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Abstract

It is known that one of the many factors promotiing formation of piling is the

presence of calcium ions. Besides calcium carboiiligg one of the potential

sources of these detrimental ions is the Lithol iRubolecule present in the
magenta ink. Our objective was to determine theatfbf chemical conditions
on the potential contamination of the blanket arelwetting solution system by
calcium ions present in the magenta pigment.

We have used an ion selective electrode to medbereelease or uptake of
calcium by Lithol Rubin at different pH values aaddifferent ionic strengths.
The objective being to try and recreate the sanmalitons present in a web
offset press. We have used a conductometric timgtrotocol to determine the
amount of both carboxylic and sulfonic acid groppssent in the Lithol Rubin
sample. We have also characterized impurities ¢batd interfere with the ion
selective electrode using ICP-OES and the poteptiesence of free calcium
ions.

Results indicated that as the pH was lowered, theuat of free calcium in

Lithol Rubin solutions was rising. The effect ofetlionic strength was more
complicated: release or uptake of calcium have bdEmerved depending on
reaction time. Based on these results, we havewdedt that high ionic strength
and low pH conditions could promote the dissocrat@ the Lithol Rubin-

calcium complex and the formation of deposits cemkéts and in the wetting
solution system.

* Integrated Pulp and Paper Center, Université diel@c a Trois-Riviéres,
Trois-Riviéres, Canada



Introduction

Piling, which is defined as a buildup of unwantedtenial on the surface of a
lithographic blanket, is a significant problem foany web offset printers. It is
known that one of the many factors promoting themfation of piling is the
presence of multivalent ions. These ions, in paldic calcium, play an
important role in the formation of insoluble pretapes which can lead to piling
on blankets. There are many potential sources lmiuca ions in the offset
process. The most obvious one being the calciurbhocate used as filler in
some supercalendered paper grades. However, tteeadsa some other sources
that need to be studied more closely. Among thera,potential candidate is the
magenta pigment which contains two types of caldioms:

e Structural calcium which is an integral part of teucture of the
pigment.

» Excess free calcium which comes from the converefothe pigment
from the protonated to the calcium form.

As it can be seen from Figure 1, the magenta pignaéso called Lithol Rubin,

is the calcium salt of 3-hydroxy-4-[(4-methyl-2-Raphenyl)azo]-2-naphthalene
carboxylic acid. It contains two acidic groups,uf@nic acid and a carboxylic
acid, that are neutralized by a calcium ion.
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Figure 1. Chemical structure of Lithol Rubin, thagenta pigment
(3-hydroxy-4-[(4-methyl-2-sulfophenyl)azo]-2-naphtane carboxylic acid
calcium salt)

Even though it has already been suggested thamtmgenta pigment could
release calcium under certain conditions, its @ffeccontribution to the total
amount of calcium in the offset process has nonbaearly established yet.



Many factors like pH and ionic strength in the Wwegtsolution system could
have a significant effect on the amount of calcions released by the magenta
pigment. Therefore, our objective was to deterntivee potential contamination
of the blanket and the wetting solution system blgiom ions present in the
magenta pigment.

Material and methods
Chemical used

The magenta pigment used in this study, Lithol RUBCA, was obtained from
TCl America. It has a purity of 87,2% (determined/ WV-Visible

spectroscopy). The standard calcium solution (Pé&Zsh 1000 pg/L) was
obtained from SCP Science. The ionic strength aftems was adjusted with
either 0,1N NaCl for conductometric titrations ojOM KCI for all other
experiments.

Free soluble calcium concentration and pH were oredswith a Mettler Seven
Multi pH / ion meter equipped with an ionic expamsiunit and a Mettler
DCA240-Ca calcium combination ion selective eledé&r¢ISE).

Characterization of the Lithol Rubin sample

As it was mentioned earlier, a typical magenta ggtncan contain structural
and free excess calcium. The total amount of caicio the pigment was
measured by acidic microwave digestion of the piginaend ICP-OES analysis.
The maximum amount of structural calcium was caliad from the number of
acidic groups on the molecule as determined by ectodhetric titration. Free
calcium, if present, could be calculated by differe.

The determination of the amount of carboxylic aotfogic acid groups in the
pigment was measured by conductometric titrationgua similar method to the
one developed by Katz et al. (1984) for the titnatiof pulp samples. The
method is based on the relative strength of cadimand sulfonic acids.

Release of calcium: Effect of pH and ionic strength

It is well known that the potential difference meesd between a reference
electrode and an ISE is related to the activityhefion of interest and not to its
concentration. In consequence, changing the iomength of a solution will
change the response of an ISE to that solution dvilre concentration of the
measured ion, calcium in this case, remains the esaklvhen taking



measurements at different ionic strengths, as théscase in this study, one
would have to standardize the membrane responsé @nic strength levels

studied. To avoid this problem, we have first meaduhe ISE response to a
standard C& solution with increasing ionic strength up to 0,IMen, we have

measured the response of the same ISE to a LithbinRsolution in the same
ionic strength range. By doing so, we have obtatmedcurves:

» ISE potential against ionic strength for the staddzlcium solution
* ISE potential against ionic strength for the LitRalbin solution

By calculating the difference between the initiatgntial and any another point
(i) on each curve, it is possible to measure theatievi of the ISE response for

that particular pointi) for both the standarc(AESd)and the Lithol Rubin
(AE;) curves. The change in calcium ion concentratiotthin Lithol Rubin
solution Ac , can then be calculated with the following equation

A c 1OAE(L)R(;2‘;E;¢ o F = Dilution factor "
Cir = 02% 11 wher
e = FCro C.ro = Initial Lithol Rubin conc

The mathematical development of Equation (1) i®giin Appendix. Negative
Ac,, values indicate a reduction of the calcium coneginn and an uptake of

calcium by Lithol Rubin molecules while positivAc , values indicate an

increase of the calcium concentration or a reledsealcium by Lithol Rubin
molecules.

Results and Discussion

Before any experiments could be realized with tigengnt, it was necessary to
characterize it. The amount of calcium and the rembf sulfonic and
carboxylic acid functions in our sample were meadur

The total amount of calcium in the pigment, meadurg ICP-OES, was found
to be 7,65% w/w. This is much less than the 9,42% tlieoretical value that is
given by the mass fraction of calcium in the Litiubin molecule. Several
other metal ions have been analyzed. Among thelyg,smdium was present in
significant concentration (1,1% w/w). The concetitra of all other metals (K,
Mn, Mg, Al, Fe and Cu) was below 100 ppm. Insolutnlaterial, accounting for
around 1,4% w/w of the sample mass, was also fafited the acidic digestion



of the pigment. The amount of calcium found indéchthat the pigment did not
contain any excess calcium. Assuming that the neimgimass of the pigment
was composed of divalent Lithol Rubin ions, theaswven not enough calcium
to neutralize all the negatively charged acidicugs

Let's now turn our attention to sulfonic and carplix acids. These were
measured by conductometric titration. Figure 2 shtve titration of protonated
Lithol Rubin with sodium hydroxide. The curve isvidied in three parts. The
first descending line corresponds to the neutritinaof the excess HCI added
before the titration and to sulfonic groups. Theizantal line represents the
neutralization of carboxylic acids and, finally,ettascending line shows the
accumulation of sodium hydroxide after the endpofrthe titration. Making the
required calculations, we found that the pigmenttamed 2,38 mmol/g of
sulfonic acids and 2,22 mmol/g of carboxylic aciflbese two numbers should
have been equal since the molecule contained siraifeounts of these two
acids. Unfortunately, there was not enough datédabta to determine if the two
results were significantly different. However, ievassume that the pigment is
87,2% pure, as it is claimed by the supplier, wéaimban experimental to
theoretical ratio of 0,927 for calcium. This isancordance with the ratio found
for carboxylic acids (see Table 1). The amount offomic acids was
overestimated probably because of the presencesafadl amount of another
type of strong acid in the pigment. Table 1 sumpeariresults obtained for the
characterization of the Lithol Rubin BCA sampledigethis study.
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Lithol Rubin BCA (563,2 mg)

Solvent: NaCl 0,1N
Initial Volume: 450 ml

Added HCI: 13,2 ml at 0,1N

[
[
[
|
|
|
|
|
|
[
l T

—- Added HCl
- Sulfonates
- Carboxylates
-»- Excess NaOH

— Calculated

|
|
|
[
I

2500 |
g ]
(< i
@ 2000 -
2 ]
g 1
2 1
S 1500 |
-~

5 1
2 ]
g 1000
g 1
o ]
500 -

0 -

0,0

10,0

20,0 30,0

40,0

Volume NaOH 0,1N (ml)

50,0

60,0

Figure 2. Conductometric titration curve of prottathLithol Rubin with

To confirm that the observed changes in condugtiviere really due to the
expected neutralization reactions and accumulatfoions, a theoretical curve

sodium hydroxide

was computed and is showed as a solid black lin€&igure 2. The total

conductivity of a solution is a function of the rabkconductivity and the molar
concentration of each ion present. However, ity mecessary to take into
account ions whose concentration should change edich addition of titrant to

calculate the theoretical curve shown in Figure 2.

Table 1. Characterization of the Lithol Rubin BCa&ngple: Calculated and
experimental chemical composition

Calcium Calcium Sulfonates | Carboxylates
(% wiw) Corrected for | (mmol/g) (mmol/g)
purity
(% wiw)
Theoretical 9,42 8,22 2,36 2,36
Experimental 7,65 7,65 2,38 2,22
Exp. / Theo. 0,812 0,927 1,01 0,941




In the first part of the curve, the descending lifree H ions coming from

either added hydrochloric acid or the dissociatioh sulfonic acids are

neutralized by the addition of sodium hydroxide. &lculating the expected
change in concentration for each ion, it was pdsgip obtain the net change in
conductivity after each addition of titrant. Foretmeutralization of sulfonic
acids, and other strong acids which might be ptegerthe pigment, the

calculated value is -32,6 uS/cm and correspontisetéollowing reaction:

Himee + HL +NaOH = HL” + Na" +H,0 where L=Lithol Rubin anior (2)

The experimental value we found was -32,3 ps/cmtliie first part, calculated
and measured conductivity values are in good aggaem

The central horizontal line indicates that no chleng conductivity occurs
during the neutralization of carboxylic acids. hetoriginal method developed
for the titration of pulp fibers, this constant domtivity was explained by the
fact that, as carboxylic acids are neutralized,wadons replacing hydrogen
ions were immobilized near the fiber-water inteefa@vhere carboxylic acid
groups are located). The same phenomenon seentsuo with Lithol Rubin.
The divalent anionic form of the pigment acts ljkap fibers. Sodium ions are
immobilized near the anion, probably between the &sidic groups, and cannot
contribute to the total conductivity of the solutio The corresponding
neutralization reaction can be expressed as:

HL™ +NaOH = NaL™ +H,0 3)

Conductivity measurements in the horizontal parttloéd curve were very
constant. The average value was 881 uS/cm withefficient of variation of
only 1,4%.

Finally, in the ascending part of the curve, sodlwdroxide should accumulate
in the solution. This should have given a condiitstiincrease of +24,5 uS/cm
with each addition of titrant. However, the experital value was only
+17,1 uS/cm. The smaller increase could be atgtbub calcium hydroxide
precipitation at high pH values (higher than 1@ttivere reached near the end
of the titration.

In summary, the characterization of the Lithol Rusample showed that the
pigment was around 94% pure on a weight basis.cBlmium, this translates
into a 87,2% w/w purity. The remaining mass was jposed of unidentified

organic and inorganic material. Finally, the pigtess well washed. We did
not find any excess calcium.



Effect of pH

The effect of pH on the solubility of calcium is Wknown. Most of the work
done on calcium release by the magenta pigmentbassd on the fact that as
pH is lowered, calcium solubility in water increasdisplacing the equilibrium
shown in Equation (4) to the right:

CalL = Ca®" +L* where L=Lithol Rubin aniol (4)

However, it is also important to take into accotlna time needed to reach a new
equilibrium when pH is changed. As an example, whesasuring the ISE
response at low pH, it was necessary to wait fotd3@5 minutes to reach a
stable reading. However, as the pH increased,ghiilerium was reached much
faster (within five minute). In general, the -caltiuconcentration was
overestimated when measurements were taken befpuiibaum conditions.
This problem will be discussed in more detailshie hext section.

Our results indicated that the effect of pH wa®gsected: as the pH lowered,
the dissociation of Lithol Rubin increased resugjtin a higher concentration of
free calcium ions (Figure 3). Similar results wetsained by Braun (1985) for
the acidic part of the curve (below pH 7). In otudy, we have increased pH to
higher values to determine the effect of neutrating solutions.

The ionic strength of the solution that was useMtain the curve shown in
Figure 3 was adjusted to 0,08M. In consequenceadaion of titrant (sodium
hydroxide) did not influence significantly neithéine ionic strength of the
solution nor the response of the ISE.

Between pH 7 and 10, the maximum calcium conceatras controlled by the
solubility of calcium hydroxide (Ca(OH) since no other precipitating cations
are present. In a real wetting system, other anitreg@ can cause the
precipitation of calcium are present (e.g. citraf@sosphates). The increase in
calcium in this range is explained by the fact tihat total concentration of free
cd" is lower than that of calcium hydroxide. The suddecrease in free
calcium at pH 7 may be caused by the importantegme in calcium solubility
near this pH value. At pH 7, 65% of the total aatcihas already been released
from Lithol Rubin. The remaining calcium was slowbleased as the pH was
further lowered.



Lithol Rubin BCA (18,5 mg)
Initial Ionic Strength: 0,08 M
Initial Volume: 100 ml
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Figure 3. Calcium release from Lithol Rubin with pH

Effect of ionic strength

The variation of the calcium concentration withimstrength was calculated
with Equation (1). Results are shown in Figure woTdifferent Lithol Rubin
concentrations have been studied: 22 ppm and 70 fips important to note
that different stabilization times were used focteaoncentration. In the case of
the 70 ppm solution, which was first obtained, thtabilization time was
relatively short (15 minutes) between additionsarfic strength adjuster. The
pH was relatively stable along each experiment.éx@mple, in the case of the
70 ppm curve, the pH went from 5,0 to 6,1. Accogdia Figure 3, the calcium
release in that pH range should be less than 10#teofotal calcium available.
Variations observed in Figure 4 are much largen that value. In consequence,
these variations really represent the effect oitistrength.
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Figure 4. Effect of ionic strength on calcium ralear uptake by Lithol Rubin
at two different concentrations

It was also relatively difficult to measure thetiai calcium concentration of
both standard and Lithol Rubin solutions. The atittalcium concentration of

Lithol Rubin solutions € ,), which appears in Equation (1) above, was

required to calculate the variation of the calciwwoncentration in these
solutions. Because of this problem, the valuegf, was arbitrarily set to 0 at

an ionic strength of 0,008M. In consequence, comagons shown in Figure 4
are not actual concentrations. The amount of cal¢hat was initially present in
solutions was ignored. This explains the presehoegative concentrations.

For the 70 ppm solution, a 15 minute stabilizatimme was used. Under these
conditions, calcium was gradually released fronhdlitRubin at the lower ionic
strength until a stable concentration was reachrethe case of the low Lithol
Rubin concentration (22 ppm), much longer staliliatimes (30-45 minutes)
were used. Under these conditions, a different iehavas observed. Very low
ionic strength prevented calcium dissociation, icaic uptake was observed.
However, at higher ionic strength, the trend wagerged and a release of
calcium was observed. Unlike the 70 ppm curve 2@pm curve did not level
off, at least below 0,1 M ionic strength. This medmat more calcium could be



released at higher ionic strength. We could notppse any theoretical
explanation for the minimum observed on the 22 ppnve.

Conclusions

The potential contamination of the blanket and wsdting solution system by
calcium ions present in the magenta pigment watuated. The effect of pH
and ionic strength on the release or uptake oflgaldy a Lithol Rubin sample
has been determined. A conductometric titration lioed with ICP analyses
showed that the pigment used in this study conthamproximately 94% Lithol
Rubin and no excess calcium. ISE measurements shahet high ionic
strength and low pH conditions, which are frequemttesent on web offset
commercial presses, promote the dissociation of lilteol Rubin-calcium
complex. Even though the time needed to reachibguin between variations
of pH and ionic strengths was relatively long, esqléy at lower pH and ionic
strengths, the magenta pigment could constituigrafisant source of calcium.
The presence of anions forming insoluble compounitls calcium on a real
offset press would accentuate the release of ¢aldin conclusion, the magenta
pigment can certainly promote the formation of dg#fsoon blankets and in the
wetting solution system.
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Appendix

The ion selective electrode used in this work imembrane electrode that is
permeable to calcium ions. The potential acrossmbenbrane is given by the
Nernst equation:

e=RTin [_VACA] (A1)
F 1y

WhereA refers to calcium ions in the bulk solution @hdefers to calcium ions
in the membrane inner solution. In the case ofigaldSE, calcium ions activity
inside the membrane is constant ggc,is a constant. Keeping the ionic
strength below 0,1M, we can use the Debye-Huckehton to calculate the
activity coefficient of calcium ions in the bulklston (y,) leaving only the
calcium concentration unknown. Therefore, the piaéndifference (AE)
between initial conditions(),c,) and a certain addition of ionic strength

adjuster(yic, ) at standard temperature and pressure is given by:

AE =0,0296¢ log/ % (A2)

Voo

The difference betweedE, values for a standard Ca solution and a Lithol
Rubin solution of similar ionic strengths can beressed as:

C .. C
AEi,LR _AEi,Sd = 0,0296¢ |O{ ViriCiri % Vaa 0 sm,o] (A3)

ViroCiro VadiCaui

In the case of the standard calcium solution, veeaatding known amounts of
ionic strength adjuster to a solution of knowniatitoncentration in Ca In
consequence, the calcium concentration of the atdndolution can be
calculated with:

Vo
Vo +VISA

Caqj = Cag0 = FCqq o Where F = dilution factc (Ad)

Some simplifications can be done to Equation (AB); , and Jg, , are equal
to 1 since they are measured a solution with ait istnength close to 0. We can
also assume thay, ; and )y, ; are similar at any ionic strength. Substituting



Cqq,; With Equation (A4), applying those to Equation j/éhd rearranging to

isolateC ; :

AE! LR _AE| .Sd

Curi = FCgol0 02% (A5)

We know that the calcium concentration in the LitRabin solution during the
titration (C_g;) will be equal to the initial concentration (adjd for the

dilution factor) plus the amount released or talggrby Lithol RubimAc , :
CLR,i = I:CLR,O + ACLR (A6)

It is important to note that no calcium precipibatioccurs at the studied pH
values. Substituting Equation (A6) in Equation (Afd solving foAc, :

AE g ~AEgy
Ac g = FCry {10 0,029 — 1J (A7)

This last equation is valid because wh , - AEg, =0 , we obtainAc ; =0.
It is also important to note that evendf, , is not measured accurately, only the

absolute value ofAc, . will be affected. The negative or positive signcasated

to the value will still indicate accurately the gate or uptake of calcium by
Lithol Rubin.



