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      rate of 2 g / L of brine. (2 to 4g according to the sources). c) When the brine is still warm, around 50/60 ° C, pour it into the container and place the lid. (Warning to the thermal shock for the glass) d) Place the lid. It is preferable that a gasket be installed, but it is especially important that the hydrogen gas is released through a suitable orifice, away from any source of flame/spark (risk of explosion). e) Check that the max voltage of the power supply is at 6V max; or according to your experience for your cell apparatus. Before commissioning, it is better to set the current value to 0. This value can only be read when current flows through the cell. Do not worry, the 6V (or less) initial setting will protect you from excessive current anyway. f) Put the clamps on the electrodes or connections, (or if possible, bolt the wires to copper connectors). → Anode (+): red wire of the power supply on the electrode covered with a dark/black and rough substrate for an MMO anode, or Platinum for the lucky ones. → Cathode (-): black wire of the power supply on the titanium or stainless steel electrode. g) It is important to start the electrolysis at a temperature >40°C to prevent sodium hypochlorite (or other), to form and to release chlorine. The difference is radical, the start almost no longer feels like chlorine, compared to a cold start. h) Once started, check and adjust the current flowing through the cell. It is normal, for a good start from 3.4V +/- 0.2V then the voltage increases (your regulator adapts) during the first minutes to 4 to 4.5V. i) If the assembly is well done, putting your nose on the hydrogen outlet you will feel almost no smell of chlorine. Otherwise, you have room for improvement. The stronger the chlorine smell and the higher the voltage, the less the cell is in good conditions. In some cases, if too much chlorine is released in the first few hours, the brine will become very basic PH>9-10 and the voltage may rise to more than 5.5V between electrodes for MMOs. It is better then to cut it, because you would quickly destroy the anode, and start it again by adjusting the PH with HCl. j) In the following days, check the voltage, (the current will be constant, fixed by the module) the level of the brine that evaporates, the temperature, the connection of the clamps (heating?) and the possible degradation of the Anode. k) Add water as the liquid evaporates. Evaporation is a normal phenomenon. 10/14 l) Avoid that the crystals of chlorate poorly soluble as KClO3 reach the anode, they could scratch or hang on it and deteriorate the coating (if MMO ...) m) Once the theoretical time has elapsed to reach the end of the chlorate (see part 10 below), it must be tested to see if there is presence of perchlorate. Drop a drop of 1% methylene blue (for example) into a few milliliters of brine. If the brine remains blue: no perchlorate If the brine turns purple and forms flakes: presence of perchlorate. You can then pour back the flask test in the brine, the dye will disappear soon. 10 - Calculations : Electrolysis of chlorate: 6 coulombs/mol (2 coulombs/mol oxygen) = 96 485*6mol/3600Sec = 160.8A/H/mol NaCl→ NaClO3 = 2.752A/H/g NaCl in brine = 1.511A/H/g final gram of chlorate KCl → KClO3 = 2.157A/H/g of KCl in brine = 1.312A/H/g final gram of chlorate In other words : if the NaCl brine is traversed by 2.75 amperes for 1 hour, 1 g of NaCl will 11/14 disappear and will be changed to 1.821 g of sodium chlorate in the molar ratio between NaCl and NaClO3. Perchlorate electrolysis: (in one step) : 8 coulombs/mol (2 coulombs/mol oxygen) = 96 485*8mol/3600Sec = 214.4A/H/mol NaCl → NaClO4 = 3.669A/H/g of NaCl in brine = 1.751A/H/g final gram of perchlorate KCl → KClO4 = 2.876A/H/g KCl in brine = 1.548A/H/g final gram of perchlorate (Perchlorate need higher current density. It is more difficult to obtain than chlorate for different technical reasons.) For a realistic calculation, it is necessary to use the practical efficiency of the cell. An amateur cell without stabilization additive, without control of the PH and low temperature turns in the 40-50%. A good amateur cell goes up to 80%. Two theoretical and practical comparative tables : We can seen that the formation of perchlorate is not simultaneous with the disappearance of NaCl. An empirical solution to obtain chlorate is to continue the electrolysis of two-thirds of the time already elapsed to the apparition of violet under the drop of methylene blue. The slight rise of the voltage can be an indicator of perchlorate formation. But this indicator can be unfortunately also due to other factors : oxidation of the cathode, changing PH, temperature, oxidized connections ... NaCl example : Per hour Current Yield 50 % Yield 80 % NaCl consumption NaClO3 produce NaCl consumption NaClO3 produce 2A 0,363g 0,662g 0,581g 1,059g 12/14 3A 0,545g 0,993g 0,872g 1,588g 4A 0,727g 1,324g 1,163g 2,118g 5A 0,908g 1,655g 1,453g 2,647g 8A 1,453g 2,647g 2,326g 4,236g 10A 1,817g 3,309g 2,907g 5,295g 15A 2,725g 4,964g 4,360g 7,942g 20A 3,634g 6,618g 5,814g 10,589g 25A 4,542g 8,273g 7,267g 13,237g Note: the yield drops seriously at the end of electrolysis, so there is always a little NaCl remains in the end, if you stop at chlorate. It is close to 2% of the initial chloride in 50% yield but much more in 80% yield. It is therefore necessary to continue the electrolysis beyond this time if you wants to reach a final low rate of NaCl. 11 - Double-displacement/metathesis : It is very common to obtain another chlorate/perchlorate salt by a very interesting chemical property: metathesis otherwise called "double decomposition". The operation consists of starting from a soluble salt such as NaCl and adding, once the chlorate or perchlorate obtained, a saturated solution of another salt (or simply pure salt powder) such as KCl in order to obtain the precipitation of the new chlorate or perchlorate . Example  : NaClO3 + KCl → KClO3 + NaCl Several reasons justify this operation in favor of NaCl salt : - The solubility of NaCl, and even more of its chlorate and perchlorate - The possibility of filtering the brine when it is soiled by deposits of the anode (graphite PbO2, see MMO) and obtain pure crystals after metathesis. - The health aspect and non-danger of NaCl, compared to other salts (NH4Cl ...) - The technical control of this type of electrolysis easier than other salts (BaCl ...) - The low cost of NaCl - The infinite recycling facility of the initial brine - Mandatory for certain insoluble perchlorate (KClO4), therefore impossible to obtain directly For this, it is necessary to put the same number of moles of desired salt as the amount of initial NaCl salt. For 1 mol of NaCl: 58.44g electrolyzed to chlorate, 1 mol of Kcl: 74.55 g should be added. A small excess may be advantageous, like 1,1mol to be added per 1 mol of initial salt, the surplus will remain dissolved in the final liquid. To recover a maximum of crystals, cool the solution as low as possible to 0°C or below. 13/14 A freezer may be useful since the dissolved salts will lower the freezing point well below 0 ° C, and the chlorate + perchlorate crystals will become increasingly insoluble for the most part. Example For 100g of initial NaCl to pass into KClO3 : 1 - Prepare 127.6g of KCl in powder. 2 - Add this mass of KCl in the electrolyzed brine still hot (heat is important for solubility). 3 - Stir until a very fine homogeneous powder is obtained in the container. 4 - Put in a very cold place (fridge, freezer ...) 5 - Filter the white crystals in suitable filter: cloth, coffee filter, laboratory filter ... 12 - Chemical properties : Properties of chlorates : Chemical formula : NaClO3/KClO3 Molar mass : 106,44(Na) and 122,55g(K) salts : NaCl : 58,44g and KCl : 74,55g Density : 2,54@20°C (Na) and 2,32(K) Fusion : 248–261°C(Na) and 356°C (K) Evaporation : 300-400°C(Na) (decomposition) and 400°C (K) (Decomposition) Solubility : Na : glycerol, hydrazine, methanol, and slightly ethanol acetone and ammonia. K : Glycerol, almost insoluble acetone and ammonia. Reactivity: be careful, powerful oxidizers, used in pyrotechnics, but relatively sensitive to acids and shocks. “Never” use sulfur because the formation of sulfuric acid in the presence of moisture can lead to spontaneous explosions (cause of several fatal accidents). Properties of perchlorates : Chemical formula : NaClO4 and KClO4 Molar mass : 122,44(Na) and 138,55g(K) salts : NaCl : 58,44g and KCl : 74,55g Density : 2,50@20°C (Na) and 2,52(K) Fusion : 468°C(Na) and 610°C (K) (decomposition starting near 400°C) Evaporation : 482°C(Na) (decomposition) decomposition (K) Solubility : Na : water, methanol, ethanol, acetone, ethyl acetate. K : water (100 times less than NaCLO4) and virtually no other solvent ? Reactivity: strong oxidants, more stable than chlorate in temperature + chemically. May be mixed with sulfur. Represent a greater security in the pyrotechnic fields. 14/14 
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