due to the higher 

concentration of resorcinol in dispersant 5. 

2.3.2 Inkjet ink formulation: 

 All samples were ground using zircon beads at 100% of ink mass on a devil shaker. Table 1 

shows the formulation used for the preparation of inkjet inks: 
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 Table 1: Inkjet ink formulation for testing dispersants (1-5) 

Chemicals Weight percent 

Inkjet varnish 92.5 % 

Pigment 5.0 % 

Dispersant 2.5 % 

 

3. Results & Discussion. 

The prepared dispersants (1-5) Scheme 2 have considerably higher viscosity than the starting 

polyether raw material, and dispersant 1 has the highest viscosity due to the lack of hindering 

side chain groups which means a more pronounced hydrogen bonding and interaction between 

polymer chains, while dispersant 2 has the lowest viscosity of all samples due the extensive 

presence of the softening and H-bond hindering aliphatic chain side groups of the butyraldehyde 

[35]. Prepared dispersants (1-5) are soluble in water, ethyl acetate, toluene and ethanol. 
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Scheme 2: Synthesis of targeted dispersants (1-5). 
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 Dispersants (1-5) had a deep red color except for dispersant 2 which has yellowish brown color. 

The deep red color is due to the side reaction of resorcinol with different aldehydes forming 

xanthene dye molecules [32,36]. Scheme3 shows the chemical formation of the red colored side 

product: 

 

Scheme 3: Side reaction of resorcinol with aldehydes to form red xanthene dye[37] 

 Dispersant 2 however, didn’t have this pronounced red color due to the slower rate of reaction of 

butyraldehyde as the reaction rate decreases with increasing the aliphatic chain due to steric 

hindrance[38]. 

3.1.FT-IR  Results: 

FT-IR spectra (Figure 1) of prepared dispersants (1-5) show the absence of C=O stretching band 

of aldehyde at 1710 – 1740 cm
-1 

region, which indicates the reaction of the aldehyde [39,40]. 

However, resorcinol and N,N-dimethylaminobenzaldehyde showed their characteristic spectra at 

1610 cm
-1

 for C=C aromatic bending [41] vibration accompanied by C-H aromatic stretching at 

3030 cm
-1

.Characteristic bands of Jeffamine M-2070 at 2875 cm
−1

 and 2970 cm
−1

 [41] for the 

stretching vibrations of CH2 and CH3 groups, respectively, at 1450 cm
−1

 and 1370 cm
−1

for the 

bending vibrations of CH2 and CH3 groups, respectively, at 1090-1093 cm
−1

for the ether C–O–C 

stretching band of the polyether chain [42, 43]. 
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Figure 1: FT-IR spectra for Dispersants (1-5). 

3.2.GPC results: 

 GPC results indicate the difference in molecular weight readings (Mn, Mwand polydispersity 

index ―PDI‖) between the prepared dispersants and the polyether starting material Figure 2 and 

Table 2. 

Table 2 GPC results of the five dispersants and the starting polyether raw material: 

Sample Mn Mw PDI 

Dispersant 1 3,077 4,268 1.387 

Dispersant 2 4,394 6,250 1.422 

Dispersant 3 2,701 3,240 1.199 

Dispersant 4 2,884 3,366 1.167 

Dispersant 5 2,858 4,065 1.422 

Jeffamine M-2070 2,158 2,505 1.160 
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Figure 2: GPC chromatogram of polyether reactant and dispersants (1-5) final products. 

 The low reactivity of the high molecular weight mono-functional Jeffamine M-2070 allowed the 

reaction of resorcinol and aldehyde to proceed fairly to completion (form a large anchor core 

first) before it reacted with the resorcinol-aldehyde condensate using formaldehyde or methylol 

group as a bridge. 

3.3.Characterization of inks prepared using prepared dispersants (1-5). 

3.3.1. Particle size distribution results for cyan 15: 3 and black 7 inks. 

a. Cyan 15:3 inkjet inks: 

 Particle size test results for cyan inkjet inks prepared with BASF commercial dispersant and the 

new prepared dispersants before and after stability (Table 3). 
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Table 3, Particle size distribution of cyan 15:3 inkjet ink samples before and after accelerated 

stability test at 65
o
C for two weeks. 

Cyan (15:3) Sample 

Particle size in micrometers (+/- 0.02 µm) 

Before 
After (2 weeks at 

65
o
C) 

D10 D50 D90 D10 D50 D90 

Dispersant 1 0.056 0.120 0.249 0.057 0.122 0.257 

Dispersant 2 0.058 0.123 0.257 0.060 0.130 0.267 

Dispersant 3 0.059 0.125 0.259 0.059 0.126 0.266 

Dispersant 4 0.057 0.121 0.250 0.058 0.124 0.258 

Dispersant 5 0.057 0.120 0.247 0.057 0.122 0.254 

BASF dispersant 0.054 0.120 0.251 0.058 0.122 0.255 

Blank 0.077 0.180 0.716 0.132 0.421 1.896 

 

 From the data in Table 3 all dispersants (1- 5) achieved excellent stability against precipitation 

and particle size growth with less than 5% growth in D90 particle size; Dispersants (2 and 3) 

achieved very good particle size results and good stability as well, yet were they had higher D90 

than BASF dispersant and dispersants (1,4,5). All prepared dispersants achieved excellent 

stability and particle size reduction while blank samples had mild precipitation. 

b. Black 7 (Carbon black) 

 Particle size test results for black 7 inkjet inks prepared with Tian Long commercial dispersant 

and prepared dispersants (1-5) before and after stability are presented in Table 4: 

Table 4 Particle size distribution of black 7 inkjet ink samples before and after accelerated 

stability test at 65
o
C for two weeks 

Carbon Black Sample 

Particle size micrometers (+/- 0.02 µm) 

Before 
After (2 weeks at 

65
o
C) 

D10 D50 D90 D10 D50 D90 

Dispersant 1 0.020 0.056 0.143 0.020 0.061 0.145 

Dispersant 2 0.020 0.054 0.140 0.020 0.060 0.149 

Dispersant 3 0.020 0.055 0.145 0.020 0.060 0.147 

Dispersant 4 0.020 0.053 0.145 0.020 0.056 0.148 

Dispersant 5 0.020 0.053 0.144 0.020 0.059 0.143 

Tianlong dispersant 0.020 0.054 0.145 0.021 0.058 0.148 

Blank 0.019 0.050 0.198 0.076 0.158 0.363 
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 From data in Table 4, prepared dispersants (1-5) achieved excellent stability against 

precipitation and particle size growth with less than 2.5% growth in D90 particle size after 

stability, except for dispersant 2 which had 6.4% growth after 2 weeks at 65°C. Blank sample on 

the other hand suffered from mild precipitation 

3.3.2. X-Rite, Adhesion & Gloss meter results: 

 All formulations prepared using the new dispersants provided films with excellent adhesion on 

polyvinyl chloride (PVC) substrate. The results for specular gloss and relative color strength in 

comparison to the commercial dispersing agent are listed in Table 5: 

Table 5 Specular gloss and relative color strength of inkjet ink films prepared with dispersants 

(1-5) against commercial standard. 

Color Sample 

Gloss (GU)° 
Relative color 

strength ∆S% 

Before After 
Before After 

Cyan (15:3) 

Dispersant 1 58.1 52.1 93.1 99.3 

Dispersant 2 54.2 52.7 97.2 94.8 

Dispersant 3 61.3 57.9 100.1 95.4 

Dispersant 4 59.8 59 98.6 100.4 

Dispersant 5 62.7 60.9 101.2 100.3 

BASF Dispersant 60.5 57.8 100 100 

Blank 47.2 32.4 77.3 69.8 

Black 7 

Dispersant 1 94.1 89.7 114.1 116.5 

Dispersant 2 88.2 83.3 93 89.9 

Dispersant 3 87.0 80.2 96.1 81.5 

Dispersant 4 92.6 91.1 100.3 113 

Dispersant 5 94.8 92.6 108.2 103.3 

Tian Long Dispersant 93.6 91.9 100 100 

Blank 57.0 45.3 70.5 62.1 

 

 From the data in Table 5, dispersants 4 and 5 achieved the best color strength, specular gloss 

among the prepared dispersants and were comparable in quality to the commercial dispersant in 

cyan 15:3 inks and proved successful in this type of inkjet inks. Dispersants 1, 2 and 3 had good 

color strength and specular gloss, yet they were lower in quality than the commercial dispersant. 

Black 7 results from data in Table 5 show that dispersant 1, 4 and 5 had the best color strength 

(black jettness) and specular gloss among the prepared dispersants of present work, they were 
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comparable in quality to the commercial dispersant and proved effective dispersing agents for 

carbon black inkjet inks. 

 The high reaction rate of resorcinol with aldehydes enables good yields even with some of the 

less reactive aldehydes [20]; the two hydroxyl groups on the resorcinol molecule along with the 

electron rich benzene ring give it the possibility of bonding with a wide range of pigments of 

different chemical structures. 

 The use of functional aldehydes can significantly increase the anchoring effect towards the 

pigment surface, for example, 4-(N,N-dimethylamino)benzaldehyde had the direct advantage of 

the presence of tertiary amine to give effective dispersant and is also the least sensitive to surface 

moisture [12], While glutaraldehyde had the indirect advantage of increasing the anchor sites 

through its bi-functional aldehyde. Butyraldehyde on the other hand had the disadvantage of 

lower wettability of the saturated aliphatic short chain of butyraldehyde to the compact aromatic 

surface of most organic pigments and carbon black which is mainly due to the lower Pi (π) 

electrons interaction with surface Pi electrons cloud on the compact aromatic structure. 

 The lowest dispersing performance was obtained by dispersant 3 which has the highest density 

of aromatic moiety closely stacked together along its anchor chain. This in turn increases affinity 

of the fully aromatic dispersant anchor molecules to each other (head to head) in competition to 

their affinity to the pigment surface. Best results however, were obtained by dispersants 4 and 5 

which had the most convenient polarity with regards to the pigment surface. 

 The low reactivity of the high molecular weight mono-functional amine polyether allowed the 

reaction of resorcinol and aldehyde to proceed fairly to completion (form a larger and more 

efficient anchor core first) before it reacted with the resorcinol-aldehyde condensate through 

formaldehyde or methylol group as bridge. The manipulation of such resins to comply with the 

requirements of inkjet dispersants (Good anchor group and good tail) can provide an effective 

dispersing agent with very good mechanical (especially adhesion to substrate) and optical 

properties, the diversity of possible aldehydes and good reaction rate of resorcinol provide good 

opportunity to control the polarity and functionality of the anchor group to be compatible with 

many pigments of different chemical families used in the inkjet printing industry. 

4. Conclusion: 

 In this study, a series of new dispersing agents were prepared by modification of polyether amine 

with different resorcinol-aldehyde condensates to produce dispersing agents (1-5). Inkjet ink 

formulations were prepared and evaluated in comparison to a commercial dispersing agent in 

terms of particle size, optical and mechanical properties as well as accelerated stability to provide 

a cheaper and easier to prepare alternative using mature industrial technology alternative to 

commercial dispersants. Evaluation results showed that dispersants 4 and 5 had the best 

performance among the other prepared dispersants in terms of particle size and optical properties 

and comparable to the commercial dispersants tested. Dispersants 4 and 5 showed a very good 
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potential as inkjet dispersants, while dispersant 1 exhibited a very good performance in terms of 

particle size but was lower in optical qualities compared to the commercial dispersants used. 
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  باللغة العربيةالملخص

 

 .لأحبار الطباعة بالنفث (ريزولسينول- ألذهيذ )تحضير وتقييم مشتتات بوليمرية مبنية علي 

 

نادية غريب قنذيل
1

نبيل عبذ المنعم نجم ,
2

أحمذ سيذ أحمذ, 
3

 

 
1

. يصش, انماْشة, رايعّ عيٍ شًس, كهيتانبُاث,  لسى انكيًياء

2
. يصش, انماْشة, يعٓذ بحٕث انبتشٔل,  لسى انبتشٔكيًأياث

3
. يصش, انماْشة, ششكت درهت نهكيًأياث,  لسى انبحٕث ٔانتطٕيش

 

ٔرنك باستخذاو , أنذْيذ– في ْزِ انذساست تى تعذيم أييٍ يتعذد الايخش بٕاسطت َاتذ تكخيف انشيضٔنسيُٕل 

ٔرنك لإَتاد  (حُائي ييخيم أييٍ بُضأنذْيذ– بيٕتيشانذْيذ – رهٕتاسانذْيذ – فٕسيانذْيذ )أسبعت أنذْيذاث 

تى تٕصيف . ٔإستخذايٓى كعٕايم يشتتت لأحباس انُفج انًبُيت عهي انًزيباث انعضٕيت (5 - 1)انًشتتاث 

كًا تى انتحمك يٍ انخٕاص انبصشيت ٔكفاءة . FT-IR  ٔ GPCانعٕايم انًشتتت انتي تى تحضيشْا بإستخذاو 

( 5 - 1)ٔايتذث انذساست نتشًم تمييى انًشتتاث . الإستمشاس لأحباس انُفج انًحضشة بانًشتتاث انًُتزت

ٔتبيٍ يٍ َتائذ انذساست أٌ تشكيباث , انًحضشة يماسَت بًشتتاث تزاسيت يستخذيت في أحباس انُفج في انسٕق

انًحضشة  نٓا َتائذ يًتاصة بانًماسَت يع  انًشتتاث انتزاسيت انًستخذيت  كًا أٌ  (5 ,4)الأحباس بانًشتتاث 

 . نٓا إيكاَيت ريذة نتكٌٕ عٕايم يشتتت فعانت لأحباس انُفج في انًزيباث انعضٕيت

 


