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Test

Specifications

Result

(A)

Liquid Paint Properties :-

1)

Supply Viscosity 

35 

±

 5 Sec by Ford Cup 

B4 at 30

°

C.

 32  Sec.

2)

Wt/10 Ltr.

9.50 

±

 3% Kgs

9.45 kgs

3)

% Solids 

28 

±

 3 % at @ 105

°

C/3 

Hrs.

27.50%

4)

% Thinner intake

100

±

 20 % by Vol.

100 % by  vol.

5)

Hegman  Gauge

</=35µ

30µ

6)

Recommended Thinner

1000053

Satisfactory

7) 

Color / Shade

Black

Black

8) 

Drying characteristics 

Surface dry :- 10 Min

Satisfactory

Tack free    :- 30 Min

Satisfactory

Hard dry     :- 18  Hrs.

Satisfactory

9)

Application Viscosity

16 

±

 2 Sec by FCB4 @ 

30

°

C.

15 Sec.

(B)

Dry Film Properties :-

10) 

Finish

Smooth & Matt

Satisfactory

11) 

Adhesion on glass

2 x 2x 10mm, Should pass 

0/100 with Panfix 

Adhesive Cellotape.

Passes 0/100.

12)

Dry Film Resistivity

1500 

±

5 00  K 

€

s at 2.5 

Inches apart.

1350-1500 K 

€

.

13)

Recommended DFT

16 

±

 2 

15 µ
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Development of conductive coated polyester film as RPC electrodes using screen printing
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Each of the three 16 kton ICAL detector modules at the India based Neutrino Observatory (INO) will use RPCs as the active element, sandwiched between 6 cm thick soft iron plates, for measurements on atmospheric neutrinos. The electrodes of the RPC are float glass sheets having a volume resistivity of about 1012 - 1013 Ω cm (at room temperature) covered with carbon/graphite or a conductive paint with a surface resistivity of ~800 KΩ/ square to 1 MΩ /square to apply high voltage on the glass surface, so that this surface does not shield the discharge signal from the external pickup plates and is small compared to the resistivity of the glass to provide a uniform potential across the entire surface.





We initially coated the surface with locally available graphite powder, mixed with lacquer and thinner, and were able to get a few hundred kΩ / square resistivity. However we observed a drastic reduction in surface resistivity with time and it came unstuck from the glass. Subsequently a conductive paint developed by Kansai-Nerolac was used. This paint uses modified acrylic resin as binder, conductive black pigment and solvents which include aromatic hydrocarbons and alcohols. At room temperature the surface dries in 10 minutes while complete drying takes ~18 hours. The spraying is done at a pressure of 4 kg/cm2 with the glass plate kept at a distance of 8-10 inches. Using this paint we are able to achieve the required resistance of ~ few hundred KΩ / square. 





We still need to study the long term stability and best curing method. We need to automate the procedure to get a uniform coat and to coat a large number of glasses for the final detector. While robotic systems are available abroad costing about 50 lakh rupees, we are exploring other alternatives. In particular, we are in the process of developing a polyester film, with a conductive coating on one side, which can be glued on to the glass. The coating was done using on a local commercial screen printing machine (Grafica Flextronica, Vasai, India) using the screen printing ink viz. CARBO PASTE DC-1000M and DC-20 (Dozen Tech, Korea). A surface resistivity of a few hundred kilo Ω /square was obtained on a 100 mm thick polyester sheet of dimension 0.7 M X 1.2 M. Curing was done for ~30 mins at 150° C. We are planning to test this film on a glass RPC very soon.








Aim  : To get Dry Film resistivity of about a MΩ per square on a float glass of 3mm thick.


I. Spray Painting with conductive paint on Glass 


II. Screen printing on a PET sheet / Glass with carbon paste





I. Spray Painting with conductive paint on Glass :


Initial Stage: In the beginning, we started painting the glass with the proportions of Graphite: 3.5 gm, Duco-lacquer: 25 gm and Duco-Thinner: 40 ml. We made few RPC’s. and tested them. This mixture had the problem of adhesiveness to the glass and the resistance detoriated with time.





�





Before any glass is painted the cleaning  procedures  are followed:


1 Glass cleaning  is first done using ethyl-alcohol then with Distilled water and  then apply Labolin , wait for 5 minutes, then clean throughly with Distilled water. 


2. Glass Support for painting : Packing one side of the glass with thermo Cole for support and handling.


3. Preparation for painting:


 a) Paint used  is developed by Kansai NEROLAC, It is a one component paint air drying cum forced drying quality designed to impart conductivity on substrate like glass. The composition of paint comprises namely Binder (acrylic resin), Pigments (conductive black), and solvents (Aromatic hydrocarbons and alcohols).








Features of the Paint


�


Application Method :- Glass Substrate-----> IPA wipe----> Conductive Coating for Glass  @ 16±2 Sec  


 Viscosity by FCB4 & 16 ± 2µ DFT------> Air Dry for O/N------> Testing. 





4. Painting :


The pressure set on the gun, nozzle size, distance between the gun and the object/glass play a very important role in achieving the required resistivity on glass while  painting 


The gun used is Devilbiss, having nozzle size of 1.3mm/1.6mm with pressure set to 4Kg/cm2 and the glass is placed at a distance of 8 to 10 inches. Several glass of different sizes were painted.


The following table shows the variation in resistance with respect to the intake thinner on a glass of 1M X 1M with thickness of 3mm


.Percentage of thinner�
R1 (MΩ)�
R2 (MΩ)�
R3 (MΩ)�
Average�
�
0�
20.5�
24.7�
22.6�
22.6�
�
30�
11.5�
8.2�
10.6�
10.1�
�
50�
4�
4.5�
3.8�
4.1�
�
80�
2.1�
2.3�
2.5�
2.3�
�
100�
1.3�
1.1�
1.3�
1.2�
�
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Fig.2
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Fig.3
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Fig.4


Variation in resistance with time :Typical glass palate (GAB009) Y-plane measurements


�


Fig.5





It is seen from the above , by using appropriate quantity of thinner the required resistance of about 1 MΩ can be obtained and the variation in resistance is due to the manual painting. So ,Automization of Painting is a must to get uniform coating (DFT). Fast and precise coating robots are readily available in market having amazingly high precision of 5 to 0.05mm (Position repeatability, compact and light weight with six axis control. But, Very expensive and we are in a process of developing a automated machine using simple servo motor. A typical one shown below controlled is being worked out.


�


Fig.6





II Screen printing technique to get required resistance :


The other solution for getting resistance on the RPC electrode would be to do screen printing (which has several advantages over spray painting) on the glass itself or screen paint on a PET sheet and then glue to on to the glass. This was tried at Grafica Flextronica (Training Institute), Vasai, Mumbai (manufacturers of Screen Printing/UV and IR curing machines & allied products) 








�


Fig.7


Screen Paint on polyester (PET) film: 


The two main difference in Screen printing ink and spray painting paint are the high viscosity (350 ~400 centipoises) and high drying time, else the ink would dry out on the screen mess before it is transferred to the substrate. 


Two tins of carbon paste suitable for Screen printing were taken to Grafica Flextronica, having the following specifications


Make	:DOZEN Tech, Korea 


Technical name 	:Carbon HEAT 


1. DC-20, Net weight 	:1Kg, [ 20 W]


2. DC-1000M, Net weight :2Kg,[100 W]


This type of ink is used in key board contacts, jumper circuit and carbon through hole. It has good reliability of conductive film, high wear resistance, high adhesion and solder resist. Its viscosity at 25 0 C is 350 ~400 Ps and needs IR curing.





The following was tried out by mixing the above inks with different ratio’s on a screen printing machine [1.2 M X 0.7M] on a small 1’ X 1’ PET sheets and the screen printing mess used was of 77 threads/centimeters.





�











Note: The above reading were made after only one pass in an fully automated IR Dryer (having accelerated drying through high velocity air, not only heat)  and the resistance was measured immediately.





After some trails a 20%:80% mixture was found to give   a resistance of 5-10 MΩ/square which reduced to 1 to 1.5 MΩ/square after 5 passes at 6meters /min at about 670 C in the IR drying machine. 


Latter 2 pieces of about 29” X 36” polyester film was coated.


The following were the results obtained and measured.


It was observe that, there is drop in resistance from few mega ohms to few kilo ohms, which may be due to curing (we noted latter that the curing condition required is 150 0 C, 30 minutes.) We also need to achieve proper DFT to get the required surface resistivity of about 1 M ohm and also we need to check weather we can use the same paint can be used to paint directly on a glass sheet. Also we need to properly fine tune the required DFT of few microns and proper curing techniques.


Next subsequent visit to Graphica, we painted few glasses of about (a) 1ft X 1ft using some percentage of solvent,14% of DC20 and 86% of DC1000M and these were cured in heat furnace at  150 0 C for about 45 minutes. We found that these glasses the coating was very uniform and the adhesiveness of the ink to the glass was extremely good.


(b)Several 1meter X 1 meter glasses with different variation in the combination was painted. Curing for these glasses is yet to be done and checked. 





 References:


� HYPERLINK "http://www.graficaindia.com" ��http://www.graficaindia.com�


� HYPERLINK "http://www.nerolac.com" ��http://www.nerolac.com�
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