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The Question

Hi Dan,

I need your mathematical ratio of new acid mixture.

I made so call Edinburgh Etch.  This is new type of acid to etch the copper plates.  This Edinburgh Etch is made from 6 Liters ferric chloride solution, 1.2 Liters tap water and 400 g citric powder.  This is the Basic Edinburgh Etch Formula.

I made different type of formula which is called Self-Texturing Edinburgh Etch that I supposed to make irregular texture on the copper plate but did not work well and I did not like it.  So, I want to make the Basic Edinburgh Etch out of the Self-Texturing Edinburgh Etch I already made so that I won't to waste it.

Self-Texturing Edinburgh Etch contains 40% of the Basic Edinburgh Etch Formula that formula shows above plus 60% of ferric chloride solution.  

How much water and acidic powder should I add to this Self-Texturing Edinburgh Etch to make the Basic Edinburgh Etch?

I am not good at liquid. 

-- Alone in the Atelier
The Quick Answer for the Impatient

Caveat: These results are not yet empirically tested. Make a small initial batch and test it to assure the strength and performance you expect.

To make Basic Edinburgh Etch, 


To one liter of Self-Texturing Edinburgh Etch,




Add 0.12 liter of water


and
Add 40 grams of Citric Powder.

Restatement of the problem

Let’s introduce some abbreviations to facilitate the discussion.

BEE = Basic Edinburgh Etch

STEE = Self-Texturing Edinburgh Etch

FC = Ferric Chloride (FeCl3)

W = Water

CP = Citric Powder

OI = Other ingredients (other than FC)

QBCI = Quantity By Contribution of Ingredients (discussed further below)

We have two recipes, one for BEE and one for STEE. The recipe for BEE provides these quantities of the ingredients:

6 L FC

1.2 L W

400 g CP

The recipe for STEE uses BEE as a subpreparation:

40% BEE

60% FC

We don’t know how these ingredients behave when combined. If we mix 6 L of FC and 1.2 L of water and 400 g of CP, how much liquid do we get? If chemicals react with each other, we may get less, or more, than the apparent sum of the parts. We don’t know the volumes in this problem.

We assume the recipe for STEE combines the ingredients by volume (an inquiry with the questioner confirmed they indeed intend these percents as volumes).

We do know the quantities of ingredients contributed to the mix, however, even though we don’t know the quantities of the resulting BEE and STEE. We represent this notion as QBCI (Quantity By Contribution of Ingredients). This representation critically enables our solution.

Because we know the QBCI, we know the ratios of the different ingredients to each other. In these ratios lies another critical component of the solution.

Given the unknowns, we assume the OI, when combined with FC, have a larger quantity than the initial FC alone. And we may have allowed an implicit assumption to creep in that the ingredients are inert with respect to each other and do not combine chemically and do not change their aggregate volumes. However, we believe these assumptions unnecessary to the solution.

Caveat

Because we make various assumptions to facilitate a solution, and because this solution is entirely theoretical, the reader should initially prepare a small initial batch and test its adequacy and performance before relying on the formula.

The Answer with Volume Assumptions

If we explicitly assume (caution!) the ingredients don’t combine with each other and that 400 g of Citric Powder mixed in adds 0.4 L to the mix, etc., then we know the volumes. The computation is straightforward.

Adding 6 L of FC, 1.2 L of W and 400 g of CP, we get 7.6 L of BEE. 

1 L of BEE in these proportions contains 
0.789474 L of FC, 0.157895 L of W and 52.6316 g of CP. 

This being 40% of STEE, and the other 60% being 11.4 L of FC, we know that our batch of 19 L of STEE contains 17.4 L of FC, 1.2 L of W and 400 g of CP. 

1 L of STEE in these proportions contains 
0.915789 L of FC, .063158 L of W and 21.0526 g of CP.

BEE containing 0.915789 L of FC would require 0.183158 (=0.157895*(0.915789/0.789474)) L of W, so we would add 0.12 (=0.183158-0.063158) L of W to our liter of STEE. Also, we would add 40 (=52.6316*(0.915789/0.789474)-21.0526) g of CP.

The Answer without Volume Assumptions

But what if we can’t assume fixed volumes of inert ingredients and the rest?

Just as a cook rarely measures the quantity of the soup, having measured the ingredients, we can solve this problem without knowing the volumes, using only the QBCI (Quantity by Contribution of Ingredients).

Let’s suppose we have some volume of BEE, consisting of m L of FC and x L of OI (other ingredients, whatever that may be). 

Then we have 


m/(m+x)


for the proportion of FC and

x/(m+x)

for the proportion of OI in BEE, QBCI.

And for the FC in a unit volume of STEE, we have


(m/(m+x))*(2/5) + (3/5)

A quantity of BEE that contains the same amount of FC as a unit volume of STEE will have a larger QBCI of FC than the m/(m+x) in a unit volume of BEE. We must enlarge the unit quantity of BEE by the factor

[(m/(m+x))*(2/5) + (3/5)] / [m/(m+x)]

which will have more convenience in subsequent calculations when simplified as

[2m + 3(m+x)] / (5m)

The OI increase in the same proportion when we enlarge the unit quantity of BEE, so we represent the enlarged quantity of OI as 

{[2m + 3(m+x)] / (5m)} * [x/(m+x)]

We add ingredients to the batch of STEE to make up the difference, and we measure that difference as

{[2m + 3(m+x)]x / [5m(m+x)]} – (2/5)*[x/(m+x)]

which simplifies to 

(3/5) * (x/m)

Conveniently, the fraction x/m gives the ratio of OI to FC in BEE. We know this ratio for water is 0.2 (=1.2/6.0) and for CP is 66.6667 (=400/6.0).

Substituting these known ratios, we find we must add 0.12 (=(3/5)*0.2) L of water and 40 (=(3/5)*66.6667) g of CP to turn a liter of STEE into BEE.
-- end -- [1099 words]
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