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ABSTRACT

The water retention of coating colors can be accurately measured by devices
such as an AA-GWR water retention meter whose principle of measurement is
based on pressure filtration of coatings under an externally applied air pressure
over a certain period of time. It was hypothesized that such devices could be also
used to determine the immobilization solids (IMS) of coating colors by determining
a sudden drop in the rate of dewatering, that is, a sudden change in the drainage
curves. To test this hypothesis, the immobilization solids of coating colors
containing various thickeners and water retention additives at different levels were
first accurately measured by a modified immobilization tester based on the
well-known gloss drop method, and then their values were compared with those
obtained by an AA-GWR water retention tester. They agreed very well and
showed that the mean of the solids differences is 0.36% in the IMS points between
both methods. This good agreement was not surprising because both test methods
are based on the same end-point, that is, the immobilization solids point at which
menisci begin to form at the coating surface. Theoretical considerations supporting
this new method for measuring the immobilization solids of coating colors are
presented and some recommendations for the test method are discussed. Also, the
effect of various thickeners and water retention additives on the properties and
printability of coated papers is discussed.
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Table 1. Coating Formulations and Properties

Formulation (parts)
And A B C D E F G H
Coating Color Properties

No.1 CLAY (Hydragloss 90) 35 35 35 35 35 35 35 35
CaCO, (Hydrocarb 90) 65 65 65 65 65 65 65 65
S/B LATEX (Dow CP 638) 12 12 12 12 12 12 12 12
THICKNER A (UCAR-A) 0.05 | 0.1 0.2 0 0 0 0 0
THICKNER B (J-A) 0 0 0 0.1 0 0 0 0
THICKNER C (J-B) 0 0 0 0 0.1 0 0 0
CMC (7L) @ 5% 0 0 0 0 0 0.25 0.5 1
% SOLID 68.6 68.8 68.7 68.7 68.5 66.8 65.0 62.0
VISCOSITY(Brookfield DV-II), cps 1,100 (1,690 3,570|1,720{1,82011.48011,990 | 2,660
PH (Corning PH meter 340) 8.28 8.07 7.92 7.97 8.06 8.30 8.36 8.42

Table 2. Monomer Compositions of Thickeners A, B, and C

Composition 3 Macromonomer CTA
Methacrylic . Molecular
(Wt.%)and Ethy! Acrylate ) (Hydrophobe |(Chain Transfer .
Acid Weight
Thickener Type Stearyl alcohol) Agent)
Thickener A e 40 5 0 Uigh
i
(UCAR-A) g
Acrylic Acid
Thickener B 75 25 0 0.5 Lower
J-A)
Thickener C 70 30 0 0 Higher
(J-B)
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Figure 1. A Modified Immobilization Solids Tester Based on a Gloss Drop Method.
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Figure 2. AA—GWR Water Retention Meter [11].

Table 3. Technical Data for AA—GWR Water Retention Meter.

Test Cell Area: 8.0 cm’

Sample Volume: 10 ml

Cell Pressure: 0-30 psi

Input Pressure: 100 psi

Electrical: 115V

Timer: LCD Digital Display
Weight: 18 Ibs. Net

Dimensions: 10x10x7 (HxWxD) in inches
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3.1 Experiment Results by a Modified Gloss Immobilization Solids Tester
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Table 4. Experimental Data Obtained by the Modified Gloss IMS Tester.

Coetirg Initial Last Timre to Rapid Drop Inrohilization Sdids
Caer Qoss | Gloss Puint (mir‘sec) %) Test Conditions
) (®» Mean and variation Mean and variation
A %%2 ggg {g% mean 1:39 ;§$ rrean 78.87 » Fritted filter treatment for even
@571] 518 1:40 variation 20% | 7886 variation 0.1% absorption in each Test
@570 552 1:35 7823 Maintain the same structure,

B [ @608 599 |137  mean 1:40 7855 mean 7833
@584| 571 |[1:48  varation 80% | 7821  variation 0.3%

moisture, and temperature

@ 55.9 545 202 7796 1. Washing with fresh water each time
C |@559| 52 154 mean 156 7793  mean 77.70 2. Drying in 105C(220° Foven
®55.0| 537 152 variation 52% | 77.22  variation 0.6% for 10 min.
D590 549 1:30 7883 3. Cooling with compressed air
D | @595 5.1 129  mean 1:30 7840 mean 7848 for 1 min
@587] 537 {131 variation 1.1% | 7820  variation 0.4% ) ’ )
@58.6 525 135 7840 4. Drying under vacuum for 2 min.

E |®573] 517 |139 nen 13 7866  mean 78.56

%ggg gég %g variation 3.1% 7322 variation 0.2%  |» Room Temperature : 21° C(70° F)
] . : 8.

F |@®595| 552 |258  mean 249 7865 mean 7863 .

®595| 6.1 | 244  variation 5.3% | 7869  variation 019 | Microwave oven for immobilization

@604 566 |55 7847 solids measurement : Mark2
G | @605 570 |533 1mean529 7822 mean 78.43 Standard, Omnimark Co.
@609 554 |528  varatin 12% | 7860 variation 0.3%
@ 55.6 51.2 10:44 77.17 » Gloss Meter : Gardner
H |@®%8] 510 11:33  mean 1056 7722  mean T1.19 Glossgard- 60° , Pacific

@564 531 (1030 varatin56% | 7720  variation 0.03%

Scientific Co.

Varigtions of Measurements 1.1-8.0 % 0.03-0.6 %

Table 5. IMS Points and Times to Immobilization Obtained by the Modified Gloss IMS Tester.

Coating Color IMS(%) Time to IMS (Min:Sec)
A 78.87 1:39
B 78.33 1:40
C 77.70 1:56
D 78.48 1:30
E 78.56 1:36
F 78.63 2:49
G 78.43 5:29
H 77.19 10:56
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Figure 3. Comparison of Immobilization Solids.
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Figure 4. Comparison of the Times to Immobilization.

3.2 Experimental Results by an AA—GWR Water Retention Tester
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Figure 5. The Water Retention Values of Coatings.
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(APc :capillary pressure drop, y : surface tension, 6 : contact angle, r : pore radius)

average surface tension®] <F 45 dynes/cm, contact angle 0, pore radius 0.25%
B capillary pressures &3 #o] ALtdEd.

APc = 2x45x1 dynes/cm/(0.25x10'4 cm) = 3.6x10° dynes/cm’ = 3.6 bar = 360 kPa = 52.2 psi
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Figure 6. Drainage Rate Curves by AA—GWR Water Retention Meter.

Table 6. Comparison of IMS Points Obtained by the Gloss IMS Tester and AA-GWR Water

Retention Meter.

Coating Color Gloiﬁdsl‘)(rqgl)) Blyetho d AAH-WS\(N%}JQ) lel)(;tho 4 Differences(%Solids)
A 78.87 79.92 1.06
78.33 78.40 0.07
Cc 77.70 77.79 0.09
D 78.48 78.73 0.25
E 7856 78.16 0.40
H 77.19 77.51 0.32
Mean of the Solids Differences between the IMS Points Obtained by Two Methods = 0.36%
(Standard Deviation of the Differences = 0.36)
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3.3 Recommendations for Measuring the Immobilization Solids Using an AA—GWR
Water Retention Meter
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3.4 The Effect of Thickener/Water Retention Additives on Paper and Printing
Properties

Table 7.& CLC(Cylindrical Laboratory Coater) Bl|2E ZAxolt}, z¥za C
A% (3,570cps)Z Q& coating spitd} skip WAL Z EX FESF 15 g/m’ & QL 4
Aot 29 F BEL TAPPI standard 279 AWM 24X BB F AACY 3o W
AEY 2 AAB¥YE AR 2 BAE, (AT vt 2ol 287 72/t &S
5 wWxgeo] E1[17], (2)thickener A(associative synthetic thickener)7}
thickener B, C(non—associative synthetic thickener)® o} roughness®} porosityE ¥ °I
I WA geo] dor JAMARE Fel= EFBIYTE (3)CMCE wWigd Z¥Z A E,
CMC %ol wet et $271 RolAA WA FEaG AR Y8 JFe el
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Table 7. Paper and Printing Properties.

A B C D E F G H
CGlendered | Roughness 151 151 | - 131 126 1.35| 142 | 157
Paper Porosity 1% | 18| - 173 | 173 157 | 149 | 144
Properties | Paper Qoss7° (%9 | 5 | 730 - 765 5] 720 | 680 | 650
Prirt Qoss75° (%) | 88 87 - 88 &9 18] 82 &
Printing | 2Q0ss75° (%) 125 | 140 | - 115 125 | 170 | 130 | 170
Properties | Groda Stain Mottle 2 2 - 5 5 5 4 2
Mottle/STD 76/14 | 81/12| - 67/6 | 6510| 61/101 69111 7911
Base Paper: 8gsm

Coater: QUCBO00, 4300fpm( 1300mpm), 15gsmyside

Cdendering Conditions: 60°C, 3nips, 900pki(160.7Kg/an by Soft~Nip Calender
Test Printability Tester: Japanese Rl Tester

Conditiors | Parker Print—Surf Tester for Roughness and Parosity

(Qoss Meter: Hunter75°

Visual Mottle Ranking for Groda—Stained Sanples: 1{Worst) and 5(Best)

Mottle Test far Groda—Stained Samrples: Tobias MIT Mottle Tester
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