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This paper describes the preparation of radiopure lithium carbonate powder for the needs of low-background research, in particular, AMoRE-II, the second phase of a search for the neutrinoless double-beta decay (0νDBD) of the 100Mo isotope using over 100 kg of 100Mo contained in 200 kg of ultra-pure Li2100MoO4 bolometric crystals. About 150 kg of pure Li2CO3 powder is required to synthesize the crystals. The desired radiopurity for the lithium powder is 40K below 100 mBq/kg, and Th/U and Ra are at a few mBq/kg. Several commercially available powders were tested with ICP-MS and HPGe detectors at the Center for Underground Physics (CUP) of the Institute for Basic Science in Korea. The lowest purity of the tested products was 99.99%. The results of the powders’ radioassay at CUP showed that none of the tested products were suited for the 0νDBD search application. A special purification technology had to be developed to remove the original contamination of the powder with potassium (K), thorium (Th), uranium (U), and radium (Ra). Lithium carbonate crystallization via carbonization technique was inefficient in removing radiochemical impurities. Lithium formate fractional recrystallization effectively removed Ra, K, and Th, but the synthesis of the final lithium carbonate product had a low yield and required the introduction of additional chemicals. The analysis results of raw and purified powders, the decontamination efficiency, and plans are described in the article.
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1 INTRODUCTION
Lithium and its compounds have recently become one of modern science and technology’s most highly demanded rare metals. It is used as electrode materials in electrochemical cells, in the production of ceramics and different types of glass, in pharmacy as a medicine for mental disaster treatment, etc. Recently, lithium compounds have found application in particle physics as a precursor for producing lithium-containing cryogenic crystal detectors [1–4]. Lithium molybdate (Li2MoO4, LMO) crystal scintillators are being used in searches for rare-event processes such as two neutrino double beta decay (2νDBD) [1, 2] and neutrinoless double beta decay (0νDBD) [3, 4]. Lithium fluoride (LiF) crystals are applied to studies of rare α and β decays and dark matter particle searches [5–7]. In particular, the AMoRE collaboration has selected lithium molybdate as the source/detector material for cryogenic measurements. AMoRE is an international collaboration focused on a high-sensitivity search for the 0νDBD of 100Mo nuclei embedded in Li2100MoO4 and 40Ca100MoO4 (CMO) scintillating crystals operating at milli-Kelvin temperatures. Since the Mo-100 isotope has a comparatively high natural abundance (9.74%) [8] and a high Qββ-value of 3,034.40(17) keV [9], it is a promising candidate for a 0νDBD search. However, searching for the 0νDBD is challenging because of the long half-lives, greater than 1.1 × 1024 year for 100Mo [4, 10, 11].
AMoRE experiment is being implemented in a series of phases [12]. The AMoRE-I was carried out in 2021–2023 at the Yangyang Underground Laboratory (Y2L) with five LMO and thirteen CMO crystal detectors (∼3 kg 100Mo mass) [13, 14]. Relative to the CMO crystals [15, 16], the LMO crystals have revealed lower intrinsic radiopurities [17]. Those LMO crystals were produced at the Nikolaev Institute of Inorganic Chemistry (NIIC) [18]. For the crystal’s synthesis, pure lithium carbonate powder was provided by the NIIC and enriched MoO3 powder was purified with the NIIC technique [19, 20]. Based on preliminary estimates, an overall background rate of ∼0.032 count/keVkg·year in the region of interest (ROI) at Qββ (3,034 keV) and the [image: image] > 3.4 × 1024 years at 90% C.L. were reported in [14, 17, 21].
The AMoRE-II is the next phase of the experiment that will operate at the 1000-m Yemilab facility of the Center for Underground Physics (CUP) at the Institute for Basic Science (IBS) in Korea. About 400 lithium molybdate crystals (∼100 kg of 100Mo) will be assembled in an array of AMoRE-II detector to probe a projected sensitivity goal that corresponds to a decay half-life limit of [image: image] > 5 × 1026 years and a background rate lower than 10–4count/keVkg·year at ROI (3,024–3,044 keV) at Qββ (3,034 keV). Many efforts must be made to reduce the background level by two orders of magnitude and meet the stringent radioactivity constraints of AMoRE-II. Thus, every detector material and component has to be thoroughly examined and selected to minimize its contribution to the projected overall background level. In particular, each LMO crystal must satisfy a stringent radiopurity level condition. A226Ra contamination level of 100 μBq/kg in the crystal bulk would provide a minor contribution to the ROI, and 10 μBq/kg levels of 228Th and 238U (a few ppt) are required to satisfy the AMoRE-II requirements. Moreover, the radioactivity originating from other nuclides, for example, 40K cannot exceed a few mBq/kg levels in order to minimize pile-up effects [12, 22–25]. Despite the low Qβ of 40K, two neutrino double beta (2ν2β) decay events of 100Mo in random coincidence with a 40K decay can produce background in the ROI at about 60 mBq/kg [26].
For a sensitive and large-scale bolometric experiment like AMoRE-II, the development of a protocol for producing high-quality monocrystal bolometers with an extremely high internal radiopurity, in an ideal case, zero internal radioactive background is needed. The conventional Czochralski technique [3] at CUP and the low-thermal gradient Czochralski (LTG-Cz) technique [19] at the NIIC are used for the production of the AMoRE-II crystals. About 180 kg of molybdenum trioxide (100MoO3), enriched in the 100Mo isotope, and 150 kg of lithium carbonate are used as precursors for the crystal synthesis. The procedure for the purification of enriched 100MoO3 for AMoRE-II was finalized and carried out at the CUP facility [27]. This study was focused on understanding the initial Li2CO3 purity required for AMoRE-II crystal synthesis with both techniques and what purity levels are commercially available in the market.
The process of a single crystal growing is itself a purification technique. Nevertheless, the reduction of impurities (segregation) significantly depends on the purity of initial materials, the method of crystallization, and its yield efficiency. Preliminary purification of the precursors and sequential double crystallization must be additionally implemented in order to ensure the reduction of contaminants and uniform purity of the produced crystals. The potassium content criteria of the Li2CO3 purity makes the issue more complicated. Lithium and potassium belong to the same group of the Periodic Table, have the same ionic charge, and exhibit similar chemical properties. The potassium contamination (on the ppm level) in commercial products would be obvious, but separating K from Li compounds is challenging. Here, crystallization techniques could be more successful than chemical separation. Potassium has a smaller probability of being incorporated into the crystalline structure due to its larger ionic radius of K+ (1.38 Å) in comparison to that of Li+ (0.59 Å) [8].
CUP’s experience of growing LMO crystals using the conventional Cz method showed that a potassium segregation factor of about 50 could be achieved [3]. Crystals with 40K levels of about 10 mBq/kg were produced from the initial mixture (Li2CO3 + MoO3) with 40K at about 500 mBq/kg. The LMO crystals with an acceptable level of <2 mBq/kg of 40K were synthesized using initial materials with potassium content below 100 mBq/kg. For the LMO crystals grown with the LTG-Cz, the segregation factors for potassium were at most a factor of ten, so successive double crystallization was required to reach a few mBq/kg level [26].
The same tendency was observed for 226Ra removal with crystal growing. The upper limit of 3.3 mBq/kg was found for all grown crystals produced from initial materials with different purities (from <100 to 1,000 mBq/kg level) using the conventional Cz method. To reach a segregation factor of ten or higher, double LTG-Cz growing was also required for 226Ra removal. For both techniques, a much stronger segregation effect (a few orders of magnitude) was observed for Th and U, which have a much larger ionic radius and different chemical properties. Despite the purity level of the initial material mixture (from <100 to 1,000 mBq/kg level), the grown crystals had Th and U contents that were below 15 ppt (<0.06 mBq/kg).
High segregation factors benefit the conventional Czochralski technique that allows the use of initial materials with radiopurity at the Bq/kg level. At the same time, the grown crystal ingot is only about 30% of the initial material charge, and the other 70% of the material remains in the residual melt and collects the impurities. High contamination of the residual melt makes the extracting and recycling of expensive enriched 100MoO3 more difficult, while lithium is discarded due to low extraction efficiency. To alleviate the 100MoO3 extraction process and reduce lithium losses, the residual melt could be reused several times in a growing cycle (requires using highly pure initial materials). Compared to the conventional Czochralski technique, the LTG-CZ method has a high crystallization efficiency for the grown ingot, as high as 80% of the initial charge. Such a high crystallization rate affects the segregation efficiency, so the LTG-Cz method is sensitive to the purity of initial materials. To balance the materials recycling routine and ensure the AMoRE-II crystals’ radiopurity and uniformity regardless of the crystallization method, 40K levels below 100 mBq/kg and Th/U levels of several mBq/kg in precursor materials are acceptable.
To fulfill the AMoRE-II needs for the production of the crystals, about 150 kg of this ultra-high-purity (better than 99.99%) lithium carbonate powder is required. The Li2CO3 powder used for AMoRE-I crystal synthesis is from stock, and the production technology has been decommissioned. To find a suitable one, several commercially available high-purity Li2CO3 powders were selected for further radiopurity investigation. The study addressed the sensitive HPGe and ICP-MS radioassay screening and selecting commercial lithium carbonate samples used in the AMoRE-II crystal production. Also, the first attempts at lithium carbonate purification at CUP are described. This paper is structured as follows: methods used for radiochemical analysis of lithium compounds and materials used are described in Section 2. The results of intensive screening of commercially available Li2CO3 carbonate powders are presented in Section 3. Section 4 describes the technique of Li2CO3 purification using the carbonization method. In Section 5, we describe the method of Li2CO3 purification through the lithium formate, LiHCO2, fractional recrystallization. Finally, Section 6 provides the conclusion and discussion of the results.
2 MATERIALS AND METHODS
Sample preparations and ICP-MS measurements were performed in class 1,000 cleanrooms (ISO 6). Quantitative chemical analyses were performed using an Agilent 7900 ICP-MS at CUP [28] and HR-ICP-MS at SEASTAR [29]. The radioactivity levels were measured with two 100% relative efficiency HPGe detectors at Y2L (Canberra Coaxial detectors named CC1 and CC2) [28, 30]. From the 232Th decay chain, the 228Ac activity was assumed to be in equilibrium with 228Ra, and the 212Pb and 208Tl activities were assumed to be in equilibrium and representative of (with branching-ratio correction) 228Th. From the 238U decay chain, the 214Pb and 214Bi activities were measured to represent the 226Ra activity.
Compressed 99.999% CO2 gas was purchased from the local market. Formic acid 88+% used for lithium formate recrystallization and ammonium bicarbonate (99%, for analysis) used for final synthesis, were purchased through Alfa Aesar®. Millipore® 18.2 MΩ cm deionized water was used for dilutions, sample preparation, etc. All labware was made of high-purity quartz or PTFE and, before use, was cleaned in 10% HNO3 solution under 60°C with sonication, rinsed with deionized water three times, and stored filled with water.
For the carbonization method, Li2CO3 powder was dissolved in deionized water under an overpressure of CO2 gas (∼1 atm) in a 6,000 mL pressure vessel that was equipped with an inlet for gas supply and an outlet for the pressure release. During the dissolution, a continuous intense agitation was applied to saturate the mixture with gas and force the process. After the complete dissolution, the lithium bicarbonate LiHCO3 solution (∼1.2 mol L-1) was heated with stirring to 90°C. Once the first crystals of Li2CO3 appeared and the solution became cloudy, the hot mixture was filtered through a membrane 0.1 µm pore size PTFE filter (Advantec®). Then, the filtered solution was forwarded to the final decarbonization procedure. The solution was continuously heated with stirring at the boiling temperature to force the formation of insoluble lithium carbonate powder. The filtered powder was washed with hot water and dried at 150°C.
The lithium carbonate powder was dissolved in about 50% formic acid at 90°C for the lithium formate recrystallization method. The saturated at 95°C lithium formate solution was cooled down to room temperature slowly in an oven for 24 h. The crystals were filtered out and dried at 150°C to check the crystallization efficiency. For the second and third steps of recrystallization, the dried powder obtained in the previous step was dissolved in water at 95°C until saturation, the pH of the solution was adjusted to be slightly acidic, and the crystallization procedure was applied as described above. The mother solution was collected separately in each step and was not reused. Crystals obtained after the third recrystallization step were dissolved in water until saturation at 40°C and mixed with ammonium bicarbonate sludge. The mixture was kept at 40°C for 2 h with continuous stirring. The obtained lithium carbonate powder was filtered, rinsed with hot deionized water, and dried at 150°C.
3 RADIOASSAY OF COMMERCIALLY AVAILABLE POWDERS
The radioassay program began with an analysis of the lithium carbonate powder used for the production of AMoRE-I LMO crystals, which was provided from old stocks of the NIIC. The powder was produced several decades ago at the Novosibirsk Rare Metal Plant (NRMP) under USSR purity standard TU 6-09-3728-83. The spodumene pegmatites from the Zavitinskoe deposit were used as raw material [31, 32]. After the depletion of the Zavitinskoe deposit from its subsequent closure, the only source of lithium carbonate in Russia is Chilean lithium of the technical grade. Recent NRMP [33] is a private company that produces lithium carbonate powders with a purity better than 99%, among many other lithium compounds. The company uses the imported lithium sources of technical grade and applies purification methods adopted for the initial material’s composition [31].
At CUP, we extensively tested Li2CO3 powder (TU 6-09-3728-83) preserved from the old NIIC stock and compared it with the powders produced at the NRMP (Table 1). As the highest purity grade available, pharmaceutical grade powder was selected. To better understand the latest production chain, LiOH of technical grade, the initial material for Li2CO3 production at the NRMP, was tested at the same time. The old powder, produced from the spodumene ore and used in AMoRE-I, showed excellent radiopurity that met the AMoRE-II requirements. The 40K activity was below 11.5 mBq/kg, and progenies’ activities from Th/U chains were below 2 mBq/kg. ICP-MS confirmed the levels of 232Th and 238U at about 0.1 and 0.2 ppb, respectively. All other tested chemical impurities were below 1 ppm level. The potassium content in the recently produced pharmaceutical-grade powder was slightly higher but still acceptable, while B, Ba, Ca, Mg, Fe, and Na concentrations were over 1 ppm. The use of initial technical lithium hydroxide, originating from brines, explains the comparatively higher contamination. A226Ra activity at about 3 Bq/kg, which is much too high for AMoRE-II, was found in the powder. Relatively lower 226Ra activity in the raw LiOH indicated that the Ra contamination occurred during manufacturing, specifically in a lime process. The lime (CaO) process is a procedure in which many impurities can find their way into lithium products, notably radium, which commonly occurs in limestone. As an early outcome of the study, we found that potassium and radium activities are the limiting criteria in selecting commercial Li2CO3 for low-background experiments.
TABLE 1 | Data of ICP-MS analysis of commercial Li2CO3 powders.
[image: Table 1]Exploring the Certificate of Analysis (CoA) provided by company producers is an unprofitable way to find suitable low-radioactive lithium carbonate powder among commercially available products. Since the usual CoA does not provide information on radioactivity, every product must be tested with HPGe and ICP-MS on-site. As the next target of our investigation, the Puratronic® 99.998% (metal basis excluding Ca; Ca <20 ppm) lithium carbonate from Alfa Aesar® was examined. The ICP-MS analysis of several powders purchased from Alfa Aesar® (now Thermo Fisher Scientific™) (Korea) in different years and preserved at CUP chemical stock had purities that satisfied the AMoRE-II requirements. The K and Na concentrations were about 1 ppm, and the Ca content was at most 5 ppm. Tens of ppt levels for Th and U and ppb levels for all other tested impurities were found in tested powders purchased in 2016, 2018, and 2021.
The radiopurity examination with the HPGe was only performed for powders purchased in 2016 and 2021 (Table 2). The amount of powder purchased in 2018 was insufficient for a sensitive HPGe analysis. A226Ra activity of about 30 mBq/kg was found in the 2021 powder, significantly higher than in the 2016 powder. For reference, a 700 mBq/kg 226Ra activity was reported in [26] for the same brand-name product. Despite the relatively high 226Ra activity, several LMO crystals were grown at CUP using the 2021 Li2CO3 powder. These crystals had a yellowish color and were unsuitable for use in the experiment. The coloration of the crystals could not be caused by impurities from molybdenum since the molybdenum oxide was purified at CUP, and its purity was confirmed [27]. With extensive ICP-MS and HPGe analysis of Li2CO3, we did not find any contaminants at the levels over a few ppm, which may explain the yellowish color of the crystals. Organic carbon-containing impurities could be a reason for that. As the radiopurity of the powder could differ within a few orders of magnitude from lot to lot, and obtaining 150 kg of the powder from a single lot tested in advance was impossible, we decided not to use this powder.
TABLE 2 | Data of HPGe analysis of commercial Li2CO3 and LiOH products in units of mBq/kg.
[image: Table 2]Several 99.999% Li2CO3 powders from three different producers in China were purchased through RNDKOREA [34] and subjected to radioassay. Similar to Alfa Aesar® (Puratronic®) and NRMP (TU 6-09-3728-83) powders, potassium and calcium content in powders A, B, and C was about 1 ppm level. Noticeably high concentrations of Ba were observed in powders B and C, which may indicate a high radium activity. The HPGe analysis confirmed an increasing 226Ra activity in powder with a rising Ba concentration (Figure 1). For powders with a Ba concentration of over 10 ppm, 226Ra activity was over 100 mBq/kg. In powders from Alfa Aesar, NRMP TU 6-09-3728-83, and A, barium concentration varied around 0.1 ppm level, while 226Ra ranged from one to sixty mBq/kg.
[image: Figure 1]FIGURE 1 | 226Ra activity as a function of Ba contamination in commercial Li2CO3 powders.
Among those tested with ICP-MS and summarized in Table 1, the purest product was found to be powder A from the Chinese market. Relatively to other Chinese products, the lowest Th and Ra levels were measured in powder A, while U contamination was noticeably higher. The radioactivity levels presented in Table 2 showed that the 226Ra activity level fluctuated the most for all tested high-purity powders. Summarizing all powders tested with our extended radioassay program, preliminary concerns about potassium contamination in commercial lithium carbonate powders were not confirmed. However, no suitable powder among the tested commercial products was found. Unacceptable 226Ra and slight Th and U contaminations led us to conclude the need to develop a purification strategy.
Due to its physical and chemical properties, lithium carbonate cannot be purified with sublimation or fractional recrystallization. To be purified, the lithium carbonate must be converted into soluble salts like nitrate, chloride, bicarbonate, oxalate, and formate. Then, the purified salt must be converted back into carbonate. Our first attempts to purify lithium nitrate using MnO2-based sorbent and recrystallization [35] showed high Ra and Th removal. Unfortunately, the final product was cross-contaminated with uranium (about 100 ppt) leached from the sorbent, and the final conversion into carbonate form was complicated and required additional ammonium bicarbonate (NH4HCO3) chemical.
4 CARBONIZATION METHOD
Another method to produce pure lithium carbonate involves the purification of lithium bicarbonate (LiHCO3) solution. Initially, dirty Li2CO3 is dissolved in water under CO2 gas bubbling to make LiHCO3 solution (carbonation). At temperatures over 60°C LiHCO3 decomposes, releasing back Li2CO3 solid and CO2 gas. The utilization of pure CO2 gas eliminates the problem of the introduction of impurities with NH4HCO3. The method is well-known and widely used in lithium manufacturing [36, 37].
A co-precipitation step was introduced into the procedure to remove mechanical and insoluble impurities and, if possible, improve the final product’s purity. As explained above, the Alfa Aesar® 2021, TU and Pharma grade NRMP, and A (from China) lithium carbonate powders were treated with the carbonization technique. Produced Li2CO3 powders were tested with ICP-MS, and Ba reduction was used as an indicator of possible radium removal (Table 3). A high decontamination effect was observed in tested powders for alkalis (K, Na, and Cs), B, Al, Fe, Pb, Ti, V, and U, resulting in satisfactory levels. It is important to note that the uranium reduction was significantly better, to the level below 10 ppt, for the powders with initial U content below 0.2 ppm. For the Pharma NRMP powder, the initial uranium concentration of about 2 ppb was reduced only by a factor of two, resulting in 1 ppb level. Weakened U reduction in Pharma grade powder might be explained by the influence of comparatively high calcium content and the formation of soluble calcium-uranyl carbonate complex compounds [38]. No reduction or only slight contamination with thorium was expected for the final products. In the presence of carbonate anions in the solution, thorium forms stable soluble complexes that are not filterable with a small amount of co-precipitate but partially or fully absorbed on the surface of the final product during final synthesis [39].
TABLE 3 | Impurities reduction in Li2CO3 powders via carbonization method.
[image: Table 3]As with Th and U, alkaline earth Mg, Ca, Sr, and Ba concentrations increased slightly in the final products. Despite their relatively higher concentrations, the solubility constants were not reached, and the species were presented in the solution in colloidal nonfilterable form. They were partially adsorbed on the final product’s surface. Because of its similar chemical properties, we doubted the possibility of radium separation and did not apply the HPGe measurement.
Due to the chemical form of the impurities in the bicarbonate solution, the carbonization combined with the co-precipitation method was found inefficient for removing Th, U, and Ra. Implementing column chromatography might improve their separation. However, deep, extensive R&D is required to find a proper sorbent material to extract Th, U, and Ra from their stable complex compounds in the lithium bicarbonate solution. The method could not be used alone but might be involved as a final step in combination with other techniques.
5 LITHIUM FORMATE RECRYSTALLIZATION
Lithium formate, LiHCO2, was selected as the next candidate for further purification experiments. This is a salt of formic acid, has a high difference in solubility at different temperatures, and might be converted into carbonate via thermal decomposition. The powder B (5N grade from the Chinese market) was selected as the initial material for the test. The radioactivity reduction for this product would be easily tracked with HPGe step-by-step. Still, it will not require many repetitive recrystallization steps to reach the lowest level possible for the selected technique.
Since the LiHCO2 solubility in water at room temperature (∼28%) is lower than that at 98°C (∼57%) by a factor of two [40], about 50% recovery efficiency for a single step was reached. Due to the high solubility of LiHCO2 even in cold water (∼24% at 0°C), crystals separated from the mother solution were not rinsed and subjected to the next recrystallization steps. Three successive steps were performed, and the resulting LiHCO2 monohydrate crystals were individually assayed by ICP-MS. The radioactivity reduction was tested by HPGe measurements of the lithium formate crystals obtained after the third recrystallization step and the final Li2CO3 product (Table 4).
TABLE 4 | Reduction of impurities via lithium formate recrystallization method.
[image: Table 4]ICP-MS analysis confirmed for the first recrystallization step a reduction of K, Ba, and Th by two orders of magnitude and Al and Sr by one order of magnitude. The second recrystallization step improved the Ba and Sr removal by one more order of magnitude, while the third step was nearly inefficient. With the three steps, 232Th and 238U concentrations in LiHCO2 were lowered below 6 ppt, and Ba was reduced by a factor of over a thousand. The 226Ra activity was reduced by two orders of magnitude, resulting in 3.5 ± 1.1 mBq/kg. With successive triple recrystallization of lithium formate, a nearly satisfactory purity was achieved, and the next step was to convert the pure LiHCO2 crystals into final Li2CO3 powder.
Lithium carbonate powder was produced from lithium formate through its thermal decomposition [41]. At 290°C, lithium formate decomposes with the formation of lithium carbonate and the release of CO and H2 gases. About 50 g of powder was heated with a pure air supply to avoid the carbon black formation during decomposition. However, at about 270°C, the powder melted, limiting the air access to the volume [42]. Further slow heating caused the intensive formation of carbon black. It was found impossible to avoid LiHCO2 melting, and lithium carbonate was being synthesized by the interaction of lithium formate and ammonium bicarbonate sludge, according to the reaction:
[image: image]
Due to the relatively high solubility of Li2CO3 in formate-based solutions, a maximum 40% recovery efficiency was reached. The purity of the ammonium bicarbonate involved in the final production step and the purity of the final lithium carbonate powder were tested and shown in Table 4. Relative to the third recrystallized LiHCO2, the concentration of Al, K, Sr, Ba, Pb, and Th, and the activity of 226Ra increased several times. The ammonium bicarbonate used in the synthesis was comparatively pure, and the contamination was caused by partial or complete co-precipitation of impurities with the synthesized lithium carbonate.
A total decontamination factor of about 20 was obtained for potassium, 10 for thorium, and 50 for radium in synthesized Li2CO3 powder, resulting in near-desirable purity. The inefficient synthesis of the final product, which needs an additional chemical, led us to continue the investigation.
6 CONCLUSIONS
Recently, lithium carbonate has been extensively used as the initial material for producing cryogenic bolometers. Low-background conditions of the experiments require extraordinary specifications for the radiochemical purity of the lithium carbonate precursor. A40K level below 100 mBq/kg, Th/U, and Ra at several mBq/kg, and all other chemical impurities below 1 ppm level in precursor materials would be acceptable for crystal production. Eight different commercial products of high purity (better than 99.99% purity grade), purchased from different sources and manufacturing lots, were tested to find a possible candidate for AMoRE-II crystal synthesis. Among tested Li2CO3 powders, no products with the required purity were found. High radium and slight Th/U contamination were observed, and the contamination level varied for different lots of the same brand-name product. Several purification techniques were tested at CUP in order to produce material with the required purity.
Simply performance-wise, carbonization combined with co-precipitation effectively removed mechanical impurities, alkali, transition, and heavy metal contamination to the required level but was inefficient in the removal of alkali earth metals, Th, and U. The chemical formula of these species in the bicarbonate solution made their sorption and extraction complicated and challenging. This method could not be exploited alone, but it could be the finishing step in the multistep purification technology.
Fractional recrystallization of lithium formate showed high Ra and Th reduction, resulting in satisfactory purity after three successive recrystallization steps. Further synthesis of lithium carbonate from purified formate was inefficient and complicated, requiring a large amount of additional ammonium bicarbonate, and the final product has moderate contamination. The same problem was met in our early study [35] of lithium nitrate purification.
We have been searching for new ways to produce the high-purity, low-background lithium carbonate precursor for AMoRE-II crystal synthesis. Column chromatography, nano and ultrafiltration, and sorption methods are being tested to find an efficient technique for removing Th, U, and Ra from the lithium compounds. The measurements and purification methods presented in this article have high importance for radioanalytical chemistry applied for low-background physics aiming for a “zero” background.
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