
 

Supplementary materials  

Potential sustainable slow-release fertilizers obtained 

by mechanochemical activation of MgAl and MgFe 

layered double hydroxides and K2HPO4. 

 

 
 

Figure S1. FTIR data of A)  Mg2Al(OH)6(CO3).3H2O (a), MgAl calcined at: 200 °C (b); at 300 °C (c); at 400 

°C (d) and at 500 °C (e) and B)  (Mg2Fe(OH)6(CO3).2.5H2O (a), MgFe calcined at: 200 °C (b); at 300 °C (c); 

at 400 °C (d); and at 500 °C (e). 

 

 



Figure S2: FTIR data of milled samples (9 h, 450 rpm) A) MgAl200/K2HPO4 (a); MgAl300/K2HPO4 (b); 

MgAl400/K2HPO4 (c); MgAl500/K2HPO4 (d), K2HPO4 (e), and B) MgFe200/K2HPO4 (a); MgFe300/K2HPO4 (b); 

MgFe400/K2HPO4 (c); MgFe500/K2HPO4 (d), K2HPO4 (e) with LDH/K2HPO4 MR 1:2. 

 

 

 
 

Figure 3. PXRD for A) MgAl (a), CMC (b), CMC milled for 3 h (c) and CMC/MgAl200/K2HPO4 (Method 

1) (d), CMC/MgAl200/K2HPO4 (Method 2) (e), CMC/MgAl200/K2HPO4 (Method 3) (f), K2HPO4 (g) and B) 

MgFe (a), CMC (b), CMC milled for 3 h (c), CMC/MgFe200/K2HPO4 (Method 1) (d), 

CMC/MgFe200/K2HPO4 (Method 2)  (e) and CMC/MgFe200/K2HPO4 (Method 3) (f) and K2HPO4 (g). 

 



 

Figure. S4: 13C NMR of CMC (a); CMC milled (b); and CMC/MgAl200/K2HPO4 (Method 2) (c). 

 . 

 



 

Figure. S5: 27Al and 31P NMR of CMC/MgAl200/K2HPO4 (Method 2). 

 

 

 
 

Figure. S6: SEM images of CMC (A), CMC milled with: MgAl200/K2HPO4 (B), and MgFe200/K2HPO4 

(C). 

 

Table S1: XRD data for struvite-K identified in MgAl200/K2HPO4. 
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Table S2. 13C NMR of CMC, CMC milled, CMC/MgAl200/K2HPO4 (Method 2). 

Site sample d (ppm) I(%) 

C=0 

CMC 177.0 10.0 

CMCmilled 176.9 10.9 

CMC/MgAl200/K2HPO4 176.6 9.7 

C1 

CMC 103.2 9.9 

CMCmilled 103.2 10.8 

CMC/MgAl200/K2HPO4 103.2 11.8 

C1* 

CMC 100.1 23.5 

CMCmilled 98.4 15.8 

CMC/MgAl200/K2HPO4 - - 

C2-C3 

CMC 74.0 10.2 

CMCmilled 72.2 10.4 

CMC/MgAl200/K2HPO4 74.4 10.4 

C4 

CMC 80.0 18.9 

CMCmilled 79.4 22.2 

CMC/MgAl200/K2HPO4 79.3 22.5 

C5 

CMC 69.9 12.0 

CMCmilled 70.6 13.7 

CMC/MgAl200/K2HPO4 70.6 14.8 

C6 

CMC 61.5 15.5 

CMCmilled 61.6 16.0 

CMC/MgAl200/K2HPO4 60.9 13.2 

C=O* CMC/MgAl200/K2HPO4 167.4 17.5 

 


