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METAL-ETCH 50

PRODUCT DESCRIPTION

Metal-Etch 50 is an ammoniacal etchant designed for use in the volume manufacture of printed wire boards.  The ammoniacal etchant has been formulated to be fully compatible with all the latest process equipment and techniques available today.  Manufactured under strict Quality Control guidelines the Metal-Etch 50 offers the printed wire board manufacturer a fast, safe and economical method for copper etching of printed wire boards.  When used in conjunction with the C.S.C. Automatic Density Controller, and good pH control, the Metal-Etch 50  will yield etch rates up to 50 microns per minute at 50oC and exhibit excellent undercut characteristics.

Properities

Metal-Etch Starter Solution

Metal Etch 50 Replenisher Solution

Physical

Liquid Aqueous Alkaline Solution

Liquid Aqueous Alkaline Solution

Odour

Strongly Ammoniacal

Strongly Ammoniacal

Appearance

Dark Blue

Clear/Slight Blue

Copper Content

135-150g/l

Less than 1 g/l

pH at 20oC

8.20 - 8.60

9.80 - 10.10

pH at 25oC

8.15 - 8.55

9.65 - 9.95

Alkalinity (Molarity)

--

5.4 - 6.4

Alkalinity (g/l 58% NH4OH)

--

300 - 360

Ammonium Chloride

275 - 285

235 - 245

Minimum Storage Temperature

5oC

10oC

S.G. at 25oC

1.19 - 1.22

1.02 - 1.04

Baumé at 25oC

23.0 - 26.5

4.00 - 4.50

SYSTEM INSTALLATION RECOMMENDATION

Metal-Etch 50 ammoniacal chemistry is designed for use in all processes where single part chemistry is used.  The spray module should be fitted with suitable temperature control regulators, extraction control points and two or three stage anti-pollution module, sited after the main etchant-station.  The extraction points should be fitted with damper valves to control extraction and avoid excessive loss of ammonia during production.  This would result in a loss of ammonia/pH and give fluctuations in etching speed and under-cut protection.

The function of the anti-pollution module is to provide correct rinsing of the copper salt residues from the etched circuit boards and to reduce copper drag over into subsequent water rinse stations.

SOLUTION OPERATING PARAMETERS

pH at 25oC

8.0 - 8.8

Denisty at 25oC

1.20 - 1.23

Baumé at 25oC

24.0 - 27.0

Temperature Range

45o - 55oC

Etch Rate 50oC

50 microns per minute

Copper

147 - 170 g/litre

Alkalinity (Molarity)

5.0 - 6.0

Alkalinity (58% NH4OH)

280 – 340

OPERATION
1) 	The Metal-Etch 50 ammoniacal chemistry has been designed to give a stable etch rate of approximately 	50 microns per minute at normal operating conditions, however, variables, such   as spray-pressure,temperature and extraction also have an influence on the etchant rate and must be monitored.

2) 	On entering the etchant chamber the copper is gradually dissolved into solution this raising the working solutions density  (Baumé) and this combined with extraction causes the pH to fall.

3)	When the solution density reaches the pre-set upper limit, the float arm and sensor activates the replenisher pumps and fresh replenisher is then automatically pumped into the etchant chamber reducing the density  until a point is reached where the float arm falls and contact with the sensor is broken, causing the replenishment to cease.

4)	At the same time as fresh replenisher is being pumped into the system, spent etchant is also removed, 	maintaining a balanced solution level in the etching chamber.

5)	As each drum of replenisher is used, a new drum of spent etchant is created; this should be correctly sealed, labelled and stored for collection by CENTURION SPECIALITY CHEMICALS LTD.

6)	After ammoniacal etching, suitable water rinsing should be available to avoid drag-in  of any copper residues  to  the following tin-lead conditioning operation.  If drag-in does occur, a decrease in activity of 	the tin-lead conditioner will occur and the life span of the bath will be affected.

7)	For suitable conditioning chemistry for the above operation, please refer to the Centurion Speciality Chemicals range of Solder Conditioners available.


pH CONTROL
Maintain pH between 8.0 - 8.8  N.B.A reduction in pH of 0.4 units with all other parameters constant will reduce undercut by approximately 30%. The pH can be reduced by increasing the extraction rate which in turn causes an increase in the active salt concentration causing the pH reading to fall. By decreasing the extraction rate the pH will rise.

It is important to ensure correct control of pH an accurate pH meter and correct calibration procedures are essential.


OPERATION INSTRUCTIONS AND START UP PROCEDURES

1)	Ensure the etchant module has been properly cleaned, rinsed and dried.
2)	Fill the etchant module sump to the required level with Metal-Etch Starter Solution.

3)	Fill the anti-pollution un.it to the required level with Metal-Etch 50 Replenisher Solution.

4)	Turn on the heating supply and bring the solution temperature to the working level (50oC).

5)	Ensure extraction unit is switched on and the vents are slightly open to prevent localised ammonia fumes

6)	When the solution has reached the operating temperature, switch on the C.S.C. Control unit and set the 	float arm to the desired density level. (See the C.S.C. Density Controller Set Up Procedure).  At this point the controller should be left in automatic mode.

7)	Ensure the water rinse valves are open and working.

8)	Start conveyor and check speed setting for optimum etchant speed and undercut control.

9)  	When production ends, ensure all pumps, heaters and extraction units are OFF to avoid pH loss 	overnight or during weekend shut-down.


DENSITY CONTROLLER SET-UP PROCEDURE

With the Metal-Etch Starter Solution in place and the solution at the optimum temperature the density controller is set up as follows:-

1)	Two or three weighted discs are located on the float arm of the controller, the spray pumps for the etchant chamber should be switched on and the weighted discs moved to a position of neutral buoyancy i.e. moving the discs away from the pivot of the float arm will increase the effective weight of the float arm and in turn increase the copper level maintained in the working solution.  By moving the weights towards the pivot, the reverse is true, hence reducing the density and copper concentration.

2)	Once the desired position for the weights have been found, they should be locked together.

3)	The solution density at this point should  be checked manually with the hydrometer to ascertain that the correct density level has been achieved.

4)	The density controller should now be placed in automatic mode.

NOTES: The above unit when set up correctly will hold the copper level in the working bath with a 4-8 g/l accuracy between 120-170 g/l.  Periodic cleaning of the mini-console probe and pivot-point is advised to avoid salt build-up and possible malfunction of the unit.







SAFETY

Suitable ventilation should be available in and around the etching area as strong ammonia odour is released when the solution is agitated.

Avoid contact with skin and eyes and inhalation of the vapour. Both Metal-Etch Starter and Replenisher Solution are harmful if swallowed. Suitable protective clothing and eye protection should be worn.  If contact or spillage should occur, wash the affected area immediately with copious amounts of cold water and seek medical attention if required, especially if the eyes have been splashed.

For further information, please see the Health and Safety Data Sheet.


MATERIAL COMPATIBILITY

Metal-Etch Stater Solution and Metal-Etch 50 Replenisher Solution are compatible with most common  materials used in present etching equipment such as P.V.C., P.V.D.C., Titanium, Teflon, Tygon and Glass.  Polyethylene and polypropylene can also be used. If in doubt, then please contact your local Centurion Speciality Chemicals representitive.
                                                                          
METHOD OF DISPOSAL

All spent ammoniacal solution must be returned to Centurion Speciality Chemicals. All relevant shipping documents should be completed and the drums correctly sealed and labelled with the labels provided by Centurion. If the drums are not sealed and labelled correctly, Centurion Speciality Chemicals and/or their appointed transport company, may refuse to collect/remove the spent material. All drums returned to Centurion Speciality Chemicals must contain spent  ammoniacal etchant, and nothing else.


PACKAGING AND STORAGE

Available in 60 litre and 210 litre drums, 1000 litre I.B.Cs and 20,000 litre bulk tankers.

The product can be stored for up to twelve months from date of manufacture, in the original containers, away from direct sunlight and at a temperature between 10o and 30oC. Avoid contact with reducing agents during storage.


WARRANTY

The information given in this data sheet is believed to be true and accurate,  but users are advised that they are responsible for any loss, direct or indirect, related to the use of, or information supplied about, the product as Centurion Speciality Chemicals Ltd. are not in direct control of the product during in use.

Full Terms and Conditions of Sale are available on request.
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COMPARATIVE DATA
STARTER/METAL-ETCH 50/FINE LINE METAL-ETCH



PRODUCT

pH at 20oC

pH at 25oC

Density at 25oC

Copper g/l

Amm.
Chloride
g/l

Alkalinity
molarity 

Alkalinity
58%NH4OH

Min. Storage
Temp.

Etch Rate at 50oC


Metal-Etch Starter Solution



8.2-8.6


8.15-8.55


SG 1.19-1.22
Bé 23.0-26.5


135-150


275-285








5oC


--


Metal-Etch 50 
Replenisher



9.8 -10.10


9.65-9.95


SG 1.02-1.04
Bé 4.0-4.5


Less than 1.0


235-245


5.4-6.4


300-360


10oC


--


Metal-Etch 50 in Operation 



--


8.0-8.8


SG 1.20-1.23
Bé 24.0-27.0


147-170


265-305


5.0-6.0


280-340


--


50 microns per min
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Centurion
 Speciality Chemicals Limited
Trouble Shooting Guide for "Metal Etch 50"

Problem
NO 1

LOW ETCH RATE
pH low/less than 8.0

Causes





Correction





Operating spec.

Notes

1)   Over ventilation
2)   Excessive idle time; solution held at operating tempeature with no work and/or sprays        during idle time.
3)   Etchant too hot (above 50oC).
4)   Inadequate replenishment due to defective replenisher system or empty drum.

1)   Reduce ventilation.
2)   Allow boards to accumulate and etch larger batches.  Turn off sprays and heat when          not etching.
3)   Check etchant temperature.  Check cooling coil, thermostat, etc.
4)   Check density control console and pump.  Change drum.

pH 8.0 - 8.8 (25oC)

It is important that the pH meter and electrodes can be accurate and standardised before use.  Buffer the pH meter with pH 7.0 buffer and cross-check with pH 10.0 buffer.  Good undercut protect is obtained with Metal-Etch 50 throughout the specified range 8.0-8.8 pH, however, reducing pH to 8.2 will further reduce undercut.



Problem
NO 2

LOW ETCH RATE
pH high/greater than 8.8

Causes





Correction






Operating spec.

Notes

1)   Too much copper in etchant. Copper concentration should match available halide          (ammonium chloride).
2)  Water in etchant, from leaking cooling coil, backflow from vent system or from hosing        down to clean machine.
3)   Under ventilation.

1)   Adjust density controller to reduce copper level to match halide.  Titrate to check          halide content.  (1g per litre ammonium chloride will theoretically hold          approximately 0.591 g/l of copper).

2)   Check for water leaks, backflow, condensation.  Correct/fit water traps as required.
3)   Increase ventilation.

pH 8.0 - 8.8 (25oC).  Halide content 260-305 g/l (ammonium chloride).

It is important that the pH meter and electrodes can be accurate and standardised before use.  Buffer the pH meter with pH 7.0 buffer and cross-check with pH 10.0 buffer.  Good etch rates are obtained with Metal-Etch 50 throughout the specified range 8.0-8.8 pH, however, the higher figure 8.8 pH will give increased etch rate, providing the solution is in balance regarding copper concentration and halide.  Water contamination will give a "milky" appearance to the normally dark blue etching solution.  Water contamination will increasingly increase pH as ammonia is released but pH will later fall and "sludging" will result if water contamination is heavy.
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Problem
NO 3

LOW ETCH RATE
pH with specification

Causes





Correction






Notes

1)   Oxygen/air starvation caused by airtight etching chamber or under ventilation.
2)   Contamination etchant from surfactant drag-in or via vent system.
3)   Too much electroplated copper or heavier copper laminate i.e. 2 oz mistakenly  used          for 1oz work.
4)   Heavily oxidised boards.

1)   Increase ventilation and/or add air sparger (clean, dry air).
2)   Remove etchant,  clean out machine, re-start machine with fresh solution after         eliminating source of contamination.
3)   Check copper plating and copper laminate thickness.
4)   Isolate and remove cause of oxodisation and/or chemically clean boards prior to         etching. Boards must be dry.

Also check for blocked or dirty jets.
Check and clean machine filters.
Check adequate pressure (18-22 psi 1.3 - 1.6 Bar).
Ensure plating resists fully removed.
Check temperature, low temperature will dramatically reduce etch rate.  Optimum 49oC.


Problem
NO 4

EXCESSIVE UNDERCUT

Causes



Correction


Notes

1)   pH too high, above 8.8.
2)   Contaminated copper surface causing uneven etching i.e. boards are over etched to             clear all areas.

1)   Reduce pH (see page 15).
2)   Clean boards, locate and correct cause of contamination.

To avoid excess undercut also check if etchant temperature is not too high. Higher temperatures etchant agression.  Aways etch at the highest possible conveyor speed.  Density is not normally a critical factor when considering undercuts but reduced undercuts are achieved in the range 25o - 27o Baumé.

Problem
NO 5

TIN-LEAD STAINING OR DARKENING

Causes


Correction


Notes

1)   pH too high, above 8.8.
2)   Lead content too high.

1)  Reduce pH (see page 15).
2)  Check tin/lead plating process.

This problem can also reduce the active life of tin-lead conditioner/brightener as requires longer exposure and/or higher temperatures in the condition to return the tin-lead to a silver white colour and neutral finish.
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Problem
NO 6

SLUDGING OF ETCHANT

Causes


Correction

1)   Low pH less than 8.0.
2)   High pH greater than 8.8.

1)   This is an extreme case of "Low Etch Rate - pH Low" as set on on page 15.                     Manually replace with Metal -Etch Replenisher to raise specification.
or   Add aqueous ammonia in small increments to correct. (Aqueous ammonia should                only be used in minimal amounts as the water content may cause an imbalance of               halide).
or   Clean out etcher and re-start with highspeed Metal-Etch Starter Solution after                 isolating cause of the low pH.
2)   This is an extreme case of "Low Etch Rate pH" as set out on page 15.  Check for             high density/low halide and reduce density accordingly. If this is not the cause, re-              start the machine using Metal-Etch Starter Solution after isolating the cause of the          high pH.


General



Density

General Notes

Operating Specification 24o - 27o Baumé (120 - 123 S.G.) measured at 25oC

1)   These figures for high density and high copper concentrations are achievable                        provided sufficient halide (ammonium chloride) is available.  Density may have to be          reduced should halide or ammonia levels be low. If work load is intermittent, density          can be reduced via the density control console (move weight wheel(s) towards the               pivot) to increase the replenishment rate and thus increase the ammonia (pH) level.            As a general rule a reduction in density (copper concentration) will cure many etching          problems in the  short term but it is then necessary to understand the original cause of        the problem and rectify.

2)   Accidental over-replenishment will cause a loss of halide (ammonium chloride) and            density will have to be reduced to maintain etch rate.

3)   If density control equipment and replenisher spent pumps are not maintained in good         order, etchant condition will suffer.

4)   Replenisher solutions must be stored above 10oC otherwise crystallisation/separation          will occur. Should product become accidentally chilled it should be stored in a warm          area and agitated by drum rolling or pumping to pumping to put the product back                into solution. It takes longer to put the etchant back into solution than it does to                   separate,  please store correctly.

5)   Sealed and unopened drums can be stored over an extended period.

6)   The technical data sheet Metal-Etch 50 (no.01/01) gives more detail of operating                specification.
The Health and Safety data sheet Metal-Etch 50 provides all necessary Health and Safety information.
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	USEFUL CONVERSIONS


Baumé

S.G.

° Centigrade

° Fahrenheit

22.0

1.180

43

109

22.5

1.185

44

111

23.0

1.190

45

113

23.5

1.195

46

115

24.0

1.200

47

117

24.5

1.205

48

118

25.0

1.205

49

120

25.5

1.210

50

122

26.0

1.215

51

124

26.5

1.220

52

126

27.0

1.231

53

127





54

129
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General Operating Procedures
Start-Up Procedures				
1)	Ensure etchant level in machine is correct.
2)	Ensure filters and jets are clean.
3)	Ensure anti-pollution rinse module is filled to correct level. In operation the pH of the replenisher in the 	rinse(s) should not be allowed to drop below 9.3.  No etching occurs in this rinse(s) since the copper 	content (due to drag-in from etch chamber) should not rise above 14g/l.
4)	Heat etching solution to 49oC (optimum).
5)	Do not switch on density control unit until etchant has reached operating temperature.
Please note:- There is approximately 1o Baumé difference between solution at 20oC and 49oC. The higher the density at the 	lower temperature would be sensed by the controller (if it is on) and the pumps would be activated.
6)	Check density and pH solution.
7)	Commence etching and adjust conveyor speed.
Close-Down Procedures
SHORT PERIODS (30 minutes - 4 hours)
1)	Switch off spray system.
2)	Switch off ventilation and/or close dampers.
3)	Reduce temperature.
OVERNIGHT
1)	Switch off spray system.
2)	Close down all ventilation,
3)	Switch off heating.
WEEKENDS
1)	As above.
HOLIDAY CLOSE-DOWN (1-2 weeks)
1)	As above.
2)	It is recommended that etchers are thoroughly cleaned using C.S.C. Machine Cleaner 601 which is 	non-acidic, circulated through the machine followed by adequate water rinses.  Etcher should be left in 	clean, dry condition prior to re-starting with fresh Metal-Etch Starter Solution. Refer to "Start-Up 	Procedure".


Continuous Density Control System For Metal-Etch Systems 
Introduction
The C.S.C. continuous control system for alkaline etchant is designed for use with the Metal-Etch ammoniacal etching systems.  The unit works by continually monitoring the density of the etchant and frequently making accurate replenishments to the etchant in order to maintain a constant copper concentration in the etchant at all times.  The density control unit is very sensitive to changes in copper concentration and so ensures consistent etch quality.


Basic Operation
The operation of the continuous control system is based on the removal of spent etchant with the addition of replensiher controlled by monitoring the specific gravity of the etchant. When the copper concentration reaches predetermined concentration, the continuous control system automatically removes small quantities of spent etchant and replaces it with replenisher. This allows the system to be used on a continuous basis and thus gives minimal down-time for  maintenance.


Installation
In some etchers, a sample port is already available somewhere between the main pump or upper manifold pump and the upper spray manifold. This is usually either a 1/4" BSP, 3/8" BSP or 1/2" BSP fitting. If no sample port is available, we recommend that the sample be taken from the upper spray manifold using 1/4" Jaco fitting.
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Installation Continued
When a suitable port has been fitted to the spray manifold, the density control unit should be mounted in a  convenient place. The unit should be mounted above sump level as the etchant return from the unit is by gravity. Also it should be noted that the connection between the manifold and the control unit should be kept as short as possible. When the unit has been mounted, a connection should be made between the manifold sample port and the density control unit using small bore polypropylene tubing. In some cases, it is necessary to install a diaphragm valve in this line in order to control the flow rate.

The overflow from the control box is returned to the etcher sump. The etcher sump is drilled and tapped to take a 1/2" vinyl hose. There must be no kinking or sharp bends in the hose which would inhibit solution flow. The control unit is now installed. 

For normal use, the etch replenisher is added to the anti-pollution module. If no entry fitting exists on the hole just above the solution level, and thread the hole using a 1/2" BSP tap.  Using PTFE tape, install a 1/2" hose connector. This is the replenisher input connection.   If no anti-pollution module is fitted, install a hose connector as described in the above paragraph above solution level in the etch main sump at the "exit" side of the etcher.

If the etcher does not have a spent etch outlet point, install a 1/2" hose connector at the etch working level.  This should be as far away as is practically possible from the replenisher inlet in order to minimise direct loss of replenisher through this fitting. This is the spent etch outlet port.

Having installed the control unit and prepared the etcher, the dosing pump is now mounted in a convenient position and an electrical connection is made to the control unit. A suitable single phase 240 V supply is then connected to the controller. The system can now be tested by manually lifting the float in the control chamber. In AUTO mode, lifting and lowering the float should switch the pump on and off. If this does not occur, refer to the trouble shooting guide.

Run a short length of tubing from the fresh etch input connection on the etcher to one output of the dosing pump. Connect the input of this pump to the replenisher barrel. Use hose clamps throughout to secure the tubing.

Run a short length of tubing from the spent etch connection on the etcher to the other pump input. Run a length of tubing from this pump output to the empty spent etch barrel. Again, use hose clamps to secure the tubing.

Check to ensure all the tubing is secure and that all joints are sealed using PTFE tape. The installation is now complete. A diagram of a typical installation is shown on page 18.

Operating Instructions
Once the system has been correctly installed and tested on water, the etcher is drained, dried and filled with Metal-Etch Starter Solution to the working level. The solution is heated to operating temperature and the main etch pump is switched on. This will cause the float chamber on the control unit to fill with etchant. The position of the weights on the float should now be adjusted so that a position on neutral buoyancy is obtained (i.e. the float will float when lifted, and sink when pushed down). This is achieved by screwing the weights away from the pivot if the float is tending to float, or towards the pivot if the float sinks.

The unit is now calibrated and ready for operation.
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TROUBLESHOOTING GUIDE FOR DENSITY CONTROL SYSTEM

1.	ETCHANT DENSITY INCORRECT

This is normally caused by incorrect calibration of the control unit.

Check the following points:-
a)	Are the weights in the correct position on the float?
b)	Is the float sticking?
c)	Is the flow rate of the etchant through the control chamber too fast? (watch for excessive turbulence).
d)	Has the float been rotated from the vertical?

2.	UNIT WILL NOT PUMP IN AUTO MODE

This problem is usually associated with a fault in the control unit.

Check the following points:-
a)	Is the unit calibrated correctly?
b)	Is the relay pushed firmly in its socket?
c)	Is the relay faulty?
d)	Is the proximity switch screwed firmly into float?
e)	Is the proximity switch faulty?

3.	UNIT PUMPS CONTINUOUSLY IN AUTO MODE

Check the following points:-
a)	Is the unit claibrated correctly?
b)	Is the float sticking?
c)	Is the float unside down?

4.	UNIT WILL NOT PUMP IN MANUAL OR AUTO MODES

Check the following points:-
a)	Is the power supply to the unit OK?
b)	Has the fuse on the unit blown?
c)	Is the pump functional?
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Why Metal-Etch Ammoniacal Etchant?


This is intended to be a guide to the use of ammoniacal etchant for the production of printed circuit boards.  It includes a brief description of the chemistry of the etchant, and some guidelines for the trouble free use of the etchant.

Etchant Chemistry


Firstly, let us consider a list of desirable characteristics which a good etchant should possess:

1.	The process should be fast enough to be commercially acceptable.
2.	The process should be capable of running continuously, i.e. the etchant should not become exhausted with continuous use.
3.	The process should minimise undercut so that boards with fine tracks and high track densities can be produced.
4.	The process should be capable of running with conveyorised spray equipment.
5.	Above all, the process should produce CONSISTENT results and have a wide process tolerance.

Only ammoniacal etchant fulfils all of these requirements, and it is this factor which accounts for the almost universal acceptance of ammoniacal etchant within the printed circuit industry.

We shall now look a little closer at the composition of the etchants:

Metal-Etch 50 Replenisher
Contains:	AQUEOUS AMMONIA
AMMONIUM CHLORIDE
ETCH RATE ACCELERATOR
SOLDER PROTECTOR
UNDERCUT CONTROL ADDITIVE

Metal-Etch Starter Solution
Contains: 	All of the above, plus
135 - 150 g/l of COPPER

We shall now look at the actual etching reaction and how the process can work on a continuous basis.  The process of etching involves the conversion of metallic copper on the  board to a soluable form.  In chemical terms, the copper is OXIDISED to cupric ions.  The reaction proceeds in two stages as follows:

Stage 1
Cu2+ + Cuo                                    2Cu+

This stage of the process actually dissolves the copper from the printed circuit board but causes a build-up of cuprous ions in the solution.  This would eventually slow down and finally stop the etching process if it were not for stage two of the process.
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Stage 2
2Cu+  + ½O2 + H2O                    2Cu2+ + 2OH

This stage relies on the presence of atmospheric oxygen in the spray chamber to re-oxidise the cuprous ions back to cupric ions.  This means that the process overall runs in a continuous cycle and provided that the chemistry can be maintained in steady-state conditions, the etch will run indefinitely.  Before we look at the way  in which this is achieved, we shall examine the functions of the other components in the etchant and the overall chemical balance of the solution.  If you are familiar with the etching chemistry of the cupric chloride system, you will realise that the etching reactions described above are exactly the same.  In fact, the only difference between the two systems in terms of actual etching reaction is the pH at which the reaction proceeds.  Because the ammoniacal etch has a higher pH, it etches faster than cupric chloride etchants and has minimal attack on tin/lead alloys.  However, copper (II) ions are not usually soluable at high pH and so need to be complexed before they will dissolve.  This is achieved by complexing the copper with ammonium chloride and ammonia as follows:

Cu2+Cl2 + 4NH3                    Cu(NH3)4Cl2

Sufficient excess ammonia and ammonium chloride are present to act as a pH buffer to maintain pH within the range 8.0 to 8.8 and allow the dissolution of more copper from the circuit boards.  Any significant deviation from this pH range may cause the etchant to "sludge out". At the low end (below 7.8) a dark blue precipitate of copper hydroxide will form.  It also must be noted here that sufficient ammonium chloride must be present (2.2 moles per mole of copper) or a similar effect will occur.

All of these factors affect etchant performance and need to be checked on a regular basis. Analytical methods are available for etchant density, pH, ammonium chloride and copper concentration.

We shall now consider how variations in the etchant chemistry affect the various performance characteristics of the etchant, in increasing order of importance.

1)	TIN/LEAD SURFACE CORROSION
If the pH is below 8.0 or above 8.8, the tin/lead plated surface is attacked. Below pH 8, the tin component is attacked and the appearance tends to be a white, powdery surface.

Above pH 8.8, the lead component of the alloy is attacked and the appearance is a dark, smooth surface.  In both cases the consumption of Finishing Solution (solder conditioner) increase because the solution must work harder to condition the surface.

2)	ETCH RATE
When the pH falls below approximately 7.9 in an otherwise normal etchant, the etch rate decreases sharply.  The pH at which this occurs will differ from situation to situation because of the buffering effects of the ammonium chloride.  The biggest factor effecting the etch rate is the operating temperature of the etchant.  For instance, an increase in temperature from 45 to 50 degrees Centigrade will increase the etch rate by approximately 50%.  However, excessive temperatures (above 55 degrees Centigrade) will cause a rapid loss of ammonia from the etcher and cause an increase in undercut.
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3)	SLUDGING

As previously discussed, precipitation will occur due to low or high pH.  When pH falls below 9.7, a gritty, dark blue precipitation forms.  When the pH exceeds 8.8, a light blue, fluffy precipitate forms.  Some discussion is necessary on the cause of high pH.  It is very difficult to maintain the pH of an otherwise normal etchant above 8.8.  If the pH rises above this, it is usually due to the copper concentration exceeding the capacity of the chloride concentration.  If no free chloride is available to buffer the pH, the pH will rise out of normal range.

4)	UNDERCUT

Undercut is affected by the concentration of the surplus pH regulators; ammonium hydroxide and ammonium chloride.  At the surface being etched, a film of slightly soluble cuprous compounds is formed.  The direct spray pressure on the flat surface tends to move the films away more quickly than the sidewalls.  Thus, the sidewall etch rate is lower than the surface etch rate giving a high etch factor (low undercut). As the etchant chemical balance moves closer to the saturation point, undercut decreases but there is a greater difference in etch rate as solution parameters change.

To sum up then, to obtain best etch factors, the etchant must be operated at the lowest practical pH and the highest practical copper concentration.  Metal-Etch is capable of producing etch factors of 4:1
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The Replenishment  System


We shall now consider how the etchant is maintained in "steady state" conditions.  The replenishment of the etchant is controlled by the density of the etchant.  As copper is etched from the printed circuit boards, the density of the etchant increases.  This increase in density is sensed by a calibrated float which activates a replenishment system which pumps the less dense replenisher into, and the spent etchant out of the etching machine.  The gradually decreasing etchant density allows the calibrated float to move down and switch off the pump.  This cycle is repeated continuously during the etching operation.  Since the replenisher contains all of the necessary chemicals of the etchant except copper, the etchant runs on a continuous basis.

Runing the Etchant


For general running of the etchant, the C.S.C. Guide provides all the of the necessary information that is required.  Below are a few general rules for the effective use of ammoniacal etchant.

1)	Make regular checks on the pH of the etchant.  This means that upward or downward trends in pH can be detected early and rectified by adjusting ventilation or operating conditions.

2)	Do not introduce water into the system.  This reduces the density of the etchant and causes sluding problems.  Ensure that only dry boards are etched and that there are no leaks in the cooling system or spray rinses which may leak water into the etch chamber.

3)	If the machine is to be used intermittently, ensure that the pumps are switched off when no work is being processed and that etchant temperature is kept to a minimum.  Switch off ventilation whenever possible and try to process work in batches.  All these precautions help to minimise ammonia loss from the etchant.

4)	If  pH still tends to drop after taking all of the precautions in (3), the density of the etchant can be lowered by turning the weights on the float towards the pivot.  This will mean that the etchant will replenish more frequently which will tend to lift the pH.

5)	Do not be tempted to add ammonia to the solution if the pH is falling since this will also add water to the solution and will cause sludging if added on a regular basis.  If the pH if falling, try to isolate and remove the cause of the low pH problem then lower the etchant density as sedcribed in (4).

6)	If the pH rises persistently, try to increase ventilation but also suspect a water leak or high copper.  Check that the available halide (ammonium chloride) is sufficient to hold the copper present in solution.
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Analytical Procedures

Practical Analytical Methods for Control of Metal-Etch 50 and Fine Line Metal-Etch Etchant
This is inteded to be a guide to quick and simple analysis of the Metal-Etch solution. The methods used in this guide are basically the same as the methods used in the production of Metal-Etch, but wherever possible, short cuts have been taken to speed up and simplify the procedure.

pH
The apparent pH of the sample is determined potentiometrically by : pH meter, analog or digital read-out with 0.01 pH unit resolution. Electrode pair. Glass measuring and Calomel reference. Standard pH Buffers, 7.00 and 10.01 at 25oC or 20oC.

Procedure
1)	Rinse the electrodes and blot excess water. Repeat after reading every solution. After placing electrodes 	in the solution, swirl the solution for 15 seconds and take reading or adjust after 1 minute.
2)	Place electrodes in pH 7.00 Buffer, and adjust reading with the Standardize Control.
3)	Place electrodes in pH 10.01 Buffer and read value. The result should be 0.02 of the stated value.
4)	Adjust slope control to obtain the above tolerance (or the Assymetry or Temperature Control).
5)	Repeat steps 2,3, and 4 until both buffers read correctly.
6)	Place electrodes in sample at 25oC and read value. (Sample must be brought to temperature in a closed 	container to avoid ammonia losses).
Note:
Excessive drifting or failure to cross-check indicates faulty electrodes. Never wipe dry an electrode. Buffer solution deteriorates after 60 minutes in the open.

Determination of Specific Gravity in Baumé
The specific gravity of the sample is determined by hydrometer calibrated in Baumé units.
Apparatus
Hydrometer Baumé scale 0-50 is sufficiently accurate for routine analysis, but a more accurate result is obtained using Hydrometer calibrated from 0 to 30 Baumé.        A 250 ml measuring cylinder is also required.
Procedure
1)	Fill the measuring cylinder with etchant at working temperature.
2)	Immediately insert the hydrometer being careful not to drop the instrument into the measuring cylinder.
3)	Sighting along the bottom of the meniscus of the etchant, read the density of the solution to the nearest 	0.5 Baumé unit.
4)	When noting the density reading, also make a note of the temperature of the solution.

Total Alkalinity (Replenisher only)

Reagents
1N Standard hydrochloric acid.
1N Sodium hydroxide
Methyl red indicator

Procedure
1)	Pipette 50ml of 1N Hcl into a 150ml beaker.
2)	Pipette 5ml of sample into the beaker with swirling to ensure complete mixing.
3)	Add 3 drops of methyl red indicator.
4)	Titrate with 1N NaOH to a yellow endpoint.

Calculations
mls Hcl x N - mls NaOH x N = TOTAL ALKALINITY (molarity)
ml sample
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Determination of Halide Concentration
Summary
Ammonium Chloride reacts with silver nitrate in acid solution to form an insoluble salt. The course of titration is monitored with a Silver Billet electrode attached to a pH meter in the millivolt mode. Phenosafranine indicator can be used as an alternative, with a colour change from pink to blue which occurs without warning.

Reagents
0.1 N Standard silver nitrate.
10% Nitric acid.
Phenosafranine indicator.

Procedure
1)	Pipette 0.5ml of sample into a 400ml beaker.
2)	Add 150ml of water.
3)	Add 10ml of 10% HNO3.
4)	Titrate with 0.1 N AgNO3 in increments to break at 280 mv. (or blue endpoint).
5)	Record mls of titrant vs mv response to determine endpoint.

Calculations
(ml AgNO3)(NAgNO3) = Halide concentration, moles/litre
     ml sample taken
Halide concentration, moles/litre x 53.5 = Ammonium chloride concentration in g/l
                                                      
Determination of Copper
Summary
Copper reacts quantitatively with Na2EDTA in alkaline solution.  Methanol is added to sharpen the endpoint.

Reagents
0.1M Standard disodium EDTA
Methanol
PAN Indicator
pH 10 ammonium buffer    -    Dissolve 75g of ammonium chloride (reagent grade in 500ml of water).  Add 		        	      300ml of concentrated ammonia solution and dilute to 1000ml with DI   				      water.  Mix well and adjust to pH = 10.
Procedure
1)	Pipette 1ml of sample into a 250ml flask.
2)	Add 50ml of water..
3)	Add 25ml of pH 10 ammonium buffer.
4)	Add 25ml of methanol.
5)	Add 3 drops of PAN indicator.
6)	Titrate with 0.1 M Na2EDTA to a green endpoint.

Calculations
mls Na2EDTA x M x 63.5 = g/litre of Copper
             ml sample

Ammonia by Titration (working solution)

Summary
Ammonium hydroxide accounts for the alkalinity. It is determined by a standard acid titration. Copper interferes and is complexed with EDTA. 
.
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Reagents
1N Standard hydrochloric acid.
Disodium EDTA

Procedure
1)	Add 4.5g of Na2EDTA to a 250ml beaker.
2)	Add 100ml of water.
3)	From a burette add 20ml of 1.ON Hcl.
4)	Pipette 5ml of sample.
5)	 Continue titration with 1N HCl in increments to break at pH 4.7

Calculations
mls HCl x N = mol/LNH3
  ml sample
mol/LNH3 x 60.4 = g/l NH4OH is 58%


Operating Ranges
This section of the analytical methods simply lists the operating ranges for the various parameters, and the equivalent titration values than can be expected.  Figures used refer to "Metal-Etch 50".

pH Range
This must lie between 8.0 and 8.8.  A lower value will give a crystalline sludge and low etch rate.  A higher value will give a pale blue sludge. pH is primarily controlled by the amount of ventilation on the etcher. If pH is falling, reduce ventilation and vic-versa.

Density
The density of the etchant at working temperature usually falls between 22-26 degrees Baumé The harder the etchant is worked, the higher the practical maximum density. If difficulty is encountered in maintaining a stable pH by reducing ventilation, this situation can often be remedied by lowering the density of the etchant (with replenisher, NOT water).

Temperature
This should not be allowed to exceed 54 degrees centigrade, otherwise a low pH situation will occur. Unless the etcher is in constant use, the temperature is best set at 49oC or below. There is no bottom limit for the temperature, but below about 42oC, the etch speed will become unacceptably slow.

Copper Concentration
This is primarily dependant upon the solution and normally falls within the range of 130-160g/l. This corresponds to a titration value range of 20.5 to 25.2ml of 0.1N EDTA. Obviously, the higher the measured density, the higher the expected copper concentration.

Halide Concentration
Halide is necessary in the etchant to hold the copper in solution. It is therefore important that the halide concentration must match or exceed the copper concentration. Every gram of copper requires 0.0315 Moles of ammonium chloride (1.69 grams).  Or, to put it another way, every gram of ammonium chloride will support 0.591 grams of copper. Typical values lie between 4.9 to 5.7 moles per litre. (162-305g/l). This corresponds to a titration value of 24.5-29ml of silver nitrate solution.

A low Halide figure is normally caused by water leakage into the etcher. A very high copper concentration may give problems by having a higher halide requirement than is present in solution. This can rectified by reducing the density of the etchant replenisher. A low halide figure can also be a result of over replenishment, usually accidental, or excessive ammonia as a result of prolonged pH
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Twin Bellows Pump Trouble Shooting Guide


These pumps operate on a positive displacement principle. The bellows are polypropylene and generally should not be used above 50oC, as softening can occur.
The output of each bellows can be adjusted by shortening or lengthening the stroke by means of an adjustable crank assembly.
Adjustment is not normally necessary and pumps can be used as received.  Do not attempt to adjust flow by control valves; this may cause back pressure and damage the pump.
The pumps are normally self-priming, but this ability can be reduced by excessive lift, discharge head or reduce stroke.


Pump Leaks
1)	Tighten connectors - hand pressure only.
2)	'O' rings defective or missing.
3)	Valves incorrectly seating.

Pump Will Not Prime
1)	Pump leaks or leaks in pipeline.
2)	Bellows damaged.
3)	'O' rings missing.
4)	Valves dirty, damaged or reversed.
5)	Pump air locked, discharge or reversed.
6)	Stoke too short.
7)	Blockage in pipeline/pipeline trapped or crushed.

Pump Noisy
1)	Fan hitting casing.
2)	Gearing worn out.

Erratic or Low Flow
1)	Dirty valves, - clean carefully.
2)	Crank assembly
3)	Valves incorrectly seated.
4)	Connectors loose.

Motor Will Not Run
1)	Cable or connector defective.
2)	Loose connections.
3)	Motor overheating.

General
KEEP PUMPS CLEAN.
REMOVE LEAKING SOLUTION AND REPAIR CAUSE OF LEAK.
CHECK VALVES PERIODICALLY, CLEAN CAREFULLY AND REMOVE DEBRIS.
ENSURE VALVES ARE CORRECTLY SEATED AND FITTED IN THE DIRECTION OF FLOW.

