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TECHNOLOGIES FOR CHEMICAL MILLING OF ALUMINIUM AND ITS
ALLOYS: THE USE OF ALKALINE AGENTS

The problem of improving the efficiency of chemical milling technologies while simplifying the
procedure for their implementation remains unresolved. One of the efficient ways to solve this problem is to
develop new etching compounds. The purpose of this work was to experimentally determine the optimal
conditions for the use of salt additives (NaNO3, NaClO4) as components of alkaline solutions in chemical milling
technologies, as well as to develop the foundations for the rational use of waste in these technologies. It is shown
that the introduction of a salt additive to an alkaline solution of chemical milling increases the rate of aluminium
removal. In this case, the quality of the treated surface is improved, and the amount of evolved hydrogen
decreases. The optimal chemical composition of the etching solution is proposed. It is shown that the spent
aluminate solutions can be used to obtain the basic aluminium salt A1,(OH)sC1, which has a high coagulating
ability. It has been determined that aluminium hydroxychloride can be used as a precipitating reagent for the
decomposition of alkali-aluminate solutions. The scheme of the chemical milling process has been proposed. It
provides for the regeneration of the components of the etching alkaline solution and contributes to the rational
use of technological resources
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speed.
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TEXHOJIOI'TI XIMIYHOI'O ®PE3EPYBAHHS AJIIOMIHIIO TA HOT'O
CIUVIABIB: BUKOPUCTAHHA JIY)KHUX AI'EHTIB

Iiosuwenns eghexmuenocmi MexHONO2IU XiMIUHO20 (pesepysants AmOMInIo [ 1020 CHIA8i8 npu
cnpoweHHs npoyedypu ix 30ilCHeHH s 3aIUUAEMbCSL AKMYabHOoI0 npobiemoro. O0un 3 egpexmugnux cnocobig iy
pilents — po3pobKa HOBUX MPABUTbHUX CKIadie. Mema Oanoi pobomu noaieana 8 eKcnepumMeHmanibHOMy
BUBHAYEHHT ONMUMATLHUX YMO8 sukopucmanis convosux dooasok (NaNOs, NaClOs) ¢ sxocmi komnonenmie
JIYXHCHUX PO3YUHIB 8 MEXHONOZIAX XIMIUHO20 (Dpe3epy8aHHs, a MAKOXMC 8 pO3podYi OCHO8 pPAYIOHATLHO2O
BUKOPUCMAHHA 8i0X00i8 8 Yux mexuonoziax. Ilokazano, wjo 66e0eHHs conbosUli 000ABKU 00 TYHCHO2O POZUUHY
Ximiunoeo (hpesepysanns 30inbuilye  WGUOKICMb  6UOAneHHs amominio. Axicme  06pobrenoi  nogepxhi
NOMINUYEMBCA, A KiTbKICMb 800HI0, WO BUOLIAEMBCA, 3MEHULYEMbCA. 3anpONOHOBAHO ONMUMATILHUL XIMIYHUL
CKAa0 mMpaguibho2o posuuny. Iloxkazano, wjo 3 ionpaybo8aHux ANOMIHAMHUX PO3UUHIE MOICHA OMPUMAMU
ocnosny cine amominito Al,(OH)sCl, sxa mae egexmusny kxoazymowuy soamuicms. Bcemanoeneno, wo
2IOpPOKCUXTIOPUO ATIOMIHIIO MOdice OYyMU BUKOPUCIMAHULL 8 AKOCMI Peazenma-gucaodlcy8aia npu 0eKoMnosuyii
ATIOMIHAMHUX JIYICHUX PO3HUUHIG. 3anponOHOBAHO cXeMy npoyecy Ximiunozo @Qpesepyeanns. Boua 3abezneuye
pezenepayilo KOMNOHEHMIE MPABUILHO20 JYAHCHO20 PO3UUHY | CHPUAE DAYIOHATLHOMY GUKOPUCHIAHHIO
MEXHONI02IYHUX PeCypCI6.

Kurouosi cnosa: ximiune ¢pezepysanns, amominilii ma o020 CHAABU, IYHCHUL POZUUH, CONbOBA 000K,
WBUOKICb PO3UUHEHHS.
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TEXHOJIOI'MU XUMHUYECKOI'O ®PEZEPOBAHUA AJTIOMUHUSA U ETO
CIUVIABOB: UCITIOJIb3OBAHUE HIEJIOYHbIX ATEHTOB

Togviwenue 3¢hpexmueHocmu mexHon02Ull XUMUHECKO20 (pe3eposanis artOMUHUL U €20 CHIA808 Npu
VApOWeHUU Npoyedypvl Ux OCYWeCmeNeHuss OCMAemcs akmyaivhou npooaemotl. OOun u3 spgexmusnbvlx
€cnocobog ee peuleHuss — papabomKa HOGbIX MPAGUILHLIX COCMasos. Llenv danHOU pabomvl 3aKIOYANACH 8
IKCHEPUMEHMATLHOM ONPedeieHul ONMUMANbHBIX YCI08ull ucnonb3oéanus conesvix 0obasox (NaNOs, NaClO,)
6 Kauecmee KOMNOHEHMO8 WeNIOYHbIX PACMEOPO8 6 MEXHONO2USX XUMUUECK020 (pe3eposanus, a maxice 8
paspabomke OCHO8 PAYUOHATILHOZO UCNOAb308AHUSL OMX0008 8 dmux mexnonoeusx. Iloxaszano, umo 6gedeHue
COne6oll 000ABKU 6 WENOUHOU DPACMEODP XUMUUECKO20 (DPe3eposanus Yeenuyusdaenm CcKoOpoCmy YOQIeHUs.
anromunust. Kauecmeo ob6pabomannoil nogepxHocmu yayuuwaemcs, a KOIUHeCmeo Gbl0esoue20cs 6000pood
ymenvuaemcs. Tlpednodicen oOnmumanbHulll XUMUYECKULL COCMAg mpaguivbHo2o pacmeopa. Tlokasano, umo u3
OMpaboOMaHHbIX  AOMUHAMHBIX PACINEOPOE MONCHO ROIYYums ocHoeHylo coiav  amomunus Aly(OH)sC1,
obaadaowyro dQGexmueHol Koazyaupyoujet cnocoOHOCmMbI0. YCmMaHoe1eHo, Ymo 2UOPOKCUXTIOPUO ANFOMUHUS
Modicem Oblmb UCNOL308AH 8 KAUECMEE 0CANCOAIOUE20 PedaeHma NPU PA3loNCeHUU AIOMUHAMHO-UEN0UHbIX
pacmeopos. [Ipeonoscena cxema npoyecca xumuueckozo @hpeseposanus. Ona obecneuusaem pezeHepayuio
KOMNOHEHMO8 MPABUTIbHO20 WeL0UHO20 pPACMEopd U CHocoOCmEyem pPAyuoHAIbHOMY UCHONb306AHUIO
MEXHONIOZUYECKUX PeCypCos.

Kuouesvle crosa: xumuueckoe gpeseposanue, amioMunull U e2o0 CIidesl, WeloYHol pacmeop, Conesast
0dobaska, ckOpoCmb pacmeopeHusl.

Problem definition

Alkaline solutions of sodium hydroxide with various additives are mainly used for chemical milling of
aluminium and its alloys. For example, in the practice of processing aluminium alloys, an alkaline solution of
sodium hydroxide is widely used, containing the following additives (g/dm3): sodium hydroxide 250-300,
aluminium (salt-like compound) 10-15, potassium fluoride 6-8, sodium thiosulfate Na,S;0z 25-30, ammonium
peroxydisulfate (NH4)2S,0g 15-18 [1]. A solution of this composition allows a sufficiently intensive chemical
milling of aluminum by reducing the overvoltage of the cathodic process. A significant disadvantage of this
solution is that the process is carried out at a sufficiently high temperature of 75-95 °C. In addition, (NH4)2S20g
and Na;S;03 undergo chemical transformations during etching. This entails the need to adjust the chemical
composition of the etching solution to ensure a constant etching rate and the required quality of the treated
surface. Such chemical milling procedures are complex and expensive. The problem of improving the efficiency
of chemical milling technologies while simplifying the procedure for their implementation remains unresolved.
One of the efficient ways to solve this problem is to develop and test new etching compounds.

Related publications

Aluminium alloys have unique structural properties such as low density, acceptable ductility, high
thermal and electrical conductivity. However, they are characterized by self-passivation due to the formation of
layers of different thickness. These layers consist mainly of Al,O3; and AIO(OH) and have a relatively low
chemical activity. Their presence negatively affects the efficiency of chemical milling technologies and forces
them to develop new chemical compositions and milling modes. Earlier it was shown that the dissolution of
aluminium and its alloys significantly depends on the presence of additives can be changed by adding organic
solvents [2-7] or salt-like compounds to the electrolyte solution [8-12]. The use of such composite electrolyte
solutions can effectively influence the speed of chemical milling.

Formulation of the purpose of research

The purpose of this work was to experimentally determine the optimal conditions for the use of salt
additives (NaNOs, NaClO,) as components of alkaline solutions in chemical milling technologies, as well as to
develop the foundations for the rational use of waste in these technologies.

Presentation of the main research material

Improvement of the chemical composition for the implementation of chemical milling technology.
Our preliminary experiments [3, 11, 12] have shown that when sodium nitrate is introduced into an alkaline
solution, the dissolution rate of aluminium and alloys D-16 and V-95 increases. In order to intensify the process
of chemical treatment of aluminium and its alloys, we have experimentally determined the optimal conditions for
using salt additives (NaNOs, NaClO4) as components of alkaline solutions. Aluminium alloys have the following
chemical composition, %: D-16: Al - 93,5+91,4; Cu - 3,8+4,9; Mg - 1,2+1,6; Mn - 0,3+0,9; Zn - 0,1; T1 - 0,1;
Fe - 0,5; Si - 0,5; V-95: Al - 88,3+89,4; Cu - 1,7+1,9; Mg - 2,3+2,5; Mn - 0,4+0,9; Cr - 0,2+0,4; Zn - 6,0. A
grade Al-00 was used as a pure aluminium. The Ky, value characterizes the rate of metal dissolution. It was
calculated as the mass of metal dissolved per unit of surface area per unit of time (kg/(m?-s)).

Reducing the concentration of NaOH in the test solution to 180-200 g/dm® and increasing the
concentration of aluminium to 35-40 g/ dm? leads to an improvement in the quality of the treated surface. This
also allows an alkaline aluminate solution to be used to adjust the etching solution. For the research, a solution of
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the composition was used: NaOH (total) = 200,0 g/dm?®; Al = 37,1 g/dm®. Both sodium nitrate and sodium
perchlorate additives accelerate the ionization of aluminium.

The effect of adding NaNOz salt will be considered in more detail. From Fig. 1 it follows that the
dissolution rate of the AI-00 sample increases markedly, especially when using perchlorate salt. The duration of
exposure to etching salt solutions is also higher than that of an individual alkaline agent NaOH. As the
concentration of sodium nitrate increases, the amount of hydrogen released decreases significantly (Fig. 2).
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Fig. 1. Time dependence of the dissolution rate of Fig. 2. Influence of NaNOs concentration on the
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2 —200 NaOH + 30 NaNOs, 3 — 200 NaOH + amount of released hydrogen (2), the amount of
30 NaClOq4 ammonia (3)

This is due to a natural decrease in the concentration of etching agents. On the contrary, the amount of
formed ammonia naturally increases as a product of reduction of nitrate ions (Fig. 2). A similar relationship for
the NaNO; concentration is more complex and extreme. We found that the effectiveness of nitrate and
perchlorate ions depends on the ratio of the concentrations of the studied salts, as well as the duration of etching.
During the operation of the etching solution, the effect of the above additives is reduced. This is due to the
accumulation of AI(OH)4™ in the solution, which make it difficult to diffuse NOs™ and CIO4 ions in the near-
electrode layer [3, 5]. The data characterizing the process of nitrate ion reduction are presented in Table 1.

Table 1.
Products of reduction of nitrate-ion during chemical milling of aluminum alloy D-16
The NOs ng‘;%%tc”r}ﬁhe solution, The number of nitrate ion reduction products, g/100 cm?® C,\fljs‘j',f}g‘;f‘
Before milling | After milling NHjs in terms of NO3° NO;" in terms of NOs” in terms of NOs™
0,97 0,69 0,06 0,01 6,00
1,40 1,07 0,11 0,02 5,50
2,90 1,32 0,15 0,04 3,75
4,30 2,45 0,18 0,12 1,50
5,87 3,33 0,34 0,29 1,17

As can be seen from the above data, an increase in the concentration of sodium nitrate in etching
solutions leads to the accumulation of an intermediate reduction product — nitrite ion. The completeness of
further reduction of the NO; ion was controlled using the ratio of the amount of ammonia and nitrite ion in
terms of the nitrate ion (Fig. 3). The obtained data indicate that when the NaNOs3 additive contains more than
60 g/dm3, the process of reducing the nitrogen atom to the highest degree of oxidation slows down. The study of
the surface roughness of the samples after etching was performed by measuring the radius of depressions (R) on
the surface of the samples. The radius of depressions is noticeably reduced in NaOH solutions containing more
than 40 g/dm® NaNO;. This fact indicates an improvement in the quality of surface treatment.
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Based on the obtained results, it can be concluded that when the salts are added to the basic composition
of the alkaline etching solution in the amount of 40-50 g/dm?, the metal removal rate increases by 1,2-1,5 times,
the surface treatment quality improves, and the amount of hydrogen released during the reaction decreases.
These facts indicate that the use of NaNO3 or NaClO, additive for chemical milling of aluminium and its alloys
is quite effective and appropriate.

It was found that the amount of free NaOH decreases during etching of aluminium and alloys. However,
the etching rate and electrical conductivity of the solution decreases, and the viscosity, on the contrary, increases.
If you do not add new portions of NaOH to the etching bath, the milling process slows down. Over time, the
solution becomes milky white. There is an increase in the etching rate to values slightly lower than the initial
speed. The chemical reaction that occurs can be described as follows: NaAlO; + 2H,0 = Al(OH)zd + NaOH.

The products of this reaction are the release of sodium hydroxide, which is necessary for further
etching, as well as the formation of aluminium hydroxide. Therefore, it is important to investigate the effect of
the amount of aluminium present in the solution on the speed of chemical milling. It was found (Fig. 4) that the
NaOH solution, when it used continuously, "absorbs" aluminium until the volume of free sodium hydroxide is
reduced to about 25 % of the original volume. After that, etching continues with free sodium hydroxide,
remaining at approximately the same level with a frequency that depends on the temperature. Aluminium
hydroxide in this case crystallizes at the bottom and sides of the etching bath to form a solid precipitate that is
difficult to remove. This stage can be described by the reaction of aluminium hydroxide dehydrogenation to form
aluminium oxide: 2AI(OH); — Al,O; + 3H,0. The explanation of this transformation is shown in Fig. 5.
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Fig. 5. Influence of dissolved aluminum Fig. 6. The effect of the duration of decomposition
concentration on the amount of free sodium on the degree of decomposition of the solution

hydroxide
When the concentration of dissolved aluminium exceeds 15 g/l, free NaOH is regenerated up to 80 %
relative to the original value. With prolonged use of the etching solution, this value ranges from 20 to 30 %, and
in the case of downtime, it increases to 50 %. A similar ratio is also observed for higher concentrations of
sodium hydroxide. Note that the etching rate decreases significantly when the content of dissolved aluminium
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increases (see Fig. 4). In practice, this means that to maintain a constant etching rate, the content of free sodium
hydroxide should be increased. However, a negative consequence of this is large volumes of waste process
solutions containing 50-60 % of unused sodium hydroxide and 80 % of dissolved aluminium. Therefore, the
disposal and rational use of waste solutions becomes an urgent task.
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Rational use of waste in chemical milling technologies of aluminium. The current direction is the
development of processes that allow using used etching solutions as raw materials for obtaining valuable
products. Methods of regeneration of alkaline solutions of aluminium etching are intended to prevent the flow of
industrial waste into the environment [2, 3, 8, 9]. Therefore, further research was directed to the processing of
spent alkaline solutions that are used for chemical milling of aluminium and its alloys. We studied the processes
of decomposition of aluminate solutions with subsequent use of the precipitate to obtain basic aluminium salts,
since they have high coagulating properties in a wide range of acidity values.

In order to study the conditions under which the decomposition of alkaline-aluminate solutions is
possible in the presence of aluminium hydroxychloride Al,(OH)sC1 as a precipitator-reagent, we investigated
the influence of NaOH concentration, NaAIO2/Al;O3 ratio, temperature and mixing mode. We proceeded as
follows when simulating the conditions for obtaining of hydroxychloride. A 0,5 mol/L hydrochloric acid (with a
density of 1,19 g/cm®) was added to a certain amount of an aluminate solution containing 280 g of NaOH and
80 g of Al in 1 cm?. The freshly precipitated Al(OH); was filtered off and thoroughly washed with hot water.
Particular attention was paid to the fact that the time for washing the precipitate of aluminium hydroxide from
NaCl was no more than 15-20 minutes, since the aging of the precipitate impairs the technological properties of
the product. Then AI(OH); was dissolved in 1 dm?3 of 0,5 mol/L HCI in a flask with a reflux condenser and
constant stirring at a temperature of 90-95 °C. Aluminate alkaline solutions were analyzed for NaOH and Al
content such as [5]. The content of A1%* and CI ions was determined in the obtained aluminium
hydroxychloride. According to result of chemical analysis, it was found that the ratio of molar concentrations
C1:A1* is equal to 0,6. This corresponds to the chemical composition of the main salt of aluminium
Al1,(OH)sC1. The formation of this salt can be expressed by the equation: 2A1(OH); + HC1 — A12(OH)sC1+
HO.

Experimental data on the effect of the process duration on the degree of decomposition of the spent
alkaline-aluminate solution at a temperature of 25 °C without mixing are shown in Fig. 6. Decomposition was
performed at NaAlO,/Al,Os = 1,63 with the addition of 6,5 g/dm® A1,(OH)sC1. From the above data, it can be
seen that at first there is a long period of induction. Intensive precipitation of aluminium hydroxide begins after
10 hours, and after another 4 hours 40 % A1,0s is released from the solution. The dependence of the degree of
decomposition of the aluminate solution on time at different temperatures is shown in Fig. 7; A1,(OH)sC1 as a
precipitator reagent was used in each experiment in an amount of 6,5 g/dm?,

The advantages of using Al,(OH)sC1 as a precipitator reagent for the decomposition of alkaline-
aluminate solutions should also include the fact that the resulting aluminium hydroxide has a developed surface
(see Fig. 8); it is easily soluble in acids and is an important product for obtaining cheap coagulants.

The results of studying the amount of active A1(OH)s priming during decomposition of an alkaline-
aluminate solution are shown in Fig. 9. The process was carried out without stirring at 25 °C. These data suggest
a high activity of aluminium hydroxide obtained using A1,(OH)sC1 without heating. As can be seen from the
Fig. 9, the decomposition rate of 60 % is reached after 18 hours.
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The obtained results are the basis for the development of a new environmentally friendly technology for
chemical milling of aluminium and its alloys. A schematic diagram of the technological cycle is shown in
Fig. 10. This development contributes to the rational use of technological resources.

Conclusions

It is shown that the introduction of a salt additive NaNO3 or NaClO, to an alkaline solution of chemical
milling increases the rate of aluminium removal by 1,2-1,5 times. In this case, the quality of the treated surface
is improved, and the amount of evolved hydrogen decreases. The optimal chemical composition of the etching
solution for dimensional processing of aluminium and its alloys contains NaOH — 180-200, Al — 30-40,
NaNO; — 40-50 g/dm?. It is shown that the spent aluminate solutions can be used to obtain the basic aluminium
salt A1,(OH)sC1, which has a high coagulating ability.

It has been determined that aluminium hydroxychloride can be used as a precipitating reagent for the
decomposition of alkali-aluminate solutions. The technological scheme of the chemical milling process is
proposed. It provides for the regeneration of the components of the etching alkaline solution and contributes to
the rational use of technological resources.
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