
 

 

ɹʒʃɻɸʈʉʂɸ ɸʂɸɼɽʄʀʗ ʅɸ ʅɸʋʂʀʊɽ 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ 

Ăɸʢʘʜ. ʀʚʘʥ ʂʦʩʪʦʚñ 

 

 

 

 

 

 

 

ʂʨʠʩʪʘʣʦʭʠʤʠʷ ʠ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ ʤʝʜʥʠ ʠ ʮʠʥʢʦʚʠ 

ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ 

 

ɿʣʘʪʢʘ ɻʝʦʨʛʠʝʚʘ ɼʝʣʯʝʚʘ 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʟʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʠ ʥʘʫʯʥʘ ʩʪʝʧʝʥ Ăʜʦʢʪʦʨñ 
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ʅʘʫʯʥʠ ʨʲʢʦʚʦʜʠʪʝʣʠ: 

ʜʦʮ. ʜ-ʨ ʅʘʜʷ ʇʝʪʨʦʚʘ 

ʜʦʮ. ʜ-ʨ ʎʚʝʪʘ ʉʪʘʥʠʤʠʨʦʚʘ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 

ʆʙʝʤʲʪ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ 132 ʩʪʨʘʥʠʮʠ, ʚ ʢʦʠʪʦ ʩʘ ʚʢʣʶʯʝʥʠ 85 

ʬʠʛʫʨʠ, 20 ʪʘʙʣʠʮʠ, 12 ʩʪʨʘʥʠʮʠ ʣʠʪʝʨʘʪʫʨʘ (145 ʟʘʛʣʘʚʠʷ) ʠ 17 ʩʪʨʘʥʠʮʠ 

ʧʨʠʣʦʞʝʥʠʷ. 

ɼʠʩʝʨʪʘʥʪʲʪ ʝ ʙʠʣ ʨʝʜʦʚʝʥ ʜʦʢʪʦʨʘʥʪ ʚ ʧʝʨʠʦʜʘ 30.09.2016ʛ - 26.09.2019ʛ 

ʢʲʤ ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ Ăɸʢʘʜ. ʀʚʘʥ ʂʦʩʪʦʚñ ï ɹɸʅ. 

ɼʦʢʪʦʨʩʢʘ ʧʨʦʛʨʘʤʘ Ăʄʠʥʝʨʘʣʦʛʠʷ ʠ ʢʨʠʩʪʘʣʦʛʨʘʬʠʷñ. 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʥʘ ʩʝʤʠʥʘʨ ʚ ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ ï ɹɸʅ ʥʘ 24.09.2021 ʛ. 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʧʨʦʚʝʜʝ ʥʘ 10.02.2022ʛ.  ʦʪ 11.00 

ʯʘʩʘ ʚ ʟʘʩʝʜʘʪʝʣʥʘʪʘ ʟʘʣʘ ʥʘ ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ (ʫʣ. 

ɸʢʘʜ. ɻ. ɹʦʥʯʝʚ, ʙʣ.107) ïɹɸʅ. 

ʅʘʫʯʥʦ ʞʫʨʠ:  

1. ʜʦʮ. ʜ-ʨ ʎʚʝʪʘ ʉʪʘʥʠʤʠʨʦʚʘ ï ʉʋ 

2. ʧʨʦʬ. ʜ-ʨ ʊʦʤʘʩ ʂʝʨʝʩʪʝʜʞʠʷʥ ï ɻʀïɹɸʅ  

3. ʜʦʮ. ʜ-ʨ ʁʦʚʢʘ ʂʦʩʝʚʘ ï ʀʆʅʍ-ɹɸʅ  

4. ʜʦʮ. ʜ-ʨ ʅʘʜʷ ʇʝʪʨʦʚʘ ï ʀʄʂ-ɹɸʅ 

5. ʧʨʦʬ. ʜ-ʨ ɺʣʘʜʠʩʣʘʚ ʂʦʩʪʦʚ ï ʀʄʂ-ɹɸʅ 
ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʟʘ 

ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ ʢʘʥʮʝʣʘʨʠʷʪʘ ʥʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ ï ɹɸʅ, ʫʣ. Ăɸʢʘʜ. ɻʝʦʨʛʠ. ɹʦʥʯʝʚ, ʙʣ.107 ʚʩʝʢʠ ʨʘʙʦʪʝʥ ʜʝʥ ʦʪ 

9.00 ʜʦ 17.00 ʯʘʩʘ. 

* * *  

ʀʩʢʘʤ ʜʘ ʠʟʢʘʞʘ ʠʩʢʨʝʥʠʪʝ ʩʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʢʲʤ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʤʠ ʜʦʮ. 

ʜ-ʨ ʅʘʜʷ ʇʝʪʨʦʚʘ ʠ ʜʦʮ. ʜ-ʨ ʎʚʝʪʘ ʉʪʘʥʠʤʠʨʦʚʘ ʟʘ ʠʜʝʷʪʘ ʠ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ 

ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ. ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʮʝʣʠʪʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʦʥʥʘ 

ʨʘʙʦʪʘ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʨʝʜʠʮʘ ʤʝʪʦʜʠ ʦʪ ʘʥʘʣʠʪʠʯʥʘʪʘ ʙʘʟʘ ʥʘ ʀʄʂ, ʟʘʪʦʚʘ 

ʠʩʢʘʤ ʜʘ ʙʣʘʛʦʜʘʨʷ ʥʘ ʚʩʠʯʢʠ ʢʦʣʝʛʠ ʟʘ ʦʢʘʟʘʥʦʪʦ ʩʲʜʝʡʩʪʚʠʝ. ʀʟʢʣʶʯʠʪʝʣʥʦ ʩʲʤ 

ʙʣʘʛʦʜʘʨʥʘ ʥʘ ʧʨʦʬ. ʜ-ʨ ʈʦʩʠʮʘ ʅʠʢʦʣʦʚʘ ʟʘ ʠʥʪʝʨʝʩʘ ʠ ʧʦʤʦʱʪʘ ʧʨʠ ʨʘʙʦʪʘʪʘ ʩ 

ʤʦʥʦʢʨʠʩʪʘʣʥʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʉʧʝʮʠʘʣʥʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʜʲʣʞʘ ʥʘ 

ʜʦʮ. ʜ-ʨ ʈʦʩʠʮʘ ʊʠʪʦʨʝʥʢʦʚʘ ʟʘ ʧʦʤʦʱʘ ʧʨʠ ʨʘʙʦʪʘʪʘ ʩ ʠʥʬʨʘʯʝʨʚʝʥʘʪʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʢʘʢʥʦ ʠ ʥʘ ʛʣ. ʘʩ. ɽʣʝʥʘ ʊʘʯʝʚʘ ʟʘ ʧʦʤʦʱʪʘ ʧʨʠ ʨʘʙʦʪʘʪʘ ʩʲʩ 

ʩʢʘʥʠʨʘʱʘʪʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ. ɹʣʘʛʦʜʘʨʷ ʠ ʥʘ ʜʦʮ. ʜ-ʨ ʗʥʘ ʎʚʝʪʘʥʦʚʘ ʟʘ 

ʧʨʝʜʦʩʪʘʚʝʥʠʷ ʧʨʠʨʦʜʝʥ ʦʙʨʘʟʝʮ. ʀʩʢʘʤ ʜʘ ʙʣʘʛʦʜʘʨʷ ʠ ʥʘ ʢʦʣʝʛʠʪʝ ʦʪ ʉʋ ñʉʚ. 

ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ ʟʘ ʜʦʩʪʲʧʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʥʘʣʠʪʠʯʥʘʪʘ ʙʘʟʘʪʘ ʥʘ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʧʦ-ʩʧʝʮʠʘʣʥʦ ʥʘ ʩʧʝʮʠʘʣʠʩʪ-ʛʝʦʭʠʤʠʢ ɺʝʩʝʣʠʥʘ ʅʘʢʦʚʘ ʟʘ 

ʟʘʩʥʝʤʘʥʝʪʦ ʠ ʧʦʤʦʱʪʘ ʧʨʠ ʨʘʟʯʠʪʘʥʝʪʦ ʥʘ ʯʘʩʪ ʦʪ ʧʨʘʭʦʚʠʪʝ ʨʘʥʪʛʝʥʦʚʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʠ ʟʘ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʧʦ ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʛʨʘʤʘ 

Ăʄʣʘʜʠ ʫʯʝʥʠ ʠ ʧʦʩʪʜʦʢʪʦʨʘʥʪʠñ.  
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ʋʚʦʜ 

ʄʠʥʝʨʘʣʠʪʝ ʭʠʜʨʦʢʩʠʩʦʣʠ ʥʘ ʤʝʜʪʘ ʠ ʮʠʥʢʘ ʩʘ ʝʢʟʦʛʝʥʥʠ ʧʨʦʤʝʥʠʪʝʣʥʠ 

ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ ʩʝ ʩʨʝʱʘʪ ʚ ʦʢʠʩʣʠʪʝʣʥʠʪʝ ʟʦʥʠ ʥʘ ʩʫʣʬʠʜʥʠ ʥʘʭʦʜʠʱʘ. 

ʀʟʢʣʶʯʠʪʝʣʥʦ ʨʘʟʥʦʦʙʨʘʟʥʠ ʩʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʘʪʠʦʥʠʪʝ, ʢʦʠʪʦ ʚʣʠʟʘʪ ʚ 

ʩʲʩʪʘʚʘ ʠʤ ï ʥʘʧʨʠʤʝʨ Cu, Zn, Fe, Mn, Al , Ni, Co, Cd ʠ ʜʨʫʛʠ. ɸʥʠʦʥʥʘʪʘ ʯʘʩʪ ʥʘ 

ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʲʱʦ ʙʠʚʘ ʤʥʦʛʦʦʙʨʘʟʥʘ ï ʥʘʙʣʶʜʘʚʘʪ ʩʝ SO4, 

CO3, AsO4, Cl ʠ ʜʨʫʛʠ. ʆʪ ʛʝʥʝʪʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʢʘʪʠʦʥʥʠʷʪ ʩʲʩʪʘʚ ʦʪʨʘʟʷʚʘ 

ʚʠʜʘ ʥʘ ʧʲʨʚʠʯʥʠʪʝ ʩʫʣʬʠʜʥʠ ʤʠʥʝʨʘʣʠ, ʘ ʘʥʠʦʥʥʠʷʪ ʠʤ ʩʲʩʪʘʚ ʦʩʚʝʥ ʪʦʚʘ ʝ ʠ 

ʜʦʙʲʨ ʠʥʜʠʢʘʪʦʨ ʟʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʭʠʧʝʨʛʝʥʥʘ ʧʨʦʤʷʥʘ ʥʘ ʥʘʭʦʜʠʱʘʪʘ. ʆʪ 

ʛʦʣʷʤʦʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʥʘ ʤʠʥʝʨʘʣʠ ʭʠʜʨʦʢʩʠ - ʭʣʦʨʠʜʠ, ʢʘʨʙʦʥʘʪʠ, ʬʦʩʬʘʪʠ, 

ʘʨʩʝʥʘʪʠ, ʚʘʥʘʜʘʪʠ, ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠ ʩʘ ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠʪʝ ʤʠʥʝʨʘʣʠ. ʆʩʚʝʥ 

ʢʘʪʦ ʯʘʩʪ ʦʪ ʦʢʠʩʣʠʪʝʣʥʠʪʝ ʟʦʥʠ, ʤʝʜʥʠʪʝ ʠ ʮʠʥʢʦʚʠ ʭʠʜʨʦʢʩʠ ʩʦʣʠ ʩʝ ʩʨʝʱʘʪ ʠ ʚ 

ʦʪʨʘʙʦʪʝʥʠ ʤʠʥʥʠ ʠʟʨʘʙʦʪʢʠ ʠ ʭʘʣʜʠ, ʚ ʫʩʣʦʚʠʷ ʥʘ ʢʠʩʝʣʠʥʥʦ ʠʟʣʫʞʚʘʥʝ, ʥʘʡ-

ʯʝʩʪʦ ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʦʪʧʘʜʥʠ ʨʫʜʥʠʯʥʠ ʚʦʜʠ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʪʝ ʠʛʨʘʷʪ 

ʚʘʞʥʘ ʝʢʦʣʦʛʠʯʥʘ ʨʦʣʷ, ʢʘʪʦ ʧʨʝʜʧʘʟʚʘʪ ʦʪ ʤʠʛʨʘʮʠʷ ʥʘ ʪʦʢʩʠʯʥʠ ʡʦʥʠ ʚ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ.  

ʆʩʚʝʥ ʚ ʦʢʠʩʣʠʪʝʣʥʠʪʝ ʟʦʥʠ ʥʘ ʩʫʣʬʠʜʥʠ ʥʘʭʦʜʠʱʘ, ʤʝʜʥʠʪʝ ʠ ʮʠʥʢʦʚʠʪʝ 

ʭʠʜʨʦʢʩʠʩʦʣʠ ʩʘ ʝʜʥʠ ʦʪ ʦʩʥʦʚʥʠʪʝ ʬʘʟʠ ʚ ʧʘʪʠʥʠʪʝ ʥʘ ʙʨʦʥʟʦʚʠ ʠ ʤʝʩʠʥʛʦʚʠ 

ʘʨʪʝʬʘʢʪʠ ʠ ʩʲʚʨʝʤʝʥʥʠ ʧʘʤʝʪʥʠʮʠ ʥʘ ʢʫʣʪʫʨʘʪʘ. ʄʠʥʝʨʘʣʠʪʝ Cu-ʭʠʜʨʦʢʩʠʩʦʣʠ 

ʩʘ ʩʧʦʩʦʙʥʠ ʙʲʨʟʦ ʜʘ ʨʝʘʛʠʨʘʪ ʥʘ ʧʨʦʤʝʥʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʧʨʝʚʨʲʱʘʪ ʩʝ ʣʝʩʥʦ ʠ 

ʚ ʤʥʦʛʦ ʦʪ ʩʣʫʯʘʠʪʝ ʦʙʨʘʪʠʤʦ ʝʜʠʥ ʚ ʜʨʫʛ ʯʨʝʟ ʧʨʦʤʝʥʠ ʚ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. 

ʊʝʟʠ ʨʝʘʢʮʠʠ ʧʨʦʪʠʯʘʪ ʩʘʤʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʥʷʢʦʣʢʦ ʜʥʠ ʩʣʝʜ ʧʨʦʤʝʥʠ ʚ 

ʭʠʤʠʯʝʩʢʠʷ ʩʲʩʪʘʚ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʦ ʪʘʢʲʚ ʥʘʯʠʥ Cu-ʭʠʜʨʦʢʩʠʩʦʣʠ ʩʘ ʚʘʞʝʥ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʦʮʝʥʢʘʪʘ ʥʘ ʝʢʦʣʦʛʠʯʥʠʪʝ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʡʦʥʠʪʝ ʥʘ ʦʪʨʘʙʦʪʝʥʠ 

ʤʠʥʥʠ ʠʟʨʘʙʦʪʢʠ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʦʪʣʠʯʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ 

ʮʠʥʢ ʠ ʧʦʮʠʥʢʦʚʘʥʘ ʩʪʦʤʘʥʘ ʧʨʠ ʝʩʪʝʩʪʚʝʥʠ ʫʩʣʦʚʠʷ ʩʝ ʜʲʣʞʠ ʥʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʟʘʱʠʪʝʥ ʢʦʨʦʟʠʦʥʝʥ ʩʣʦʡ ʦʪ ʮʠʥʢʦʚʠ ʭʠʜʨʦʢʩʠ-ʩʦʣʠ (ʮʠʥʢʦʚʘ ʨʲʞʜʘ). 

ʄʠʥʝʨʘʣʥʠʷʪ ʩʲʩʪʘʚ ʥʘ ʪʦʟʠ ʩʣʦʡ ʩʠʣʥʦ ʟʘʚʠʩʠ ʦʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʘ 

ʟʘʱʠʪʥʠʷʪ ʤʫ ʝʬʝʢʪ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʤʦʨʬʦʣʦʛʠʷʪʘ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʢʨʠʩʪʘʣʠʪʝ. 

ʅʘʧʦʩʣʝʜʲʢ ʤʝʜʥʠ ʠ ʮʠʥʢʦʚʠ ʭʠʜʨʦʢʩʠ ʩʦʣʥʠ ʤʠʥʝʨʘʣʠ ʩʘ ʦʙʝʢʪ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝ, ʟʘʨʘʜʠ ʧʨʦʷʚʘʪʘ ʥʘ ʨʝʜʠʮʘ ʧʦʣʝʟʥʠ ʩʚʦʡʩʪʚʘ, ʘ ʠʤʝʥʥʦ: ʡʦʥʦʦʙʤʝʥʥʠ 

ʠ ʩʦʨʙʮʠʦʥʥʠ ʩʚʦʡʩʪʚʘ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʩʚʦʡʩʪʚʘ ʩʚʲʨʟʘʥʠ ʩʲʩ 

ʟʘʙʘʚʷʥʝ ʥʘ ʛʦʨʝʥʝʪʦ.  

ʀʥʪʝʨʝʩ ʟʘ ʨʝʜʠʮʘ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʨʦʮʝʩʠʪʝ ʠ ʧʨʦʜʫʢʪʠʪʝ ʥʘ 

ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ (Cu; Zn) ʭʠʜʨʦʢʩʠʩʦʣʥʠ ʩʲʝʜʠʥʝʥʠʷ. ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʥʘʥʦʨʘʟʤʝʨʥʠ ZnO ʠ CuO, ʢʘʪʦ ʢʨʘʡʥʠ ʧʨʦʜʫʢʪʠ ʧʨʠ ʪʝʨʤʠʯʥʘʪʘ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʥʘ ʚʲʧʨʦʩʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʩʘ ʦʪ ʦʩʦʙʝʥ ʠʥʪʝʨʝʩ ʟʘ ʢʘʪʘʣʠʪʠʯʥʘʪʘ ʠ ʢʝʨʘʤʠʯʥʘʪʘ 

ʠʥʜʫʩʪʨʠʷ. 
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ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʂʨʠʩʪʘʣʦʭʠʤʠʷʪʘ ʠ ʛʝʥʝʟʠʩʘ ʩ ʘʢʮʝʥʪ ʚʲʨʭʫ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʙʨʘʟʫʚʘʥʝ ʠ 

ʩʪʨʫʢʪʫʨʥʠʷ ʢʦʥʪʨʦʣ ʟʘ ʠʟʦʤʦʨʬʥʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʥʘ Cu
2+

 ʠ Zn
2+

 ʥʘ Cu, Zn 

ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩʘ ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʜʠʧʣʦʤʥʘʪʘ ʨʘʙʦʪʘ ʥʘ 

ʜʦʢʪʦʨʘʥʪʘ (Stanimirova and Delcheva, 2015). ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʨʦʚʦʢʠʨʘʪ ʫ ʘʚʪʦʨʘ 

ʧʦ-ʥʘʪʘʪʲʰʥʠʷ ʠʥʪʝʨʝʩ ʢʲʤ ʠʟʩʣʝʜʚʘʥʘʪʘ ʛʨʫʧʘ ʤʠʥʝʨʘʣʠ. 

ɻʣʘʚʥʘʪʘ ʮʝʣ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʢʨʠʩʪʘʣʦʭʠʤʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝʪʦ ʠʤ ʚʲʨʭʫ ʪʝʨʤʠʯʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʥʘ ʜʚʝ ʛʨʫʧʠ ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ:  

I. ʂʨʠʩʪʘʣʦʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ ʩʣʦʝʩʪʠ Zn
2+

  

ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩ ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ ʩ ʢʘʪʠʦʥʥʠ ʚʘʢʘʥʮʠʠ 

II . ʂʨʠʩʪʘʣʦʭʠʤʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ ʩʣʦʝʩʪʠ Cu
2+

 

ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩ ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ ʩ ʆʅ Ăʚʘʢʘʥʮʠʠñ 

ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ I -ʪʘ ʮʝʣ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

1. Zn-ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩ ʦʙʱʘ ʬʦʨʤʫʣʘ: Zn4(OH)6(SO4)ĀnH2O (n=5, 4, 

ʠ 3) ʦʩʘʢʘʠʪ, ʥʘʤʫʠʪ ʠ ʣʘʥʱʝʡʥʠʪ  

(i) ʉʠʥʪʝʟ ʠ ʩʨʘʚʥʠʪʝʣʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠʪʝ ʦʪ ʛʨʫʧʘʪʘ;  

(ii)  ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʦʙʣʘʩʪʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʤʠʥʝʨʘʣʠʪʝ ʦʪ ʛʨʫʧʘʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ pH; 

(iii)   ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩ ʘʢʮʝʥʪ ʚʲʨʭʫ  

ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʦʙʣʘʩʪ;  

(iv) ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʠ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ZnźCu ʠʟʦʤʦʨʬʠʟʤʘ ʚ 

ʭʠʜʨʦʢʩʠʜʥʠʷ ʩʣʦʡ. 

    2. Zn-ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩ ʛʦʨʜʘʠʪʦʚ ʪʠʧ ʩʪʨʫʢʪʫʨʘ: 

(i) ʉʠʥʪʝʟ ʥʘ ʩʠʥʪʝʪʠʯʥʠ ʘʥʘʣʦʟʠ ʩ ʨʘʟʣʠʯʥʠ ʤʝʞʜʫʩʣʦʝʚʠ ʢʘʪʠʦʥʠ ʠ 

ʭʘʣʦʛʝʥʠʜʥʠ ʘʥʠʦʥʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʯʨʝʟ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ;  

(ii)  ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʢʘʪʠʦʥʝʥ ʦʙʤʝʥ ʚ ʛʦʨʜʘʠʪʦʚʘʪʘ ʩʠʩʪʝʤʘ; 

ʧʦʣʫʯʘʚʘʥʝ (ʩʠʥʪʝʟ ʠʣʠ ʡʦʥʝʥ ʦʙʤʝʥ) ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ 

ʛʦʨʜʘʠʪʠ ʩ ʨʘʟʣʠʯʥʠ ʤʝʞʜʫʩʣʦʝʚʠ ʢʘʪʠʦʥʠ;  

(iii)   ʊʝʨʤʠʯʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʢʘʪʠʦʥʥʠ ʬʦʨʤʠ ʥʘ ʛʦʨʜʘʠʪ;  

(iv)  ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʘʥʠʦʥʝʥ ʦʙʤʝʥ ʥʘ ʭʘʣʦʛʝʥʠʜʥʠʷ ʘʥʠʦʥ (Cl
-
) 

ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʦʨʜʘʠʪ ʩ ʜʨʫʛʠ ʭʘʣʦʛʝʥʠʜʠ;  

(v) ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ  ʥʘ  ʛʦʨʜʘʠʪʠ ʩ ʨʘʟʣʠʯʝʥ 

ʭʘʣʦʛʝʥʠʜʝʥ ʘʥʠʦʥ ʚ ʩʪʨʫʢʪʫʨʘʪʘ;   
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ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ II -ʪʘ ʮʝʣ ʩʘ ʧʦʩʪʘʚʝʥʠ  ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

(i) ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʤʦʥʦʢʘʪʠʦʥʥʠ Cu ʠ ʜʚʫʢʘʪʠʦʥʥʠ (Cu-Zn) 

ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ: ʢʦʙʷʰʝʚʠʪ ʠ ʢʪʝʥʘʩʠʪ; 
(ii)  ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʠ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ZnźCu ʠʟʦʤʦʨʬʠʟʤʘ ʚ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʪʝʥʘʩʠʪʘ; 

(iii)   ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʨʤʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʠ ʧʨʦʜʫʢʪʠ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ 
ʢʪʝʥʘʩʠʪ; 

(iv)  ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʠ ʨʘʟʰʠʬʨʦʚʘʥʝ ʥʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʠʨʦʜʝʥ ʦʙʨʘʟʝʮ (ʩʝʨʧʠʝʨʠʪ) 
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1. ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 

ʄʘʪʝʨʠʘʣʠ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʠʥʪʝʪʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʠ 

ʝʜʠʥ ʧʨʠʨʦʜʝʥ ʦʙʨʘʟʝʮ.  

ʄʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʠʥʝʨʘʣʘ ʠ ʢʦʥʢʨʝʪʥʘʪʘ ʟʘʜʘʯʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ  (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʈʝʘʢʮʠʠ ʧʨʠ ʨʘʣʠʯʥʠ ʥʘʯʠʥʠ ʥʘ ʩʠʥʪʝʟ ʠ ʧʨʦʜʫʢʪʠʪʝ ʦʪ ʪʷʭ 

ʄʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ ʆʯʘʢʚʘʥʠ ʧʨʦʜʫʢʪʠ 

1. ʉʲʫʪʘʷʚʘʥʝ ʯʨʝʟ ʧʦʢʘʧʢʦʚʦ ʘʣʢʘʣʠʟʠʨʘʥʝ ʥʘ 

ʩʫʣʬʘʪʥʠ ʨʟʪʚʦʨʠ ʩ ʥʘʪʨʠʝʚʘ ʦʩʥʦʚʘ  

M2+SO4 + NaOH (M2+= Cu, Zn; ʠʣʠ ʩʤʝʩʝʥʠ 

ʨʘʟʪʚʦʨʠ ʥʘ Cu:Zn ʚ ʨʘʟʣʠʯʥʠ ʦʪʥʦʰʝʥʠʷ) 

ʇʦʟʥʷʢʠʪ, ʃʘʥʛʠʪ, ɹʨʦʰʘʥʪʠʪ, ʂʪʝʥʘʩʠʪ, 

ʅʘʤʫʠʪ, ʃʘʥʱʝʡʥʠʪ 

2. ʉʲʫʪʘʷʚʘʥʝ ʦʪ ʨʘʟʪʚʦʨʠ ʧʨʠ ʢʦʥʩʪʘʥʪʥʦ pH  

M2+SO4 + NaOH (M2+= Cu, Zn) 
ɹʨʦʰʘʥʪʠʪ, ʃʘʥʛʠʪ, ʅʘʤʫʠʪ, ʆʩʘʢʘʠʪ 
(Na, Ca) - ʛʦʨʜʘʠʪʠ ʩ Cl, Br, F, I ʘʥʠʦʥ 

M2+SO4 + NaOH + NaCl (NaBr, NaF, NaI ʠ CaCl2), 

(M2+=Cu, Zn) 

ɽʜʨʦʢʨʠʩʪʘʣʥʠ ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ 

ʤʠʥʝʨʘʣʠ ʩ ʦʙʱʘ ʬʦʨʤʫʣʘ  

ZnSO4 + CH4N2O(ʫʨʝʘ) 
Zn4(OH)6SO4.n H2O (n=5, 4, 3 ï ʦʩʘʢʘʠʪ, 

ʥʘʤʫʠʪ, ʣʘʥʱʝʡʥʠʪ) 

Zn(NO3)2 + NaOH Zn5(OH)8(NO3)2.2H2O 

3. ʈʝʘʢʮʠʠ ʪʚʲʨʜ-ʪʝʯʝʥ ʨʝʘʛʝʥʪ  

M2+O + ʩʫʣʬʘʪʝʥ ʨʘʟʪʚʦʨ  (M2+= Cu, Zn) 
M2+O + ʩʫʣʬʘʪʝʥ ʨʘʟʪʚʦʨ + NaCl ʠ/ʠʣʠ CaO 

ʂʪʝʥʘʩʠʪ, ʂʦʙʠʷʰʝʚʠʪ, ʅʘʤʫʠʪ,  
ɻʦʨʜʘʠʪ,  

4. ʈʝʘʢʮʠʠ ʤʝʞʜʫ ʭʠʜʨʦʢʩʠʩʦʣ ʠ ʭʘʣʦʛʝʥʠʜʥʠ, 

ʩʫʣʬʘʪʥʠ ʠʣʠ ʥʠʪʨʘʪʥʠ ʨʘʟʪʚʦʨʠ  

ʂʘʪʠʦʥʦʦʙʤʝʥʥʠ: 

(Na, Ca, Sr) ï ɻʦʨʜʘʠʪʠ + (Sr, Na, Ca) -ʭʣʦʨʠʜʥʠ 

ʨʘʟʪʚʦʨʠ) 

 

(Na, Ca, Sr,) - ɻʦʨʜʘʠʪʠ  

 
ɸʥʠʦʥʦʦʙʤʝʥʥʠ:  

ʅʘʤʫʠʪ, ɻʦʨʜʘʠʪ + NaI, KI ɻʦʨʜʘʠʪʠ ʩ I- ʘʥʠʦʥ 

Zn5(OH)8(NO3)2.2H2O + Na2SO4, (NHϞ)ϜSOϞ Zn-ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ 
ʅʘʤʫʠʪ, ɻʦʨʜʘʠʪ + NaNO3, Mg(NO3)2, Sr(NO3)2 Zn-ʭʠʜʨʦʢʩʠ-ʥʠʪʨʘʪʥʠ ʤʠʥʝʨʘʣʠ 

(Ca, Sr) ï ɻʦʨʜʘʠʪʠ + NaBr Br - ɻʦʨʜʘʠʪ 

ɸʥʘʣʠʪʠʯʥʠ ʤʝʪʦʜʠ. ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʮʝʣʠʪʝ ʚ ʥʘʩʪʦʷʱʘʪʘ 

ʜʠʩʝʨʪʘʮʠʦʥʥʘ ʨʘʙʦʪʘ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʨʝʜʠʮʘ ʘʥʘʣʠʪʠʯʥʠ ʤʝʪʦʜʠ: 

- ɼʠʬʝʨʝʥʮʠʘʣʝʥ ʪʝʨʤʠʯʝʥ ʘʥʘʣʠʟ (ɼʠʬʝʨʝʥʮʠʘʣʥʘ ʩʢʘʥʠʨʘʱʘ ʢʘʣʦʨʠʤʝʪʨʠʷ) - 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ-ʄʘʩʩʧʝʢʪʨʦʩʢʦʧʠʷ (DTA(DSC)-TG-MS); 

- ʇʨʘʭʦʚʘʪʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (PXRD);  

- ʉʢʘʥʠʨʘʱʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ (SEM)-ʝʣʝʢʪʨʦʥʥʦ ʩʦʥʜʦʚ ʤʠʢʨʦʘʥʘʣʠʟ; 

- ʀʥʬʨʘʯʝʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʌʫʨʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ (FT-IR); 

- ɸʪʦʤʥʦ ʘʜʩʦʨʙʮʠʦʥʝʥ ʘʥʘʣʠʟ (ɸɸɸ); 

- Mʦʥʦʢʨʠʩʪʘʣʥʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (Single Crystal XRD). 
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2. ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʷ 

2.1. ʄʠʥʝʨʘʣʠ ʩ ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ ʩ ʢʘʪʠʦʥʥʠ ʚʘʢʘʥʮʠʠ  

ʍʠʜʨʦʢʩʠʩʦʣʥʠʪʝ ʤʠʥʝʨʘʣʠ ʩ ʜʦʤʠʥʠʨʘʱʦ ʚʣʠʷʥʠʝ ʥʘ Zn ʚ ʢʘʪʠʦʥʥʘʪʘ ʯʘʩʪ, 

ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩʲʩ ʩʣʦʝʩʪʠ ʩʪʨʫʢʪʫʨʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ Zn-ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ, 

ʙʘʟʠʨʘʥ ʥʘ ʙʨʫʩʠʪʦʚ ʩʣʦʡ, ʚ ʢʦʡʪʦ ʯʘʩʪ ʦʪ ʦʢʪʘʝʜʨʠʪʝ ʩʘ ʚʘʢʘʥʪʥʠ, ʘ ʥʘʜ ʠ ʧʦʜ 

ʚʘʢʘʥʮʠʠʪʝ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʠʨʘʥʠ Zn
2+

. ʆʪʥʦʰʝʥʠʝʪʦ ʥʘ 

ʦʢʪʘʝʜʨʠʯʥʦ ʢʲʤ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʠʨʘʥʠ ʮʠʥʢʦʚʠ ʘʪʦʤʠ ʝ 3:2 ʠʣʠ 3:1 (ʬʠʛ. 

1). ɺ ʩʣʫʯʘʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚ ʨʘʙʦʪʘʪʘ Zn-ʭʠʜʨʦʢʩʠ ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ 

ʦʪʥʦʰʝʥʠʝʪʦ ʝ 3:1. 

 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʭʣʦʨʠʜʥʠʪʝ ʠ ʢʘʨʙʦʥʘʪʥʠʪʝ Zn-ʭʠʨʜʦʢʩʠ ʩʦʣʥʠ ʤʠʥʝʨʘʣʠ, ʧʨʠ 

ʢʦʠʪʦ ʦʢʪʘʝʜʨʠʪʝ ʩʘ Zn(OH)6, ʧʨʠ ʭʠʜʨʦʢʩʠ ʩʫʣʬʘʪʥʠʪʝ ʤʠʥʝʨʘʣʠ, ʮʠʥʢʦʚʠʪʝ 

ʦʢʪʘʝʜʨʠ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ 5(OH)-ʛʨʫʧʠ ʠ ʢʠʩʣʦʨʦʜʝʥ ʘʪʦʤ ʥʘ SO4-ʛʨʫʧʘ. 

ʎʠʥʢʦʚʠʷʪ ʪʝʪʨʘʝʜʲʨ ʩʝ ʩʲʩʪʦʠ ʦʪ ʪʨʠ (OH)-ʛʨʫʧʠ ʦʪ ʦʢʪʘʝʜʨʠʯʥʠʷ ʩʣʦʡ (ʦʪ 

ʚʘʢʘʥʪʥʠʷ ʦʢʪʘʝʜʲʨ), ʘ ʯʝʪʚʲʨʪʘʪʘ (ʘʧʠʢʘʣʥʘ) ʧʦʟʠʮʠʷ, ʥʘʩʦʯʝʥʘ ʢʲʤ 

ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʝ ʟʘʝʤʘ ʦʪ H2O ʤʦʣʝʢʫʣʘ ʠʣʠ ʭʣʦʨʥʠ ʘʥʠʦʥʠ. ʇʨʠ 

ʟʘʝʤʘʥʝ ʥʘ ʘʧʠʢʘʣʥʘʪʘ ʧʦʟʠʮʠʷ ʦʪ H2O ʤʦʣʝʢʫʣʘ, ʩʣʦʷʪ ʝ ʥʝʫʪʨʘʣʝʥ, ʘ ʧʨʠ 

ʧʦʤʝʩʪʚʘʥʝ ʥʘ Cl- ʘʥʠʦʥ, ʩʣʦʷʪ ʝ ʟʘʨʝʜʝʥ ʦʪʨʠʮʘʪʝʣʥʦ. ʊʦʚʘ ʧʨʝʜʠʟʚʠʢʚʘ ʠ 

ʧʨʦʤʷʥʘ ʚ ʩʲʩʪʘʚʘ ʠ ʟʘʨʷʜʘ ʥʘ ʤʝʞʜʫʩʣʦʷ (ʬʠʛ. 2 ʘ ʠ ʙ). ɺ ʤʠʥʝʨʘʣʠʪʝ ʩ ʥʝʫʪʨʘʣʝʥ 

ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ (ʦʩʘʢʘʠʪ, ʥʘʤʫʠ, ʣʘʥʱʝʡʥʠʪ) ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʝ 

ʥʝʫʪʨʘʣʥʦ ʧʦ ʟʘʨʷʜ, ʢʘʪʦ ʝ ʟʘʝʪʦ ʩʘʤʦ ʦʪ ʚʦʜʥʠ ʤʦʣʝʢʫʣʠ (ʬʠʛ. 2ʚ), ʘ ʧʨʠ 

 
ʌʠʛ. 1 ɽʣʝʤʝʥʪʘʨʥʠ ʢʣʝʪʢʠ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʘʪʦʤʠʪʝ ʚ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʮʠʥʢʦʚʠʪʝ 

ʭʠʜʨʦʢʩʠʩʦʣʠ ʧʦ (001) ʚ ʮʠʥʢʦʚʠʷ ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ.  
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ʤʠʥʝʨʘʣʠʪʝ ʠ ʩʲʝʜʠʥʝʥʠʷʪʘ (ʛʦʨʜʘʠʪ ʠ Ca-ʛʦʨʜʘʠʪ) ʩ ʦʪʨʠʮʘʪʝʣʥʦ ʟʘʨʝʜʝʥ 

ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ ï ʤʝʞʜʫʩʣʦʷʪ ʝ ʧʦʣʦʞʠʪʝʣʥʦ ʟʘʨʝʜʝʥ ʦʪ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 

ʢʘʪʠʦʥ-ʚʦʜʥʠ ʢʦʤʧʣʝʢʩʠ (ʬʠʛ. 2ʛ) 

a ʙ 

 ʚ ʛ 
ʌʠʛ. 2. ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʨʘʜʠʚʥʠʪʝ ʯʘʩʪʠʮʠ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ: ʘ) ʥʘʤʫʠʪ; ʙ) ʛʦʨʜʘʠʪ ʠ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ: ʚ) ʥʘʤʫʠʪ ʠ ʛ) ʛʦʨʜʘʠʪ 

2.1.1 Zn-ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩ ʦʙʱʘ ʬʦʨʤʫʣʘ: Zn4(OH)6(SO4)ĀnH2O 

(n=5,4,3) - ʦʩʘʢʘʠʪ, ʥʘʤʫʠʪ ʠ ʣʘʥʱʝʡʥʠʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʇʨʘʭʦʚʠʪʝ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʠ SEM ʠʟʦʙʨʘʞʝʥʠʷ (ʬʠʛ. 3) ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʦʪ 

ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ ʧʦʢʘʟʚʘʪ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʦʩʘʢʘʠʪ ʠ/ʠʣʠ ʥʘʤʫʠʪ. 

ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʝʜʠʥʠʷ ʠʣʠ ʜʨʫʛʠʷ ʩʠʥʪʝʪʠʯʝʥ ʘʥʘʣʦʛ ʝ ʚ ʧʨʷʢʘ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʚʨʝʤʝʪʦ ʥʘ ʠʟʩʫʰʘʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪ ʧʨʠ ʩʪʘʡʥʠ ʫʩʣʦʚʠʷ. ʇʨʠ ʚʣʘʞʝʥ 

ʤʘʪʝʨʠʘʣ (ʠʟʩʫʰʝʥ ʜʦ 8 ʯ ʧʨʠ ʩʪʘʡʥʠ ʫʩʣʦʚʠʷ) ʩʝ ʨʝʛʠʩʪʨʠʨʘ ʦʩʘʢʘʠʪ, ʘ ʧʨʠ 

ʠʟʩʫʰʝʥ (ʥʘʜ 20 ʯ ʧʨʠ ʩʪʘʡʥʠ ʫʩʣʦʚʠʷ) ï ʧʦ-ʤʘʣʢʦ ʭʠʜʨʘʪʥʠʷ ʥʘʤʫʠʪ. ɺ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʥʷʤʘ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʩʲʧʲʪʩʪʚʘʱʠ ʬʘʟʠ.  

ʆʪ SEM ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʝ ʚʠʞʜʘ, ʯʝ ʧʦʣʫʯʝʥʠʪʝ ʦʩʘʢʘʠʪʠ ʠ ʥʘʤʫʠʪʠ (ʬʠʛ. 3) 

ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʧʣʦʯʝʩʪʠ ʢʨʠʩʪʘʣʠ ʩ ʪʨʠʛʦʥʘʣʝʥ ʠʣʠ ʧʩʝʚʜʦʭʝʢʩʘʛʦʥʘʣʝʥ 

ʭʘʨʘʢʪʝʨ. ʂʨʠʩʪʘʣʠʪʝ ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʫʪʘʷʚʘʥʝ ʦʪ ʨʘʟʪʚʦʨʠ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ 
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ʩʨʘʚʥʠʪʝʣʥʦ ʙʲʨʟʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʨʘʩʪʝʞ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʥʘʧʨʝʯʥʠ ʩʝʯʝʥʠʷ ʦʪ 

10ï30 ɛm ʠ ʜʝʙʝʣʠʥʘ ʦʪ 0.5 ʜʦ 2 ɛm (ʬʠʛ. 3 ʘ). ʂʨʠʩʪʘʣʠʪʝ ʥʘ ʦʩʘʢʘʠʪʘ ʩʘ ʬʠʥʠ,  

 
ʌʠʛ. 3. ʇʨʘʭʦʚʠ ʨʝʥʪʛʝʥʦʚʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʠ SEM ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠ ʧʦʣʫʯʝʥʠ ʧʦ ʨʘʟʣʠʯʥʠ 

ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ 

ʪʲʥʢʠ ʠ ʣʝʢʦ ʫʩʫʢʘʥʠ, ʩ ʥʝʷʩʥʠ ʦʯʝʨʪʘʥʠʷ, ʘ ʪʝʟʠ ʥʘ ʥʘʤʫʠʪʘ ʦʪʥʦʚʦ ʩʘ ʣʶʩʧʝʩʪʠ, 

ʧʦʥʷʢʦʛʘ ʦʛʲʥʘʪʠ, ʥʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʭʝʢʩʘʛʦʥʘʣʥʠ ʦʯʝʨʪʘʥʠʷ ʠ ʟʘʙʝʣʝʞʠʤʦ 

ʧʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ ʦʪ ʪʝʟʠ ʥʘ ʦʩʘʢʘʠʪʘ. ʂʨʠʩʪʘʣʠʪʝ ʥʘ ʦʩʘʢʘʠʪʘ ʠ ʥʘʤʫʠʪʘ, 

ʧʦʣʫʯʝʥʠ ʦʪ ZnO ʩʘ ʩ ʧʦ-ʤʘʣʢʠ ʥʘʧʨʝʯʥʠ ʩʝʯʝʥʠʷ (10-15 ɛm), ʥʦ ʩʝ ʦʪʣʠʯʘʚʘʪ ʩʲʩ 

ʟʥʘʯʠʪʝʣʥʘ ʜʝʙʝʣʠʥʘ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʙʘʚʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ, ʢʘʢʪʦ 

ʚʝʨʦʷʪʥʦ ʠ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʪʚʲʨʜʠʷ ʧʨʝʜʰʝʩʪʚʝʥʠʢ (ʮʠʥʢʠʪ) 

(ʬʠʛ. 3 ʙ). ʂʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʩ ʫʯʘʩʪʠʝ ʥʘ ʫʨʝʘ ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʦʙʨʝ 

ʦʬʦʨʤʝʥʠ, ʩ ʭʝʢʩʘʛʦʥʘʣʝʥ ʚʠʜ, ʢʨʠʩʪʘʣʠ ʩ ʥʘʡ-ʛʦʣʝʤʠ ʨʘʟʤʝʨʠ, ʢʦʠʪʦ ʜʦʩʪʠʛʘʪ ʜʦ 

100-120 ɛm (ʬʠʛ. 3 ʚ). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʠʥʪʝʟʠʪʝ ʧʦ ʪʨʠʪʝ ʤʝʪʦʜʘ ʧʦʢʘʟʘʭʘ, ʯʝ ʥʘʡ-ʤʘʣʢʦ 

ʭʠʜʨʘʪʠʨʘʥʠʷʪ ʤʠʥʝʨʘʣ ï ʣʘʥʱʝʡʥʠʪ ʥʝ ʩʝ ʦʙʨʘʟʫʚʘ ʜʠʨʝʢʪʥʦ. ʆʪ ʚʩʠʯʢʠ 

ʧʦʣʫʯʝʥʠ ʧʦ ʪʝʟʠ ʤʝʪʦʜʠ ʦʩʘʢʘʠʪʠ ʠ ʥʘʤʫʠʪʠ ʦʙʘʯʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʣʘʡʥʱʝʥʠʪ 

ʧʨʠ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʦ ʥʘʛʨʷʚʘʥʝ (80
ʦ
ʉ) ʠʣʠ ʧʨʠ ʜʝʭʠʜʨʘʪʘʮʠʷ ʥʘʜ ʘʢʪʠʚʠʨʘʥ 

ʟʝʦʣʠʪ (ʬʠʛ. 4). 

ɺ ʤʦʨʬʦʣʦʞʢʦ ʦʪʥʦʰʝʥʠʝ, ʪʲʡ ʢʘʪʦ ʣʘʥʱʝʡʥʠʪʲʪ ʩʝ ʧʦʣʫʯʘʚʘ ʯʨʝʟ 

ʜʝʭʠʜʨʘʪʘʮʠʷ, ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʢʨʠʩʪʘʣʠ ʥʦʩʷʪ ʬʦʨʤʘʪʘ ʥʘ ʠʟʭʦʜʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ. 

ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʦʙʘʯʝ ʥʘʧʫʢʚʘʥʠʷ, ʨʘʟʣʠʩʪʚʘʥʠʷ ʠ ʥʘʪʨʦʰʘʚʘʥʝ ʥʘ ʢʨʠʩʪʘʣʠʪʝ, 

ʢʦʠʪʦ ʩʘ ʨʝʟʫʣʪʘʪ ʦʪ ʠʟʣʠʟʘʥʝʪʝ ʥʘ ʅ2ʆ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʯʨʝʟ ʯʘʩʪʠʯʥʘʪʘ 

ʜʝʭʠʜʨʘʪʘʮʠʷ. 
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ʌʠʛ. 4. ʇʨʘʭʦʚʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʮʠʷ ʠ SEM ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʣʘʡʥʱʝʥʠʪ ʧʦʣʫʯʝʥ ʦʪ ʥʘʤʫʠʪ ʘ) ʧʨʠ 

ʜʝʭʠʜʨʘʪʘʮʠʷ ʥʘʜ ʘʢʪʠʚʠʨʘʥ ʟʝʦʣʠʪ ʠ ʙ) ʧʨʠ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʦ ʥʘʛʨʷʚʘʥʝ (80ʦʉ)  

ʈʝʜ ʥʘ ʧʦʣʫʯʘʚʘʥʝ  

ʄʠʥʝʨʘʣʠʪʝ Zn-ʭʠʜʨʦʢʩʠ ʩʫʣʬʘʪʠ ʩʝ ʧʦʷʚʷʚʘʪ ʢʘʪʦ ʚʪʦʨʠʯʥʠ ʧʨʦʜʫʢʪʠ ʧʨʠ 

ʘʣʢʘʣʠʟʘʮʠʷ ʥʘ ʨʫʜʥʠʯʥʠ ʚʦʜʠ. ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʨʝʜʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʤʠʥʝʨʘʣʠ ʩʘ ʧʨʦʚʝʜʝʥʠ ʦʧʠʪʠ (ʢʦʥʪʨʦʣʠʨʘʥʘ ʘʣʢʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʪʚʦʨ 

ʥʘ ZnSO4 ʩ NaOH), ʠʟʩʣʝʜʚʘʱʠ ʧʦʚʝʜʝʥʠʝʪʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ 

ʜʚʫʚʘʣʝʥʪʥʠʪʝ ʮʠʥʢʦʚʠ ʢʘʪʠʦʥʠ ʚʲʚ ʚʦʜʝʥ ʩʫʣʬʘʪʝʥ ʨʘʟʪʚʦʨ ʧʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʘʣʢʘʣʥʦʩʪʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ.  

 
ʌʠʛ. 5. ʂʨʠʚʘ ʥʘ ʘʣʢʘʣʠʟʘʮʠʷ ʥʘ ZnSO4 ʨʘʟʪʚʦʨ ʩ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʘʚʘʥʝ ʥʘ NaOH ʠ ʧʨʘʭʦʚʠ ʨʝʥʪʛʝʥʦʚʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘ ʚʣʘʞʥʠ ʠ ʩʫʭʠ ʧʨʦʜʫʢʪʠ ɸ, ɹ ʠ ɺ ʦʪ ʙʫʬʝʨʥʠʪʝ ʟʦʥʠ ʧʨʠ ʘʣʢʘʣʠʟʘʮʠʷʪʘ 
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ʇʦ ʪʦʟʠ ʤʝʪʦʜ ʩʘ ʧʦʣʫʯʝʥʠ ʠ ʪʨʠʪʝ ʤʠʥʝʨʘʣʘ ʦʩʘʢʘʠʪ, ʥʘʤʫʠʪ ʠ ʣʘʥʱʝʡʥʠʪ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʤʠʥʝʨʘʣʠʪʝ ʦʩʘʢʘʠʪ ʠ ʥʘʤʫʠʪ ʩʘ ʩʪʘʙʠʣʥʠ ʚ ʜʠʘʧʘʟʦʥʘ ʥʘ 

pH 6.5-7.5, ʘ ʧʨʠ ʧʦ-ʚʠʩʦʢʦ pH 11.5-12.5 ʩʪʘʙʠʣʥʦʩʪ ʧʦʢʘʟʚʘ ʤʠʥʝʨʘʣʘ ʣʘʥʱʝʡʥʠʪ 

(ʬʠʛ. 5). ʄʠʥʝʨʘʣʲʪ ʣʘʥʱʝʡʥʠʪ ʝ ʤʥʦʛʦ ʨʷʜʲʢ, ʢʦʝʪʦ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ 

ʫʩʪʘʥʦʚʝʥʠʪʝ ʚʠʩʦʢʦ ʘʣʢʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʦʙʨʘʟʫʚʘʥʝ. ʅʘ ʚʠʩʦʢʦʪʦ ʨʅ, ʚʝʨʦʷʪʥʦ ʩʝ 

ʜʲʣʞʠ ʠ ʬʘʢʪʲʪ, ʯʝ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʥʝ ʩʝ ʩʲʦʙʱʘʚʘʪ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ ʥʘ 

ʣʘʥʱʝʡʥʠʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʨʘʟʢʨʠʚʘʪ, ʯʝ ʜʠʨʝʢʪʝʥ ʩʠʥʪʝʟ ʥʘ 

ʣʘʥʱʝʡʥʠʪ ʝ ʚʲʟʤʦʞʝʥ ʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʘʣʢʘʣʠʟʠʨʘʥʝ ʥʘ ZnSO4 ʩ NaOH ʧʨʠ 

ʨʅ=11.5-12.5. 

ʊʝʨʤʠʯʥʦ ʧʦʚʝʜʝʥʠʝ 

ʉʪʨʫʢʪʫʨʠʪʝ ʥʘ ʪʨʠʪʝ ʤʠʥʝʨʘʣʘ ʦʩʘʢʘʠʪ, ʥʘʤʫʠʪ ʠ ʣʘʥʱʝʡʥʠʪ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʠʜʝʥʪʠʯʝʥ ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ ʩ ʥʝʫʪʨʘʣʥʦ ʟʘʨʝʜʝʥʘ ʧʦʚʲʨʭʥʦʩʪ, 

ʢʘʪʦ ʦʩʥʦʚʥʘʪʘ ʨʘʟʣʠʢʘ ʝ ʚʲʚ ʚʦʜʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʚ ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ɺʦʜʥʠʪʝ ʤʦʣʝʢʫʣʠ ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʚ ʜʚʘ ʚʠʜʘ ʧʦʟʠʮʠʠ: (i) 

ʚ ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ (ii) ʥʘ ʚʲʨʭʘ ʥʘ Zn ʪʝʪʨʘʝʜʲʨ ʦʪ ʭʠʜʨʦʢʩʠʜʥʠʷ 

ʩʣʦʡ, ʢʦʝʪʦ ʦʧʨʝʜʝʣʷ ʪʘʟʠ ʚʦʜʥʘ ʤʦʣʝʢʫʣʘ ʢʘʪʦ ʥʝʨʘʟʜʝʣʥʘ ʯʘʩʪ ʦʪ ʥʝʛʦ.  

ʎʷʣʦʩʪʥʘʪʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʘʢʘʠʪ (ʥʘʤʫʠʪ ʠʣʠ ʣʘʡʥʱʝʡʥʠʪ) 

ʧʨʦʪʠʯʘ ʩ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʜʝʭʠʜʨʘʪʘʮʠʷ, ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷ ʠ 

ʜʝʩʫʣʬʘʪʠʟʘʮʠʷ (ʬʠʛ. 6 ʘ). ʇʨʦʮʝʩʲʪ ʥʘ ʜʝʭʠʜʨʘʪʘʮʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥ ʥʘ 

ʜʚʘ ʝʪʘʧʘ. ɺ ʧʲʨʚʠʷ ʝʪʘʧ (Dehy I, ʬʠʛ. 6 ʙ) ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʝʪʘʧʥʦʪʦ ʦʪʜʝʣʷʥʝ ʥʘ 

4-ʪʝ (3 ʠʣʠ 2, ʧʨʠ ʥʘʤʫʠʪ ʠ ʣʘʥʱʝʡʥʠʪ) ʤʝʞʜʫʩʣʦʝʚʠ ʠ ʣʝʩʥʦ ʧʦʜʚʠʞʥʠ H2O 

ʤʦʣʝʢʫʣʠ ʦʪ ʩʲʩʪʘʚʘ ʥʘ Zn4(OH)6(SO4)ĀnH2O (n=5,4,3).  

 
ʌʠʛ.6. DTA-TG-MS ʜʘʥʥʠ ʟʘ ʥʘʤʫʠʪ ʚ ʜʠʘʧʘʟʦʥʘ 20-1000ÁC a) ʠ ʙ) DTA-TG ʢʨʠʚʠ, ʢʦʤʙʠʥʠʨʘʥʠ ʩ 

ʜʘʥʥʠ ʦʪ PXRD (d-ʩʪʦʡʥʦʩʪʠ ʥʘ ʙʘʟʘʣʥʠʪʝ ʨʝʬʣʝʢʩʠ 001 ʚ ¡) ʟʘ ʦʩʘʢʘʠʪ (Os), ʥʘʤʫʠʪ (Nam), 
ʣʘʥʱʝʡʥʠʪ (Lahn), ʜʠʭʠʜʨʘʪ (Dihy), ʤʦʥʦʭʠʜʨʘʪ (Monohy) ʠ ʭʝʤʠʭʠʜʨʘʪ (Hemihy) ʚ ʜʠʘʧʘʟʦʥʘ 20-

300°C 
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ʇʦʩʣʝʜʥʘʪʘ ʚʦʜʥʘ ʤʦʣʝʢʫʣʘ ʩʝ ʦʪʜʝʣʷ ʚ ʧʨʦʮʝʩʘ ʥʘ ʜʝʭʠʜʨʘʪʘʮʠʷ ʦʟʥʘʯʝʥ 

ʢʘʪʦ Dehy II. ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ, ʟʘ ʥʝʡʥʦʪʦ ʦʪʜʝʣʷʥʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ, ʢʘʢʪʦ ʧʦ-ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʘʢʘ ʠ ʧʦ-ʚʠʩʦʢʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʪʝʨʤʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʲʨʚʠʷ ʚʠʜ H2O ʤʦʣʝʢʫʣʠ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʝʥʝʨʛʝʪʠʯʥʦ ʪʘʟʠ H2O 

ʤʦʣʝʢʫʣʘ ʝ ʩʚʲʨʟʘʥʘ ʧʦ-ʟʜʨʘʚʦ ʚ ʩʪʨʫʢʪʫʨʘʪʘ. ʀʟʣʠʟʘʥʝʪʦ ʥʘ ʪʘʟʠ ʧʦʩʣʝʜʥʘ 

ʤʦʣʝʢʫʣʘ ʚʦʜʘ ʚ ʨʘʤʢʠʪʝ ʥʘ Dehy II  ʥʝ ʝ ʝʜʥʦʘʢʪʝʥ ʧʨʦʮʝʩ, ʘ ʩʪʨʫʢʪʫʨʘʪʘ 

ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʬʘʟʘ, ʥʘʨʝʯʝʥʘ ʭʝʤʠʭʠʜʨʘʪ (0.5 H2O ʤʦʣʝʢʫʣʠ ʟʘ ʬʦʨʤʫʣʥʘ 

ʝʜʠʥʠʮʘ (Bear et al., 1987). ʍʝʤʠʭʠʜʨʘʪʲʪ ʥʷʤʘ ʨʘʟʰʠʬʨʦʚʘʥʘ ʢʨʠʩʪʘʣʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʥʦ ʠʤʘ ʧʨʝʜʣʦʞʝʥʠ ʧʘʨʘʤʝʪʨʠ (Bear et al., 1987) ʠ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

(Stanimirova et al., 2017), ʢʦʷʪʦ ʧʨʝʜʧʦʣʘʛʘ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʤʝʞʜʫʩʣʦʝʚʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʯʨʝʟ ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ ʭʠʜʨʦʢʩʠʜʥʠʪʝ ʩʣʦʝʚʝ ʧʨʝʟ ʘʧʠʢʘʣʥʘʪʘ 

ʧʦʟʠʮʠʷ ʥʘ Zn-ʪʝʪʨʘʝʜʨʠ, ʢʦʷʪʦ ʩʪʘʚʘ ʦʙʱʘ ʟʘ ʜʚʘ ʩʲʩʝʜʥʠ ʩʣʦʷ.  

ʈʝʟʫʣʪʠʪʝ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʧʨʦʚʦʢʠʨʘʪ ʥʦʚ ʧʨʦʯʠʪ ʥʘ 

ʭʠʤʠʯʥʘʪʘ ʬʦʨʤʫʣʘ ʥʘ ʤʠʥʝʨʘʣʠʪʝ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʢʨʠʩʪʘʣʦʩʪʨʫʢʪʫʨʥʘʪʘ ʨʦʣʷ 

ʥʘ ʚʦʜʥʠʪʝ ʤʦʣʝʢʫʣʠ. ʇʨʝʜʣʦʞʝʥʠʪʝ ʬʦʨʤʫʣʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʠʰʘʪ ʢʘʪʦ: 

[Zn4(OH)6SO4.H2O]ĀnH2O, ʢʲʜʝʪʦ  (n=4, 3, 2), [Zn4(OH)6SO4ĀH2O] ʝ ʩʪʨʫʢʪʫʨʥʘʪʘ 

ʝʜʠʥʠʮʘ (ʭʠʜʨʦʢʩʠʜʝʥ ʩʣʦʡ), ʘ nH2O ʩʘ ʚʦʜʥʠʪʝ ʤʦʣʝʢʫʣʠ ʚ ʤʝʞʜʫʩʣʦʝʚʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʠʪʦ ʩʘ ʩʲʦʪʚʝʪʥʦ 4 ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʦʩʘʢʘʠʪʘ, 3 ʚ ʪʘʟʠ ʥʘ ʥʘʤʫʠʪʘ 

ʠ 2 ʧʨʠ ʣʘʥʱʝʡʥʠʪʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʦʪ ʢʨʠʩʪʘʣʦʭʠʤʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʤʦʞʝ ʜʘ ʩʝ 

ʢʘʞʝ, ʯʝ ʤʠʥʝʨʘʣʠʪʝ ʩʘ ʩʲʦʪʚʝʪʥʦ ʪʝʪʨʘʭʠʜʨʘʪ (ʦʩʘʢʘʠʪ), ʪʨʠʭʠʜʨʘʪ (ʥʘʤʫʠʪ) ʠ 

ʜʠʭʠʜʨʘʪ (ʣʘʥʱʝʡʥʠʪ). 

ʀʟʦʤʦʨʬʠʟʲʤ ZnźCu ʚ ʭʠʜʨʦʢʩʠʜʥʠʷ ʩʣʦʡ 

ʉʧʦʨʝʜ Groat (1996) ʚ ʨʘʤʢʠʪʝ ʥʘ ʭʠʜʨʦʢʩʠʜʥʠʷ ʩʣʦʡ ʥʘ ʥʘʤʫʠʪʘ ʤʦʛʘʪ ʜʘ 

ʚʣʷʟʘʪ ʥʝ ʧʦʚʝʯʝ ʦʪ 1/3 ʤʝʜʥʠ ʢʘʪʠʦʥʠ, ʙʝʟ ʗʥ-ʊʝʣʝʨʦʚʠʷʪ ʝʬʝʢʪ ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ. 

ɿʘ ʧʨʦʚʝʨʢʘ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʩʪʚʘʥʝ ʥʘ Zn
2+

 ʢʘʪʠʦʥ ʚ 

ʭʠʜʨʦʢʩʠʜʥʠʷ ʩʣʦʡ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʥʘʤʫʠʪʘ ʚ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʝ ʧʨʦʚʝʜʝʥ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʦʧʠʪ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʘ ʘʣʢʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʪʚʦʨʠ ʩ ʨʘʟʣʠʯʥʦ 

ʦʪʥʦʰʝʥʠʝ Zn:Cu.  

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩ ʢʦʥʪʨʦʣʠʨʘʥʦ ʧʦʜʘʚʘʥʝ ʥʘ 1M NaOH ʚ 

0.1ʄ ʩʤʝʩʝʥʠ (Zn-Cu) ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʧʦʢʘʟʘʭʘ, ʯʝ ʠʟʦʤʦʨʬʥʠ ʟʘʤʝʩʪʚʘʥʠʷ ʚ 

ʭʠʜʦʢʩʠʜʝʥ ʩʣʦʡ ʩ ʢʘʪʠʦʥʥʠ ʚʘʢʘʥʮʠʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚ ʥʘʤʫʠʪ (ʦʩʘʢʘʠʪ) ʠ 

ʣʘʥʱʝʡʥʠʪ (ʬʠʛ. 7). ɺ Zn-ʭʠʜʨʦʢʩʠʜʥʠʷ ʩʣʦʡ ʥʘ ʪʝʭʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠʟʦʤʦʨʬʥʦ ʩʝ 

ʚʢʣʶʯʚʘʪ ʜʦ 25% ʤʝʜʥʠ ʢʘʪʠʦʥʠ, ʢʦʝʪʦ ʝ ʪʦʯʥʦ 1/3 ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʩʪʝʥʠ 

ʦʢʪʘʝʜʨʠʯʥʠ Zn
2+

 ʦʪ Cu
2+

 ʢʘʪʠʦʥʠ. ʇʦʜʦʙʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʩʠʥʪʝʪʠʯʥʠ ʥʘʤʫʠʪʠ 

ʧʦʣʫʯʘʚʘ ʠ Glibert (1977). ʇʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʪʦʚʘ ʩʘ ʢʘʢʪʦ ʧʦʜʭʦʜʷʱʠʪʝ ʠ ʟʘ ʜʚʘʪʘ 

ʢʘʪʠʦʥʘ ʫʩʣʦʚʠʷ ʥʘ ʫʪʘʷʚʘʥʝ (ʨʅ 6-6.5), ʦʪʥʦʰʝʥʠʝʪʦ Zn:Cu ʚ ʩʤʝʩʝʥʠʪʝ ʨʘʟʪʚʦʨʠ, 

ʪʘʢʘ ʠ ʢʨʠʩʪʘʣʦʩʪʨʫʢʪʫʨʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʤʠʥʝʨʘʣʠʪʝ. ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʣʘʥʱʝʡʥʠʪ ʩ ʠʟʦʤʦʨʬʥʦ ʚʢʣʶʯʝʥʠ Cu
2+

 ʢʘʪʠʦʥʠ ʧʦʢʘʟʚʘ ʠʣʠ ʩʪʘʙʠʣʥʦʩʪ ʥʘ 

ʠʟʦʤʦʨʬʥʦ ʚʢʣʶʯʝʥʠʪʝ Cu
2+

 ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘʤʫʠʪʘ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʤʫ ʚ 
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ʣʘʥʱʝʡʥʠʪ ʠ/ʠʣʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ Cu
2+

 ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʣʘʥʱʝʡʥʠʪʘ 

ʧʨʠ ʩʠʥʪʝʟ ʧʨʠ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʅ. 

 
ʌʠʛ. 7. ʂʨʠʚʠ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʘ ʘʣʢʘʣʠʟʘʮʠʷ ʥʘ ʩʤʝʩʝʥʠ ZnSO4+CuSO4 ʨʘʟʪʚʦʨʠ ʩ ʦʪʥʦʰʝʥʠʝ Zn:Cu= ʘ) 

4:1 ʠ ʙ) 1:1 ʠ ʬʘʟʦʚ ʩʲʩʪʘʚ ʚ ʦʙʣʘʩʪʠʪʝ ʥʘ ʙʫʬʝʨʠʨʘʥʝ ʥʘ ʨʘʟʪʚʦʨʠʪʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʦʙʦʙʱʠ, ʯʝ ʚ ʩʪʨʫʢʪʫʨʠʪʝ ʩ ʭʠʜʨʦʢʩʠʜʥʠ ʩʣʦʝʚʝ ʩ 

ʢʘʪʠʦʥʥʠ ʚʘʢʘʥʮʠʠ (ʥʘʤʫʠʪʦʚ ʩʪʨʫʢʪʫʨʝʥ ʪʠʧ) ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʘʩʪʠʯʝʥ 

ʠʟʦʤʦʨʬʠʟʲʤ ʥʘ Zn
2+

 ʦʪ Cu
2+

 ʢʘʪʠʦʥʠ. 

2.1.2 Zn-ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ ʩ ʛʦʨʜʘʠʪʦʚ ʪʠʧ ʩʪʨʫʢʪʫʨʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʢʘʪʠʦʥʥʠ ʬʦʨʤʠ (Na, Ca, Sr) ʥʘ ʛʦʨʜʘʠʪ  

ɼʠʨʝʢʪʝʥ ʩʠʥʪʝʟ 

Na-ʛʦʨʜʘʠʪ. ʇʦʣʫʯʝʥʠʷʪ ʯʨʝʟ ʜʠʨʝʢʪʝʥ ʩʠʥʪʝʟ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ NaCl ʦʙʨʘʟʝʮ 

ʧʦʢʘʟʚʘ XRD ʜʘʥʥʠ, ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ ʪʦʯʥʦ ʥʘ ʨʝʬʝʨʝʥʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʚ ʙʘʟʘʪʘ 

ʜʘʥʥʠ ʥʘ  ICDD 2001 (Adiwidjaja et al., 1997) ʟʘ ʤʠʥʝʨʘʣʘ ʛʦʨʜʘʠʪ ï PDF ˉ88-

1359. ɺ ʜʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ ʩʝʨʠʷ ʦʪ ʭʘʨʤʦʥʠʯʥʠ ʨʝʬʣʝʢʩʠ ʥʘ 

ʨʘʚʥʠʥʥʘʪʘ ʤʨʝʞʘ 001. ʊʝʟʠ ʨʝʬʣʝʢʩʠ ʚʢʣʶʯʚʘʪ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʜʨʦʢʩʠʜʥʠʷ 

ʩʣʦʡ ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʬʠʛ. 8 ʘ). ʇʨʠ ʛʦʨʜʘʠʪʘ, 

ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʙʘʟʘʣʥʠ ̫ʨʝʬʣʝʢʩ (d001=13.01¡) ʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʪʘʟʠ ʥʘ ʜʦʩʝʛʘ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʮʠʥʢʦʚʠ ʭʠʜʨʦʢʩʠ-ʩʫʣʬʘʪʥʠ ʤʠʥʝʨʘʣʠ (ʦʩʘʢʘʠʪ, ʥʘʤʫʠʪ, 

ʣʘʥʱʝʡʥʠʪ) ʧʦʨʘʜʠ ʪʦʚʘ, ʯʝ ʚ ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʝ ʧʦʤʝʩʪʚʘʪ ʜʚʘ 

[Na(H2O)6]
+
 ʢʦʤʧʣʝʢʩʘ, ʢʦʠʪʦ ʢʦʤʧʝʥʩʠʨʘʪ ʦʪʨʠʮʘʪʝʣʥʠʷ ʟʘʨʷʜ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʭʠʜʨʦʢʩʠʜʥʠʷ ʩʣʦʡ [Zn6
oct
Ǐ

oct
(OH)6(SO4)2Zn2

tetr
(OH)6Cl2]

2-
.  

ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʠʛʦʥʘʣʥʘʪʘ ʩʠʤʝʪʨʠʷ ʥʘ ʤʠʥʝʨʘʣʘ, ʥʘ SEM 

ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʝ ʚʠʞʜʘ, ʯʝ ʢʨʠʩʪʘʣʠʪʝ ʥʘ Na-ʛʦʨʜʘʠʪ ʩʘ ʬʠʥʦʧʣʦʯʝʩʪʠ ʩ 

ʭʝʢʩʘʛʦʥʘʣʥʠ ʦʯʝʨʪʘʥʠʷ ʠ ʩ ʨʘʟʤʝʨʠ ʚ ʥʘʧʨʝʯʥʠ ʩʝʯʝʥʠʷ 10ï20 ɛm ʠ ʜʝʙʝʣʠʥʘ ʦʪ 

0.2 ʜʦ 0.5 ɛm (ʬʠʛ. 8 ʘ).  

ʉʘ-ʛʦʨʜʘʠʪ. ɼʘʥʥʠʪʝ ʦʪ ʧʨʘʭʦʚʘʪʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʥʘ ʦʙʨʘʟʝʮʘ ʧʦʣʫʯʝʥ ʯʨʝʟ 

ʜʠʨʝʢʪʝʥ  ʩʠʥʪʝʟ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ ʉʘʆ ʦʪʛʦʚʘʨʷʪ ʪʦʯʥʦ ʥʘ ʨʝʬʝʨʝʥʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ 

ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ ʥʘ ICDD 2001 (Burns et al., 1998) ʟʘ ʩʲʝʜʠʥʝʥʠʝʪʦ 
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CaZn8(OH)12(SO4)2Cl2·9H2O - PDF ˉ88-0751. ʆʪ ʠʟʤʝʨʝʥʠʷ ʙʘʟʘʣʝʥ ʨʝʬʣʝʢʩ 006 

ʩʝ ʚʠʞʜʘ, ʯʝ ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʩʚʠʪʦ ʦʪ ʪʦʚʘ ʥʘ Na-

ʛʦʨʜʘʠʪ, ʚʲʧʨʝʢʠ ʯʝ ʉʘ
2+

 ʢʘʪʠʦʥ ʝ ʢʦʦʨʜʠʥʠʨʘʥ ʩ 9 ʤʦʣʝʢʫʣʠ ʅ2ʆ (ʬʠʛ. 8 ʙ). ʊʦʚʘ 

ʩʝ ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, ʯʝ  ʝʜʠʥ [ʉʘ(H2O)9]
2+

 ʢʦʤʧʣʝʢʩ ʢʦʤʧʝʥʩʠʨʘ ʟʘʨʷʜʘ ʥʘ ʩʣʦʷ. 

 
ʌʠʛ. 8. ʇʨʘʭʦʚʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʮʠʷ ʠ SEM ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ a) Na-ʛʦʨʜʘʠʪ ʧʦʣʫʯʝʥ ʦʪ ʜʠʨʝʢʪʝʥ 

ʩʠʥʪʝʟ ʠ ʙ) ʥʘ Ca-ʛʦʨʜʘʠʪ ʧʦʣʫʯʝʥ ʦʪ ʜʠʨʝʢʪʝʥ ʩʠʥʪʝʟ  

ʉʘ ʛʦʨʜʘʠʪ ʩʲʱʦ ʠʤʘ ʪʨʠʛʦʥʘʣʥʘ ʩʠʤʝʪʨʠʷ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʬʦʨʤʘʪʘ ʥʘ 

ʢʨʠʩʪʘʣʠʪʝ ʤʫ ʝ ʩʭʦʜʥʘ ʩ ʪʘʟʠ ʥʘ ʛʦʨʜʘʠʪʘ ï ʭʝʢʩʘʛʦʥʘʣʥʠ ʦʯʝʨʪʘʥʠʷ, ʥʦ ʩ ʧʦ-

ʨʷʜʢʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʨʦʟʦʚʠʜʥʠ ʘʛʨʝʛʘʪʠ (ʬʠʛ. 8 ʙ).  

ʏʨʝʟ ʜʠʨʝʢʪʝʥ ʩʠʥʪʝʟ ʦʙʘʯʝ Sr-ʬʦʨʤʘ ʥʘ ʛʦʨʜʘʠʪ ʥʝ ʩʝ ʧʦʣʫʯʠ. ɺ ʧʨʦʜʫʢʪʘ ʩ 

ʫʯʘʩʪʠʝ ʥʘ SrCl2 ʩʝ ʨʝʛʠʩʪʨʠʨʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʩʠʤʦʥʢʦʣʝʠʪ (Zn5(OH)8Cl2·H2O) ʠ 

ʮʝʣʝʩʪʠʥ (SrSO4). ʊʘʢʘʚʘ ʬʦʨʤʘ ʩʝ ʧʦʣʫʯʠ ʧʨʠ ʡʦʥʦʦʙʤʝʥʥʠ ʨʝʘʢʮʠʠ. 

ʁʦʥʝʥ ʦʙʤʝʥ 

Sr-ʛʦʨʜʘʠʪ. ʍʠʤʠʯʥʠʷʪ ʩʲʩʪʘʚ (ʦʧʨʝʜʝʣʝʥ ʩ EDS) ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʧʦʣʫʯʝʥʠ 

ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ Na- ʠ ʉʘ-ʛʦʨʜʘʠʪ ʩʲʩ SrCl2 ʧʦʢʘʟʘ ʧʨʠʩʲʩʪʚʠʝ ʥʘ Sr. 

ɼʘʥʥʠʪʝ ʦʪ ʭʠʤʠʯʥʠʷ ʘʥʘʣʠʟ ʥʘ ʧʨʦʜʫʢʪʘ ʧʦʣʫʯʝʥ ʦʪ ʨʝʘʢʮʠʷ ʥʘ ʉʘ-ʛʦʨʜʘʠʪ ʩʲʩ 

SrCl2 ʜʘʚʘʪ ʭʠʤʠʯʥʘ ʬʦʨʤʫʣʘ Sr0.85Ca0.15Zn8(OH)12(SO4)2Cl2Ā9H2O, ʘ ʪʦʟʠ ʦʪ Na- 

ʛʦʨʜʘʠʪ ʝ SrZn8(OH)12(SO4)2Cl2Ā9H2O. 
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ʇʨʘʭʦʚʘʪʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʮʠʷ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʦʪʚʲʨʜʠ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ Sr 

ʬʦʨʤʘ ʥʘ ʛʦʨʜʘʠʪʘ. ʇʨʘʭʦʚʠʪʝ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʧʦʣʫʯʝʥʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʜʚʘʪʘ ʛʦʨʜʘʠʪʦʚʠ ʤʠʥʝʨʘʣʘ ʩ ʨʘʟʪʚʦʨ ʥʘ SrCl2 ʩʘ ʠʜʝʥʪʠʯʥʠ 

(ʌʠʛ. 9). ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʨʝʬʣʝʢʩʠ ʧʦʢʘʟʚʘ ʛʦʣʷʤʦ ʩʭʦʜʩʪʚʦ ʥʘ 

ʜʠʬʨʘʢʮʠʦʥʥʘʪʘ ʢʘʨʪʠʥʘ ʥʘ ʪʝʟʠ ʧʨʦʜʫʢʪʠ ʩ ʪʘʟʠ ʥʘ ʉʘ-ʛʦʨʜʘʠʪ, ʦʩʦʙʝʥʦ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʤʝʞʜʫʧʣʦʩʢʦʩʪʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʥʝʙʘʟʘʣʥʠʪʝ 

ʨʝʬʣʝʢʩʠ. ʇʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʨʝʬʣʝʢʩʠʪʝ 2.71 ¡ ʠ 1.57 ¡ (ʌʠʛ. 9) ʧʦʢʘʟʚʘ, ʯʝ 

ʭʠʜʨʦʢʩʠʜʥʠʷʪ ʩʣʦʡ ʝ ʥʝʧʨʦʤʝʥʝʥ.  

 
ʌʠʛ. 9. ʇʨʘʭʦʚʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʘ, ʙ) ʠ SEM ʬʦʪʦʛʨʘʬʠʠ (ʚ, ʛ) ʥʘ ʠʟʭʦʜʥʠ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʜʫʢʪʠ 
ʧʦʣʫʯʝʥʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ Na-ʛʦʨʜʘʠʪ ʩ ʨʘʟʪʚʦʨ ʥʘ SrCl2 ʠ Ca-ʛʦʨʜʘʠʪ ʩ ʨʘʟʪʚʦʨ ʥʘ SrCl2 

ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦ-ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ ʥʘ ʧʲʨʚʠʷ ʙʘʟʘʣʝʥ ʨʝʬʣʝʢʩ, ʢʦʝʪʦ ʩʝ 

ʜʲʣʞʠ ʥʘ ʧʦ-ʛʦʣʝʤʠʷ ʡʦʥʝʥ ʨʘʜʠʫʩ ʥʘ Sr
2+

 (1.20 ¡) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʥʘ ʉʘ
2+

 

(1.04 ¡). ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʠ ʠʥʪʝʥʟʠʪʝʪʥʠ ʨʘʟʣʠʢʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʜʲʣʞʘʪ 

ʥʘ ʧʦ-ʛʦʣʝʤʠʷ ʘʪʦʤʝʥ ʬʘʢʪʦʨ ʥʘ ʨʘʟʩʝʡʚʘʥʝ ʥʘ Sr
2+

 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʥʘ ʉʘ
2+

.  

ɿʘ ʜʘ ʩʝ ʜʘʜʝ ʥʷʢʘʢʚʘ ʷʩʥʦʪʘ ʟʘ ʧʨʦʮʝʩʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʠʟʭʦʜʥʠʪʝ 

ʤʠʥʝʨʘʣʠ ʚ Sr-ʛʦʨʜʘʠʪ, ʙʷʭʘ ʥʘʙʣʶʜʘʚʘʥʠ ʤʦʨʬʦʣʦʛʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʯʨʝʟ 

ʩʢʘʥʠʨʘʱʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ (SEM). ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ (ʬʠʛ. 

9 ʚ, ʛ) ʧʦʢʘʟʚʘʪ ʧʲʣʥʦ ʟʘʧʘʟʚʘʥʝ ʥʘ ʬʦʨʤʠʪʝ ʥʘ ʢʨʠʩʪʘʣʠʪʝ ʥʘ ʠʟʭʦʜʥʠʪʝ ʛʦʨʜʘʠʪʠ 

ʙʝʟ ʩʣʝʜʠ ʦʪ ʨʘʟʪʚʘʨʷʥʝ ʠ ʧʦʩʣʝʜʚʘʱʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ. ʊʦʚʘ ʦʪʛʦʚʘʨʷ ʥʘ 

ʧʨʦʪʠʯʘʥʝʪʦ ʥʘ ʪʠʧʠʯʝʥ ʡʦʥʝʥ ʦʙʤʝʥ ʯʨʝʟ ʪʦʧʦʪʘʢʪʠʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. 

ɿʘ ʚʩʠʯʢʠ ʪʠʧʠʯʥʠ ʡʦʥʦ-ʦʙʤʝʥʥʠ ʧʨʦʮʝʩʠ ʝ ʭʘʨʘʢʪʝʨʥʘ ʪʷʭʥʘʪʘ ʦʙʨʘʪʠʤʦʩʪ.  

ʇʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʥʘʩʪʦʷʱʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʪʚʲʨʜʠʭʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʦʙʨʘʪʠʤʠ ʡʦʥʦʦʙʤʝʥʥʠ ʨʝʘʢʮʠʠ ʤʝʞʜʫ Na ʠ ʉʘ ʛʦʨʜʘʠʪʠ, 

ʢʦʝʪʦ ʝ ʩʲʦʙʱʘʚʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ (Maruyama et al., 2017a; Maruyama et al., 

2017b; Stanimirova, 2019). ʅʘ SEM ʩʝ ʚʠʞʜʘ ʟʘʧʘʟʚʘʥʝ ʥʘ ʤʦʨʬʦʣʦʛʠʯʥʠ 

ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʢʨʠʩʪʘʣʠʪʝ ʥʘ ʠʟʭʦʜʥʠʪʝ ʛʦʨʜʘʠʪʠ (ʌʠʛ. 10). 
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ʌʠʛ. 10 SEM ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʠʟʭʦʜʥʠ ʠ ʡʦʥʦʦʙʤʝʥʥʠ ʬʦʨʤʠ ʥʘ ʛʦʨʜʘʠʪ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʧʦʢʘʟʚʘʪ ʦʙʨʘʪʠʤʦʩʪ ʠ ʥʘ ʦʙʤʝʥʘ ʥʘ Sr
2+

 ʩ 

ʜʨʫʛʠʪʝ ʜʚʘ ʢʘʪʠʦʥʘ Na
+
 ʠ ʉʘ

2+
, ʢʘʪʦ Sr

2+
 ʫʩʧʝʰʥʦ ʩʝ ʟʘʤʝʩʪʚʘʪ ʦʪ ʉʘ

2+
 ʠʣʠ Na

+
 

ʢʘʪʠʦʥʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʭʣʦʨʠʜʥʠ ʨʘʟʪʚʦʨʠ (ʬʠʛ. 11). ɺ 

ʢʠʥʝʪʠʯʥʦ ʦʪʥʦʰʝʥʠʝ, ʦʙʨʘʪʠʤʠʷʪ ʦʙʤʝʥ ʥʘ ʉʘźSr ʧʨʦʪʠʯʘ ʥʘʧʲʣʥʦ ʠ ʚ ʜʚʝʪʝ 

ʧʦʩʦʢʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʚʨʝʤʝʪʦ ʦʪ 72 ʯʘʩʘ, ʟʘ ʢʦʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʙʨʘʪʠʤʠʷʪ ʦʙʤʝʥ ʥʘ NʘźSr ʦʙʘʯʝ ʧʨʦʪʠʯʘ ʩ ʨʘʟʣʠʯʥʘ ʩʢʦʨʦʩʪ. ɿʘʤʝʩʪʚʘʥʝʪʦ ʥʘ 

Na
+
 ʩ Sr

2+
 ʧʨʦʪʠʯʘ ʥʘʧʲʣʥʦ, ʜʦʢʘʪʦ ʦʙʨʘʪʥʠʷʪ ʧʨʦʮʝʩ ʥʝ ʝ ʟʘʚʲʨʰʠʣ ʥʘʧʲʣʥʦ ʟʘ 

ʚʨʝʤʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʙʣʶʜʘʚʘʥʦʪʦ ʧʦ-ʙʘʚʥʦ ʥʘʚʣʠʟʘʥʝ ʥʘ Na
+
 ʢʘʪʠʦʥʠ ʚ 

ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʷʤʦʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʥʘʪʨʠʝʚʠ ʢʘʪʠʦʥʠ, ʢʘʢʪʦ ʠ ʧʦ-ʛʦʣʷʤʦʪʦ ʫʩʠʣʠʝ, 

ʢʦʝʪʦ ʩʝ ʠʟʠʩʢʚʘ ʜʘ ʩʝ ʦʪʚʦʨʠ ʤʝʞʜʫʩʣʦʷ ʦʪ 11.7 ʜʦ 12.9-13.0 Å.   

 

ʌʠʛ. 11. Sɽʄ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ Ca- ʠ Sr-ʛʦʨʜʘʠʪʠ, ʧʦʣʫʯʝʥʠ ʧʨʠ ʦʙʨʘʪʠʤʠ ʡʦʥʦʦʙʤʝʥʥʠ ʨʝʘʢʮʠʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʥʘ ʘʥʠʦʥʥʘ Br-ʬʦʨʤʘ  

ʆʪ ʧʨʝʜʚʠʜʝʥʠʪʝ ʘʥʠʦʥʥʠ ʬʦʨʤʠ (F, Br, I) ʥʘ ʛʦʨʜʘʠʪ, ʫʩʧʝʰʥʦ ʙʝʰʝ 

ʧʦʣʫʯʝʥʘ ʩʘʤʦ Br-ʬʦʨʤʘ ʥʘ ʛʦʨʜʘʠʪʘ. ʌʦʨʤʘʪʘ ʝ ʧʦʣʫʯʝʥʘ ʢʘʢʪʦ ʯʨʝʟ ʜʠʨʝʢʪʝʥ 

ʩʠʥʪʝʟ, ʪʘʢʘ ʠ ʯʨʝʟ ʡʦʥʝʥ ʦʙʤʝʥ. ʇʨʘʭʦʚʘʪʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʨʦʜʫʢʪa 

ʧʦʣʫʯʝʥ ʦʪ ʜʠʨʝʢʪʥʠʷ ʩʠʥʪʝʟ ʧʦʢʘʟʚʘ, ʯʝ ʠʟʩʣʝʜʚʘʥʠʷʪ ʤʘʪʝʨʠʘʣ ʝ ʯʠʩʪ ʠ ʜʦʙʨʝ 

ʠʟʢʨʠʩʪʘʣʠʟʠʨʘʣ (ʬʠʛ. 12). ɼʠʬʨʘʢʪʦʛʨʘʤʘʪʘ ʥʘ ʧʨʦʜʫʢʪʘ ʝ ʙʣʠʟʢʘ ʜʦ 

ʜʠʬʨʘʢʮʠʦʥʥʘʪʘ ʢʘʨʪʠʥʘ ʥʘ ʛʦʨʜʘʠʪʘ. ɺʝʨʦʷʪʥʦ ʧʦʜʦʙʥʠʪʝ ʢʨʠʩʪʘʣʦʭʠʤʠʯʥʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ Br ʠ I, ʢʘʪʦ ʡʦʥʝʥ ʨʘʜʠʫʩ 1.95 Å ʟʘ (Br
-
) ʠ 1.81 Å ʟʘ (Cl

-
), ʨʅ ʥʘ 

ʭʣʦʨʠʜʥʠʪʝ ʠ ʙʨʦʤʠʜʥʠʪʝ ʨʘʟʪʚʦʨʠ, ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʟʘʝʤʘʥʝ ʦʪ Br
-
 ʘʥʠʦʥ ʥʘ 

ʘʧʠʢʘʣʥʘ ʪʝʪʨʘʝʜʨʠʯʥʘ ʧʦʟʠʮʠʷ ʥʘ ʦʢʪʘʝʜʨʠʯʥʦ-ʪʝʪʨʘʝʜʨʠʯʥʠʪʝ ʩʣʦʝʚʝ ʚ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʦʨʜʘʠʪʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʠʟʦʤʦʨ ʥʘ ʙʨʦʤʘ ʜʘ ʟʘʤʝʩʪʠ ʭʣʦʨʘ ʚ 

ʩʲʱʘʪʘ.  

 
ʌʠʛ. 12. ʇʨʘʭʦʚʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʮʠʷ ʥʘ: a) ʛʦʨʜʘʠʪ, ʙ) Br-ʛʦʨʜʘʠʪ ʚ) ʠ ʛ) ʨʘʚʥʠʥʠ, ʚ ʢʦʠʪʦ 

ʧʨʠʩʲʩʪʚʘ Br- 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦ-ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ ʥʘ ʙʘʟʘʣʥʠʷ ʨʝʬʣʝʢʩ ʥʘ Br ʬʦʨʤʘ 

d001=13.1¡ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ ʥʘ ʛʦʨʜʘʠʪʘ d001=13.01¡ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩʲʩ 

ʨʘʟʣʠʢʠʪʝ ʚ ʡʦʥʥʠʪʝ ʨʘʜʠʫʩʠ. ɿʘʝʤʘʥʝʪʦ ʥʘ ʘʧʠʢʘʣʥʘʪʘ ʧʦʟʠʮʠʷ ʥʘ ʪʝʪʨʘʝʜʲʨʘ ʦʪ 

ʭʠʜʨʦʢʩʢʠʜʥʠʷ ʩʣʦʡ ʩʝ ʤʘʨʢʠʨʘ ʦʪ  ʥʘʙʣʶʜʘʚʘʥʦʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʠʪʝ 

ʥʘ ʨʝʬʣʝʢʩʠʪʝ ʦʪʨʘʟʷʚʘʱʠ ʨʘʚʥʠʥʠʪʝ, ʚ ʢʦʠʪʦ ʣʝʞʠ Br, ʧʦʨʘʜʠ ʧʦ-ʛʦʣʝʤʠʷʪ ʤʫ 

ʘʪʦʤʝʥ ʬʘʢʪʦʨ ʥʘ ʨʘʟʩʝʡʚʘʥʝ.  

  

ʌʠʛ.13. SEM ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʭʠʤʠʯʝʥ ʘʥʘʣʠʟ 

ʟʘ ʦʢʩʠʜʠ ʟʘ Br-ʛʦʨʜʘʠʪ    

ʆʩʚʝʥ ʠʜʝʥʪʠʯʥʘ ʜʠʬʨʘʢʮʠʦʥʥʘ ʢʘʨʪʠʥʘ 

ʤʝʞʜʫ ʛʦʨʜʘʠʪ ʠ Br-ʛʦʨʜʘʠʪ, ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʧʦʣʫʯʝʥʠ ʧʨʠ SEM ʘʥʘʣʠʟ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʠ ʠʜʝʥʪʠʯʥʘ ʤʦʨʬʦʣʦʛʠʷ. Br-

ʛʦʨʜʘʠʪʘ ʩʲʱʦ ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʧʣʦʯʝʩʪʠ ʜʦ 

ʠʟʜʲʣʞʝʥʠ ʢʨʠʩʪʘʣʠ ʩ ʭʝʢʩʘʛʦʥʘʣʥʠ 

ʦʯʝʨʪʘʥʠʷ (ʬʠʛ. 13) ʩ ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ 5ï

10Õm ʠ ʜʝʙʝʣʠʥʘ 0.2ï0.5µm. ɼʘʥʥʠʪʝ ʦʪ 

ʭʠʤʠʯʥʠʷ ʘʥʘʣʠʟ ʟʘ ʦʢʩʠʜʠ ʧʦʢʘʟʚʘ 

ʧʨʠʩʲʩʪʚʠʝ Zn, S ʠ Br ʚ ʩʲʩʪʘʚʘ. 
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ʊʝʨʤʠʯʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʥʦʚʠʪʝ ʢʘʪʠʦʥʥʘ Sr-ʚʘ ʠ ʘʥʠʦʥʥʘ Br-ʥʘ ʬʦʨʤʘ ʥʘ 

ʛʦʨʜʘʠʪ 

ʅʘʣʠʯʠʝʪʦ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʫʩʧʝʰʝʥ ʢʘʪʠʦʥʝʥ ʠ ʘʥʠʦʥʝʥ 

ʦʙʤʝʥ, ʧʦʩʪʘʚʷ ʚʲʧʨʦʩʘ ʢʘʢʚʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʦʙʤʝʥʠʤʠʪʝ ʡʦʥʠ (ʢʘʪʠʦʥʠ ʠ 

ʘʥʠʦʥʠ) ʚʲʨʭʫ ʪʝʨʤʠʯʥʘʪʘ ʜʝʢʦʤʧʦʟʠʮʠʷ.  

Sr-ʛʦʨʜʘʠʪ 

ʇʦ ʦʥʪʦʰʝʥʠʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʠ ʦʪʜʝʣʝʥʠʪʝ 

ʣʝʪʣʠʚʠ ʢʦʤʧʦʥʝʥʪʠ, ʪʝʨʤʠʯʥʠʷʪ ʧʨʦʬʠʣ ʥʘ Sr ʬʦʨʤʘ ʥʘ ʛʦʨʜʘʠʪ ʝ ʧʦʜʦʙʝʥ ʥʘ 

ʪʦʟʠ ʥʘ Ca-ʪʘ ʬʦʨʤʘ, ʢʦʝʪʦ ʧʦʜʪʚʲʨʞʘʚʘ ʩʪʨʫʢʪʫʨʥʦʪʦ ʩʭʦʜʩʪʚʦ ʥʘ ʜʚʝʪʝ ʬʘʟʠ. 

ʅʘʙʣʶʜʘʚʘʥʠʪʝ ʧʨʦʮʝʩʠ ʩʘ ʜʝʭʠʜʨʘʪʘʮʠʷ, ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷ ʠ ʦʪʜʝʣʷʥʝ ʥʘ SO2, 

Cl2 ʠ ʆ2 (ʬʠʛ. 14 ʘ, ʪʘʙʣʠʮʘ 2).  

a ʙ 
ʌʠʛ. 14. DTA-TG-MS ʘʥʘʣʠʟ ʥʘ: ʘ) Sr-ʛʦʨʜʘʠʪ; ʙ) ʪʝʨʤʠʯʝʥ ʧʨʦʬʠʣ ʥʘ ʜʝʭʠʜʨʘʪʘʮʠʷ ʥʘ Ca, Na ʠ Sr 

ʬʦʨʤʠ ʥʘ ʛʦʨʜʘʠʪʘ  

ʆʩʥʦʚʥʠʪʝ ʨʘʟʣʠʢʠ, ʢʦʠʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʩʘ: 1) ʨʘʟʣʠʯʝʥ ʭʦʜ ʥʘ 

ʜʝʭʠʜʨʘʪʘʮʠʷ; 2) ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʉʘ-ʛʦʨʜʘʠʪ, ʧʨʠ ʢʦʡʪʦ ʩʣʝʜ ʧʨʦʮʝʩʘ ʥʘ ʧʲʨʚʠʷ ʝʪʘʧ 

ʥʘ ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷ ʩʝ ʦʙʨʘʟʫʚʘʪ ʠ Zn ʠ ʉʘ ʚʪʦʨʠʯʥʠ ʭʠʜʨʦʢʩʠʜʥʠ ʬʘʟʠ 

(Zn3(OH)2(SO4)2, b-Zn(OH)Cl ʠ Ca(OH)2), ʧʨʠ Sr-ʛʦʨʜʘʠʪ, Sr
2+

 ʢʘʪʠʦʥ ʜʠʨʝʢʪʥʦ 

ʦʙʨʘʟʫʚʘ ʮʝʣʝʩʪʠʥ (SrSO4), ʙʝʟ ʜʘ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʭʠʜʨʦʢʩʠʜʥʘ ʬʘʟʘ; 3) 

ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷʪʘ ʥʘ ʚʪʦʨʠʯʥʠʪʝ Zn-ʦʚʠ ʭʠʜʨʦʢʩʠ-ʩʦʣʥʠ ʬʘʟʠ ʷʩʥʦ ʩʝ 

ʨʘʟʛʨʘʥʠʯʘʚʘʪ.  

ʆʮʝʥʢʘʪʘ ʥʘ ʨʦʣʷʪʘ ʥʘ ʤʝʞʜʫʩʣʦʝʚʠʪʝ ʢʘʪʠʦʥʠ (Na, Ca ʠ Sr) ʚʲʨʭʫ 

ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʯʨʝʟ ʜʝʪʘʡʣʝʥ ʪʝʨʤʠʯʝʥ ʘʥʘʣʠʟ ʥʘ 

ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠʷ ʨʝʛʠʦʥ 25-215Áʉ (ʬʠʛ. 14 ʙ). ɸʥʘʣʠʟʲʪ ʧʦʢʘʟʘ, ʯʝ 
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ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʥʘ ʤʝʞʜʫʩʣʦʷ ʧʨʠ Ca-ʛʦʨʜʘʠʪ ʥʘʩʪʲʧʚʘ ʧʦ-ʙʲʨʟʦ ʠ ʚ ʧʦ-ʪʝʩʝʥ 

ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ 20-200ęʉ ʚʲʧʨʝʢʠ, ʯʝ ʭʠʜʨʘʪʥʘʪʘ ʦʙʚʠʚʢʘ ʥʘ Ca ʢʘʪʠʦʥ ʝ 

ʦʪ 9 H2O ʤʦʣʝʢʫʣʠ, ʘ ʟʘ Na-ʛʦʨʜʘʠʪ, ʢʲʜʝʪʦ  Na ʢʘʪʠʦʥ ʝ ʢʦʦʨʜʠʥʠʨʘʥ ʩ 6 H2O 

ʤʦʣʝʢʫʣʠ, ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʥʝ ʩʘʤʦ ʧʦʚʝʯʝ ʚʨʝʤʝ, ʥʦ ʠ ʧʦ-ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ 20-

215ęʉ.  ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʜʚʘ [Na(H2O)6]
+ 
ʢʦʤʧʣʝʢʩʘ ʚ 

ʤʝʞʜʫʩʣʦʝʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʍʠʜʨʘʪʥʘʪʘ ʦʙʚʠʚʢʘ ʥʘ Sr ʩʲʱʦ ʝ ʦʪ 9 H2O 

ʤʦʣʝʢʫʣʠ ʠ ʧʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʥʘ Sr-ʛʦʨʜʘʠʪ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʩʨʘʚʥʝʥʘ ʩ ʪʘʟʠ ʥʘ Ca-ʛʦʨʜʘʠʪ. ʆʩʚʝʥ ʪʦʚʘ ʠ ʚ ʜʚʝʪʝ ʩʪʨʫʢʪʫʨʠ ʚ ʤʝʞʜʫʩʣʦʝʚʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʩʲʩʪʚʘ ʝʜʠʥ ʢʘʪʠʦʥ-ʚʦʜʝʥ ʢʦʤʧʣʝʢʩ. ʇʨʠ ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʥʘ Sr 

ʬʦʨʤʘ ʚ ʨʝʛʠʦʥʘ 20-180ęʉ ʩʝ ʦʪʜʝʣʷʪ 6.5H2O ʚʦʜʥʠ ʤʦʣʝʢʫʣʠ 

ʊʘʙʣʠʮʘ 2. ɽʪʘʧʠ ʠ ʧʨʦʮʝʩʠ ʥʘ ʪʝʨʤʠʯʥʘʪʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ Sr-ɻʦʨʜʘʠʪ ʩʲʛʣʘʩʥʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ 

DTA ʝʬʝʢʪʠ ʠ ʟʘʛʫʙʘ ʥʘ ʪʝʛʣʦ 

DTA-
ʝʬʝʢʪ 

ʟʘʛʫʙʘ ʥʘ 
ʪʝʛʣʦ, % 

ʈʝʘʢʮʠʠ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ Sr-ɻʦʨʜʘʠʪ 

1 
9.6 % 

6.5 H2O 
SrZn8(OH)12(SO4)2Cl2·9H2O ½½½ ½ - Co17020

SrZn8(OH)12(SO4)2Cl2·2.5H2O + 

6.5H2Oŷ 

2 
10.6 % 

7 H2O 
SrZn8(OH)12(SO4)2Cl2·2.5H2O ½½½ ½

- Co260170
0.5Zn3(OH)2(SO4)2 + 2ɓ-Zn(OH)Cl  

+ 4.5ZnO + SrSO4 + 7H2Oŷ 

3 
1.5 % 

1 H2O 
0.5Zn3(OH)2(SO4)2 + 2ɓ-Zn(OH)Cl + 4.5ZnO + SrSO4 ½½½ ½

- Co400260

0.5Zn3(OH)2(SO4)2 + SrSO4 + ZnCl2 + 5.5ZnO + 1 H2Oŷ 

4 
0.7 % 

0.5 H2O 
0.5Zn3(OH)2(SO4)2 + ZnCl2 +4.5ZnO + SrSO4 ½½½ ½

- Co400260
0.5Zn3O(SO4)2 + 

SrSO4 + ZnCl2 + 5.5ZnO + 0.5 H2Oŷ 

5 
5.3 % 

0.9 Cl2 
0.5Zn3O(SO4)2 + SrSO4 + ZnCl2 + 5.5ZnO ½½½ ½

- Co700400
0.5Zn3O(SO4)2 + 

6.5ZnO + SrSO4 + Cl2ŷ 

6 

7.5 % 

1.0 SO2  

0.5 O2 
0.5Zn3O(SO4)2 + 6.5ZnO+SrSO4 ½½½½ ½

- Co1000700
8ZnO+ SrSO4 + SO2ŷ + 0.5O2ŷ 

ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʲʱʠʷ ʨʝʛʠʦʥ ʥʘ Ca ʬʦʨʤʘ, ʢʲʜʝʪʦ ʩʝ ʦʪʜʝʣʷʪ 3.5 H2O ʚʦʜʥʠ 

ʤʦʣʝʢʫʣʠ. ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦ-ʥʠʩʢʠʷ ʡʦʥʝʥ ʧʦʪʝʥʮʠʘʣ ʟʘ Sr ʢʘʪʠʦʥ, 

ʢʦʝʪʦ ʩʧʦʩʦʙʩʪʚʘ ʠ ʧʦ-ʣʝʩʥʦʪʦ ʠʟʣʠʟʘʥʝ ʥʘ ʚʦʜʥʠʪʝ ʤʦʣʝʢʫʣʠ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 

ʧʨʦʮʝʩʘ.  

Br-ʛʦʨʜʘʠʪ 

ʇʦʣʫʯʝʥʘʪʘ ʘʥʠʦʥʥʘ (Br) ʬʦʨʤʘ ʥʘ ʤʠʥʝʨʘʣʘ ʛʦʨʜʘʠʪ ʝ ʠʟʩʣʝʜʚʘʥʘ ʩ ʧʦʤʦʱʘ 

ʥʘ DSC-TG-MS ʘʥʘʣʠʟʘ (ʬʠʛ. 15 ʘ). ʀʟʩʣʝʜʚʘʥ ʝ ʬʘʟʦʚʠʷ ʠ ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ ʥʘ 

ʤʝʞʜʠʥʥʠʪʝ ʠ ʢʨʘʡʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʥʘʛʨʷʚʘʥʠʪʝ ʦʙʨʘʟʮʠ (ʬʠʛ. 15 ʙ). ʇʦʣʫʯʝʥʠʪʝ 

ʜʘʥʥʠ ʩʘ ʩʨʘʚʥʝʥʠ ʩ ʠʟʚʝʩʪʥʠʪʝ ʜʘʥʥʠ ʟʘ ʤʠʥʝʨʘʣʘ ʛʦʨʜʘʠʪ, ʟʘ ʜʘ ʩʝ ʧʨʦʫʯʠ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʠʜʘ ʘʥʠʦʥ ʢʘʢʪʦ ʚʲʨʭʫ ʪʝʨʤʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ, ʪʘʢʘ ʠ ʚʲʨʭʫ 

ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʨʘʟʣʘʛʘʥʝ. 

ɺʩʠʯʢʠ ʩʲʙʠʪʠʷ, ʢʦʠʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʘ DSC ʢʨʠʚʘʪʘ ʩʘ ʝʥʜʦʪʝʨʤʠʯʥʠ (ʬʠʛ. 

15 ʘ). ʉʝʨʠʷʪʘ ʦʪ ʣʝʪʣʠʚʠ ʢʦʤʧʦʥʝʥʪʠ (H2O, OH
-
, Br

-
, SO4

2-
) ʫʯʘʩʪʚʘʱʠ ʚ ʩʲʩʪʘʚʘ 
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ʥʘ ʬʘʟʘʪʘ ʧʦʢʘʟʚʘʪ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʦʮʝʩʠ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ 

(ʜʝʭʠʜʨʘʪʘʮʠʷ, ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷ ʠ ʦʪʜʝʣʷʥʝ ʥʘ Br2, SO2 ʠ O2). ɺ ʪʘʙʣʠʮʘ 3 ʩʘ 

ʧʦʢʘʟʘʥʠ ʨʝʘʢʮʠʠʪʝ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʷʭ ʧʨʦʮʝʩʠ ʠ ʧʨʦʜʫʢʪʠ ʥʘ ʪʝʨʤʠʯʥʘ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʚ ʦʧʨʝʜʝʣʝʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʠʥʪʝʨʚʘʣʠ. ɺʠʞʜʘ ʩʝ ʝʜʥʦ ʜʦʙʨʦ 

ʩʲʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʣʫʯʝʥʠʪʝ ʪʝʛʣʦʚʥʠ ʟʘʛʫʙʠ ʧʦ ʚʨʝʤʝ ʥʘ 

ʥʘʛʨʷʚʘʥʝ ʠ ʠʟʯʠʩʣʝʥʠʪʝ ʪʝʦʨʝʪʠʯʥʠ. 

 ʆʪʢʨʠʚʘʪ ʩʝ ʢʘʢʪʦ ʦʙʱʠ, ʪʘʢʘ ʠ ʨʘʟʣʠʯʥʠ ʯʝʨʪʠ ʚ ʪʝʨʤʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʠ 

ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʤʝʞʜʫ ʛʦʨʜʘʠʪʘ ʠ ʙʨʦʤʥʠʷ ʤʫ ʘʥʘʣʦʛ. ɺ ʧʨʘʭʦʚʘʪʘ 

XRD ʜʠʬʨʘʢʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪ ʧʨʠ ʥʘʛʨʷʚʘʥʝ ʥʘ 180Áʉ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʪ 

ʥʘʩ ʦʙʨʘʟʝʮ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʣʠʯʠʝ ʥʘ ʢʨʠʩʪʘʣʥʘ ʬʘʟʘ ʩʲʩ ʩʣʦʝʩʪʘ ʩʪʨʫʢʪʫʨʘ.  

 a ʙ 

ʌʠʛ. 15. ɼʘʥʥʠ ʟʘ: a) ʪʝʨʤʠʯʝʥ ʘʥʘʣʠʟ (DSC-TG(DTG)-MS) ʟʘ Br-ʛʦʨʜʘʠʪ ʠ ʙ) ʇʨʘʭʦʚʘ ʨʝʥʪʛʝʥʦʚʘ 

ʜʠʬʨʘʢʮʠʷ ʥʘ ʠʟʭʦʜʝʥ ʠ ʪʝʨʤʠʯʥʦ ʪʨʝʪʠʨʘʥ Br-ʛʦʨʜʘʠʪ 

ʇʦʜʦʙʥʘ ʩʣʦʝʩʪʘ ʩʪʨʫʢʪʫʨʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʧʨʠ ʪʝʨʤʠʯʥʘʪʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ 

ʛʦʨʜʘʠʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ (160-200ęʉ). ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʪʘʟʠ ʬʘʟʘ ʝ 

ʧʦʜʧʨʷʥʘ ʦʪ ʯʘʩʪʠʯʥʦ ʜʝʭʠʜʨʘʪʠʨʘʥ [Na(H2O)x]
+
 ʢʦʤʧʣʝʢʩ, ʢʲʜʝʪʦ ʭ = 1õ3 ʢʘʪʦ ʝ 

ʜʦʢʘʟʘʥʦ, ʯʝ ʜʦʨʠ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 0.5 H2O ʤʦʣʝʢʫʣʠ ʦʢʦʣʦ Na
+
 ʝ ʜʦʩʪʘʪʲʯʥʦ ʟʘ 

ʟʘʧʘʟʚʘʥʝʪʦ ʥʘ ʩʣʦʝʩʪʘʪʘ ʩʪʨʫʢʪʫʨʘ. 

ɺ ʧʨʘʭʦʚʠʪʝ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʬʠʛ. 15 ʙ) ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʨʝʛʠʦʥ 185-230ęʉ ʥʝ ʙʝʰʝ ʨʝʛʠʩʪʨʠʨʘʥʘ ʢʨʠʩʪʘʣʥʘ ʬʘʟʘ 

ʩʲʜʲʨʞʘʱʘ Br
-
. ʌʘʟʦʚʠʷʪ ʩʲʩʪʘʚ ʥʘ ʪʚʲʨʜʠʷ ʦʩʪʘʪʲʢ ʚʢʣʶʯʚʘ ZnO, 
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Zn3(OH)2(SO4)2, Na2Zn(SO4)2 ʠ ʨʝʥʪʛʝʥʦʚʦ ʘʤʦʨʬʥʘ ʬʘʟʘ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ 

ʮʷʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʙʨʦʤ ʝ ʢʦʥʮʝʥʪʨʠʨʘʥʦ ʚ ʘʤʦʨʬʥʘʪʘ ʬʘʟʘ. ʍʠʤʠʯʥʠʷʪ ʘʥʘʣʠʟ ʥʘ 

ʧʨʦʙʘ ʥʘʛʨʷʪʘ ʜʦ 340ęʉ (ʬʠʛ. 16 ʙ) ʧʦʢʘʟʚʘ ʥʘʣʠʯʠʝ ʥʘ ʙʨʦʤ, ʚ ʢʦʣʠʯʝʩʪʚʦ 

ʩʲʦʪʚʝʪʩʪʚʘʱʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʚ ʠʟʭʦʜʥʠʷ ʦʙʨʘʟʝʮ, ʢʦʝʪʦ ʧʦʪʚʲʨʞʜʘʚʘ, ʯʝ 

ʙʨʦʤʲʪ ʝ ʢʦʥʮʝʥʪʨʠʨʘʥ ʚ ʨʝʥʪʛʝʥʦʚʦ ʘʤʦʨʬʥʘʪʘ ʬʘʟʘ (ʬʠʛ. 15 ʙ). ɺ ʪʝʨʤʠʯʥʦ 

ʦʪʥʦʰʝʥʠʝ Br2 ʩʝ ʦʪʜʝʣʷ ʝʜʥʦʝʪʘʧʥʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ 400-600ęʉ (ʬʠʛ. 

15 ʘ), ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦʩʪʝʧʝʥʥʦʪʦ ʦʪʜʝʣʷʥʝ ʥʘ Cl2 ʧʨʠ ʜʝʢʦʤʧʦʟʠʮʠʷʪʘ ʥʘ ʛʦʨʜʘʠʪʘ 

ʚ ʨʘʤʢʠʪʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʜʠʘʧʘʟʦʥ ʤʝʞʜʫ 400 ʠ 1000ęʉ. 

ʊʘʙʣʠʮʘ. 3. ɽʪʘʧʠ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʠ ʧʨʦʮʝʩʠ ʩʧʦʨʝʜ ʥʘʙʣʶʜʚʘʥʠʪʝ DSC ʝʬʝʢʪʠ ʠ 

ʠʟʤʝʨʝʥʠʪʝ ʪʝʛʣʦʚʥʠ ʟʘʛʫʙʠ ʥʘ Br-ʛʦʨʜʘʠʪ. 

T, oC 

(DSC-

ʝʬʝʢʪ) 

ʈʝʘʢʮʠʠ ʧʨʠ ʪʝʨʤʠʯʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ Br-ʛʦʨʜʘʠʪ 
(ʧʨʦʮʝʩ) 

ʊʝʦʨʝʪ. 

ʪʝʛʣ. 

ʟʘʛʫʙʘ, % 

ɽʢʩʧ.ʧʦ

ʣ. ʪʝʛʣ. 
ʟʘʛʫʙʘ, 

% 

20-185 

1) 

NaZn4(OH)6SO4Br·6H2O Ÿ NaZn4(OH)6SO4Br + 6H2Oŷ 

(ʜʝʭʠʜʨʘʪʘʮʠʷ) 

16.4 %     

6 H2O 

15.0 % 

5.6 H2O 

185-230 

2) 

NaZn4(OH)6SO4Br Ÿ 0.25Zn3(OH)2(SO4)2 + 0.25Na2Zn(SO4)2 + 

1.5ZnO + [Na0.5ZnO1.25Br0] + 2.75H2Oŷ 

(ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷ I) 

7.38 % 

2.75 H2O 

7.90 % 

2.95 H2O 

230-320 

3) 

0.25Zn3(OH)2(SO4)2 + 0.25Na2Zn(SO4)2 + 2ZnO + [Na0.5ZnO1.25Br0] 

Ÿ 0.25Zn3O(SO4)2 + 0.25Na2Zn(SO4)2 + 2ZnO + [Na0.5ZnO1.25Br0] 

+ 2.75H2Oŷ 

(ʜʝʭʠʜʨʦʢʩʠʣʠʟʘʮʠʷ II ) 

0.67 % 

0.25 H2O 

0.84%  

0.31 

H2O 

320-600 

4) 

0.25Zn3O(SO4)2 + 0.25Na2Zn(SO4)2 + 2ZnO + [Na0.5ZnO1.25Br0]  Ÿ 

0.25Zn3O(SO4)2 + 0.25Na2Zn(SO4)2 + 3ZnO + [0.25Na2O] + 0.5Br2ŷ 

(ʜʝʙʨʦʤʠʥʘʮʠʷ) 

11.92 % 

0.5 Br2 

11.93 % 

0.5 Br2 

600-1165 

5) 

0.25Zn3O(SO4)2 + 0.25Na2Zn(SO4)2 + 3ZnO + [0.25Na2O]  Ÿ 

0.25Na2Zn(SO4)2+ 0.25Na2O + 3.75ZnO + 0.5SO2ŷ + 0.25O2ŷ   

(ʜʝʩʫʣʬʘʪʠʟʘʮʠʷ) 

7.16 % 

0.5 SO2 

0.25 O2 

7.29 % 

0.61 SO2 

0.30 O2 

ʍʠʤʠʯʥʠʪʝ ʜʘʥʥʠ ʥʘ ʧʨʦʙʘ, ʥʘʛʨʷʪʘ ʧʨʠ 600ęʉ, ʧʦʢʘʟʚʘʪ, ʯʝ ʥʷʤʘ ʙʨʦʤ ʚ 

ʩʠʩʪʝʤʘʪʘ (ʬʠʛ. 16 ʛ). ʀʟʚʩʪʥʦ ʝ, ʯʝ ʙʨʦʤ ʚ ʘʤʦʨʬʥʘ ʬʦʨʤʘ ʝ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʝʥ, 

ʢʦʝʪʦ ʝ ʦʪ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦ ʥʘʪʘʪʲʰʥʦ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʢʘʪʘʣʠʪʠʯʥʠ ʮʝʣʠ. 

ɺʲʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʷ ʨʝʛʠʦʥ (770ï1165
ʦ
C) ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦʩʣʝʜʥʦʪʦ 

ʝʥʜʦʪʝʨʤʠʯʥʦ ʩʲʙʠʪʠʝ ʩʚʲʨʟʘʥʦ ʩ ʪʝʛʣʦʚʥʘ ʟʘʛʫʙʘ (ʌʠʛ. 51 ʘ ʧʠʢ 5; ʊʘʙʣʠʮʘ 3). 

MS ʜʘʥʥʠʪʝ ʧʦʢʘʟʚʘʪ ʥʘʣʠʯʠʝ ʥʘ O2 ʠ SO2. ɼʘʥʥʠʪʝ ʦʪ XRD ʠ SEM ʧʦʢʘʟʚʘʪ, ʯʝ 

ʪʚʨ̡ʜʠʷ ʦʩʪʘʪʲʢʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʜʦʤʠʥʠʨʘʱʦ ʦʪ ZnO, ʢʘʢʪʦ ʠ Na2Zn(SO4)2 ʠ Na2O. 
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ʌʠʛ. 16. SEM ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʭʠʤʠʯʝʥ ʘʥʘʣʠʟ ʥʘ: a) ʠʟʭʦʜʝʥ ʠ ʪʝʨʤʠʯʥʦ ʪʨʝʪʠʨʘʥ Br-ʛʦʨʜʘʠʪ 

ʧʨʠ ʙ) 340ÁC, ʚ) 600ÁC ʠ ʛ) 1200ÁC 

2.1.3 ʅʦʚʘ Zn-ʭʠʜʨʦʢʩʠ ʩʫʣʬʘʪʥʘ ʬʘʟʘ 

ɺ ʧʨʝʜʚʠʜʝʥʠʪʝ ʟʘʜʘʯʠ, ʙʷʭʘ ʟʘʣʦʞʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʘʥʠʦʥʥʠ ʬʦʨʤʠ ʥʘ ʛʦʨʜʘʠʪ, ʩ ʮʝʣ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʘ ʦʪ ʨʘʟʤʝʨʘ ʥʘ 

ʤʦʥʦʚʘʣʝʥʪʥʠʷ ʘʥʠʦʥ ʠ ʥʝʛʦʚʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʟʘʝʤʘ ʘʧʠʢʘʣʥʘʪʘ ʧʦʟʠʮʠʷ ʥʘ 

ʮʠʥʢʦʚʠʷ ʪʝʪʨʘʝʜʲʨ. ʆʧʠʪʲʪ ʜʘ ʙʲʜʝ ʧʦʣʫʯʝʥʘ I ʘʥʠʦʥʥʘ ʬʦʨʤʘ ʥʘ Zn-ʭʠʜʨʦʢʩʠ-

ʩʫʣʬʘʪ ʧʦ ʧʦʜʦʙʠʝ ʥʘ Br-ʛʦʨʜʘʠʪ ʦʙʘʯʝ ʙʝʰʝ ʥʝʫʩʧʝʰʝʥ. ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ 

ʡʦʥʦʦʙʤʝʥʥʠ ʨʝʘʢʮʠʠ ʥʘ ʥʘʤʫʠʪ ʠ ʛʦʨʜʘʠʪ ʩ NaI ʠ ʂI, ʧʦʩʪʦʷʥʥʦ ʩʝ ʧʦʣʫʯʘʚʘ 

ʧʨʦʜʫʢʪ ʩ ʧʨʘʭʦʚʘ ʜʠʬʨʘʢʮʠʦʥʥʘ ʢʘʨʪʠʥʘ, ʢʦʷʪʦ ʥʝ ʩʝ ʦʪʢʨʠʚʘ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ. 

ʇʦʨʘʜʠ ʪʦʚʘ ʪʦʟʠ ʧʨʦʜʫʢʪ ʚ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʦʟʥʘʯʝʥ ʢʘʪʦ ñʥʦʚʘ Zn-

ʭʠʜʨʦʢʩʠʩʦʣʥʘ ʬʘʟʘò ʠʣʠ ʟʘ ʢʨʘʪʢʦʩʪ Ăʥʦʚʘ ʬʘʟʘñ. ʊʘʟʠ Ăʥʦʚʘ ʬʘʟʘñ ʝ 

ʥʘʙʣʶʜʘʚʘʥʘ ʩʲʱʦ ʠ ʢʘʪʦ ʧʨʦʜʫʢʪ ʦʪ ʦʧʠʪʠ ʠʟʩʣʝʜʚʱʠ ʘʥʠʦʥʦʦʙʤʝʥʥʠʪʝ ʨʝʘʢʮʠʠ 

ʥʘ ʜʨʫʛʠʷ ʘʥʠʦʥ ʚ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʛʦʨʜʘʠʪʘ ʠ ʥʘʤʫʠʪʘ ï ʩʫʣʬʘʪʥʠʷ ʘʥʠʦʥ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʦʥʥʠʪʝ ʧʨʝʭʦʜʠ ʧʦ ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʠ ʥʘ Zn-ʭʠʜʨʦʢʩʠ ʩʫʣʬʘʪʠ ʩ 

ʥʠʪʨʘʪʥʠ ʨʘʟʪʚʦʨʠ ʠ ʥʘ Zn-ʭʠʜʨʦʢʩʠ ʥʠʪʨʘʪʠ ʩʲʩ ʩʫʣʬʘʪʥʠ ʨʘʟʪʚʦʨʠ ʩʲʱʦ ʚʦʜʷʪ 

ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ Ăʥʦʚʘ ʬʘʟʘñ. 

 


