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Selective extraction of magnesium from asbestos-containing raw materials

In this work, great attention was paid to identifying the reasonsfor the absence of practically implemented
technologies for processing chrysotile asbestos wastes and searching for new methods for treating wastes
with the aim of obtaining magnesium and other useful products of commercial interest. A series of experi-
ments with solutions of ammonium chloride of different concentrations was carried out to study the kinetics
of magnesium leaching. The concentration of magnesium leached increases with the concentration of the
NH,4Cl solution (Cyg = 0.092M; Cyyy = 0.1M; Cyge = 0.102M), as well as with the time of the process itself. It
was shown that the difference between the leaching rates of magnesium by 3M and 5M NH,Cl solutions was
not significant, and it was rather large for 1M and 3M solutions. The study of the thermodynamics of magne-
sium leaching was carried out with 3 molar solution of ammonium chloride at various temperatures. Graphs
of the concentration of leached magnesium versus the leaching time at different temperatures of the ammoni-
um chloride solution were plotted based.on the results obtained. Experiments showed that the degree of mag-
nesium leaching from asbestos increased with inereasing temperature. The activation energy was calculated,
which was equal to 44 kJ. Sediment identification was carried out using a laser-atomic emission spectrometer
apparatus. The results of the experiment showed that a certain amount of magnesium, calcium and a small
amount of other metals were contained in the obtained precipitates. Admixture of calcium does not affect the
properties of the precipitate obtained. Leaching tests carried out with the help of ammonium chloride solution
of various concentrations showed that the fibrous structure of asbestos was not destroyed.

Keywords: selective extraction of magnesium, asbestos-containing raw materials, kinetics, thermodynamics,
concentration, magnesium<ammonium phosphate, activation energy, leaching.

Introduction

Asbestos is a valuable mineral that is widely used in industry. Despite the fact that asbestos has certain
careinogenigity, its properties are unique. Processing asbestos and its obtaining from mineral raw materials is
accompanied by the formation of waste including non-conforming chrysotile asbestos and amphibole asbes-
tos, as well as its other varieties. During the extraction and enrichment of chrysotile asbestos, large-tonnage
industrial waste is formed consisting of overburden and processing components [1, 2].

Magnesium extraction is considered to be one of the traditional types of asbestos processing. All metals
are leached out from asbestos in a complex by conventional methods under the action of strong acids. The
resulting salts need separation and additional purification. In addition, strong mineral acids are used, which
also cause intense corrosion of equipment. The development of selective leaching of magnesium without the
use of mineral acids is currently a topical issue. In this regard, we studied the selective extraction of
magnesium from asbestos-containing raw materials. To achieve this goal, some tasks such as obtaining
thermodynamic and kinetic leaching data, obtaining a magnesium — ammonium phosphate precipitate to
convert magnesium into an economically applicable form should be accomplished.
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Experimental

An ammonium chloride solution of the concentrations 1M, 3M, 5M was used to study the leaching ki-
netics of magnesium from asbestos. It is known from the literature [3, 4] that ammonium chloride dissolves
magnesium oxide well, while oxides of other metals do not pass into the solution. A solution of ammonium
chloride has been proposed for the selective leaching of magnesium from chromate sludge [5]. 20.0 g of as-
bestos previously dried to constant weight at 200 °C were added to the solutions obtained. It was kept at
room temperature for 2 weeks. The pH was controlled periodically (Table 1) and 5 mL aliquots were taken to
determine the concentration of magnesium.

Table 1
pH readings after leaching with ammonium chloride
C T
0.5 1.5 3 24 72 96 192 288 336
IM 8.569 8.69 8.895 8.9 8.907 8.967 9.04 9.013 9.014
3M 8.246 8.465 8.523 8.652 8.793 8.719 8.676 8.672 8.475
SM 8.18 8.094 8.242 8.245 8.249 8.369 8.45 8.55 8.721

Using concentrated ammonia, the pH of the solutions was adjusted to 11 and solutions were titrated
with 0.05M solution of Na,EDTA (Trilon B) in the presence of an eriochrome black indicator. The magnesi-
um concentration was calculated (Table 2) based on the consumption data of Trilon B using the well-known
formula derived from the law of equivalents:

C\Vi= G,
where C; — is the concentration of Trilon B; 7} — is the volume of Trilon B consumed during the titration,
C, — is the concentration of magnesium; V, — is the aliquot(volume.

Table 2
Results of magnesium leaching in NH,Cl solution at 20 °C
C T
N 0.5 1.5 3 24 72 96 192 288 336
IM 0.021 0.032 0.043 0.057 0.077 0.079 0.081 0.087 0.087
3M 0.024 0.044 0.058 0.071 0.09 0.092 0.096 0.1 0.1
M 0.032 0.046 0.061 0.079 0.092 0.095 0.098 0.102 0.102

It can be concluded that the concentration of magnesium leached increases with the concentration of the
NH,CI solution based on the results presented in the Table 2, as well as with the time of the process itself. It
is shown that the difference between the leaching rates of magnesium by 3M and 5M NH,CI solutions is not
significant, and it is rather large for IM and 3M solutions. The kinetic curves for magnesium leaching from
asbestos with ammonium chloride solutions of different concentrations at room temperature are shown in
Figure 1.
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Figure 1. Kinetic curves of magnesium leaching at 20 °C
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After the amount of magnesium leached from asbestos was fixed, the solution was filtered off, so the
solution was separated from asbestos. The thick mixture was washed with distilled water and dried in a dry-
ing cabinet until moisture was completely removed. According to the formulas of the reaction rate constants
[6], they were calculated for 3 orders of reaction (Table 3).

Table 3
Indicators of reaction rate constants

T c Co ol 02 o3
336 0.826 1 0.00057 | 0.00043 | 0.00069
336 2.796 3 0.00021 | 0.00509 | 2.5E-05
336 4.782 5 0.00013 | 0.01551 | 5.6E-06

Comparison of the rate constants calculated shows that the formula for the first order of reaction gives
values that are significantly less different from each other than for the second and third orders. It can be con-
cluded that the reaction order for ammonium chloride is first, but the rate is controlled by diffusion. Then,
ammonium phosphate was added dropwise to the solutions to convert the leached elements' into the sedi-
ment. The ammonium phosphate solution was prepared from 85 % phosphoric acid and 25 % ammonia solu-
tion. Phosphoric acid was added to ammonia in small portions, each time waiting for the reaction mixture to
cool down. The addition of phosphoric acid was continued to adjust pH = 11. The precipitate obtained was
dried and samples were prepared for laser spectrometry. Laser spectrometry clearly shows that the sediment
contains a sufficiently large amount of magnesium and some calcium (Fig. 2=4). It does not detect the pres-
ence of other metals.
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Figure 2. The metal content in the sludge studied during leaching
with 1M ammonium chloride solution

Cepust «Xumusi». Ne 4(92)/2018 43



V.N. Fomin, A.T. Dyussekeyeva et al.

Lini
2550 Novir e Konmecreeniuth o |
i Hamearon A
- wEl %MD 5 R A | o
25 g2l aseame [ i [Rera T
- 25 Nagm BB 1521
2230 I I DALaesatixSpzctiometer21 WM asatiMAP_70C_3N.spe 455651 Tn3 Fomin 0032018 1510
a DALsesh i 21NN HatMAP_10_TH el ;
o N 7 [ DALaesatiGpactonea MM AP_10_ 11 spe g ey
Znal 0404201816247
y v
= ) i o Fomin 060420161450
1330 ’ 3aLate Forin 270420181501
o ™ [ DLaeshalipectiomelei21\WNSM a1 _10._sohion spe o = EreTare |
2 g
1890 [ [ DALseshatiSpctiometer2l WNAMaratidsh_leached 10 spe i"m’ o 140520161 ‘iiJ
175 7 m
5 [ Il DLseshalivSpciomeler 21N WMasmMAP_T0.5p2 Ll &) @ Ll o & b
3
1875 [ [ D*\LseskatiSpectiometer?1 WM as\6M_soluior.spe e
1500 o Aeroxanvipoeka
. [ [ DALaeshatiSpectiomeler2 W MasathAsh leached 50.spe e
130, [ [ DL eshatiSpectiometer2! WMl MAP 50 p2 21353 2 sel o 0
1275 713615 P 245 545 0 0 0 |
i TS0 PO) 13465 ST 0 0 0
263 PN 1200 00 0
1125 4 7059 T 4 502 4000
103 g g Pl) 02 862 0 0 0
£ 8 2535 P) 789 2680 0 0 )
£ E 8 75w M) 13630388 0 0 0
an 2 H 27768 Mgl 1548 515 0 0 0
. A 277972 Mgl 45261 13445 0 0 0
25 & 27813 Mgl 967|334 0 i i
7 273088 Moll) Meed ST 0 00
5213 Mg [ 1843 282810 0 0
&5 2R Mgl %612 w080, 0 0
60 <| 29365 Mgll)_171L17 17254 0 .0 0
- 2| 71608 Cafll 15084 (15599 0 o 0
= o <| 8114 Cafll 51595 0 . 0 0. 0
50 &g o ME119/B() 6% MOB. 0 0 0
75 s & 2 8 2 < 302918 Mgl 17211 B57 |0 0 0
= 4 e P @ el 383213 Mo(l 7867 15223 |0 i [i]
30 [ = .2 b s ‘2| 383816 Mg[l . 146636 20364 |0 0 [
2% HY = a z o 396,626 Caflll_|4615.43 63315 0 i i
- s A [ '
7 oo ¢ § d
b Al L3 L)
T t f T T T f t T f T T
19408 2 212 ma 2014 0558 k] 20 k] k] % 1
Xe2r7(727) | Y=2165.635 v
a 1w S=E
2530 Movcx o Konvecroeri anas |
275 =
. % m v
s e o 2 D
s HNazym
230, [ DL atinSpzenometer21 st MAP_7OC N spe TR Eain
a7 [Fonin____[04.0
. 7 [ D2LaeshatiSpactioneler2! WNMasal\MAP_10_TH.spe o .
el 04042018 1624
25 [ [ DALaeshatiSpectioneterZ WM aia MAP_10_ 3 spe i = T
1950, 3aLase Forin 270020181501
eshal
1575 st Forin 20581210
3alaTe Forin 14052018 1519
1800 &5 [~ I D2LoeshatSpectiomeler2 W Masathist leached 10.3pe : _>IJ
175 7 =
N I I D:LaestatiSpactiometer2 N Maiat\MAF_T0.5p2 i) e L B
1630 1 Tononaenkiie napavere
1575 I B 0Leshatipectionelei2! WMo SM_soltor spe Cowr r————————
- N B L Aeoxamipoeka
105 I [ DL aeshatipectiometes21 WNSMaratésh leacher 5059 e
1350 [ [ DALeshatiGpectiometer21 WNMaal\MAP_ B0 p2 EEeS == hE Th
1275 | 213615 P) 135 W% 0
. ZaswPl) MG 22 0 0 0
7I53% PI) 155 585 0 0 0
R 4 ST 65 54 0 0 0
050 g mw Pl) 1A BB 0 00
g 5 5315 P 4052 1225 0 0 0
a5 El 8 5750 bnfl) 1311 819 0 0 0
e 2 H r7essmgll Tl 2667 0 0 0
8 & e mgll e 2% 0 0 0
. & 7813 Mgl 803 17238 0 0 0
750 T N % 273088 Mgll) 13117 2588 0 0 0
2665213 Mgl 106476 21176 0 0 0
o0 29287 Moll) 3738 4113 0 0 0
60 293650 Mgll) T3 7B03 0 0 0
= - TEGH Cafll 75721 8% 0 0 0
- = £ 318114 Cafll 35338 0 i i i
e e E s BN) G2ms 82313 0 0 0
s ~ ] 2 sl e AE 0 0 0
5 = 1S £ g 383213 Mgl 36144 8214 0 0 0
25 H o g 96626 Calll 282326 47031 0 0 0
Y 2 8
T 88 N N
» §
0% T el T Ly = 7 T T T T T T
19409 2018 2512 w23 25639 a 2014 10B% B Es w28 25 w18

¥X=237.480(4465) |V=1540.661

Figure 4. The metal content in the sludge studied during leaching
with 5M ammonium chloride solution

It can be noted that the reaction rate increases with an increase in the concentration of ammonium chlo-
ride solution based on the results obtained. In this case, a certain period of time occurs when the saturation
peak remains the same regardless of the concentration of the solvent. Thermodynamic parameters of the pro-
cess are of interest for the production organization on the industrial scale. We carried out a series of experi-
ments on the magnesium leaching with a 3 molar solution of ammonium chloride at different temperatures to
study the thermodynamics of leaching. 300 mL of a 3 M solution of ammonium chloride was poured into a
flask with 15 g of initial asbestos and thermostated at temperatures of 20, 40, 50, 60, 70 °C. Samples were
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taken and titrated with Trilon B after a certain period of time. The results of the titration are shown in Ta-
ble 4.

Table 4
The concentration of magnesium in the reaction mixtures, mol/L

T,h
0.5 1.5 3 24 72 96 192 288 366
20 | 0.024 | 0.044 | 0.058 | 0.071 | 0.09 | 0.092 | 0.096 | 0.1 | 0.102
40 | 0.025 | 0.054 | 0.092 | 0.105 | 0.106 | 0.108 | 0.108 | 0.109 | 0.109
50 0.03 | 0.061 | 0.1 | 0.108 | 0.108 | 0.109 | 0.109 | 0.109 | 0.11
60 | 0.036 | 0.065 | 0.102 | 0.109 | 0.11 | 0.11 | 0.12 | 0.12 | 0.13
70 | 0.037 | 0.069 | 0.105 | 0.109 | 0.11 | 0.12 | 0.12 | 0.14 | 0.14

T,°C

As a result of approximation of the experimental points the logarithmic curves are obtained in all cases
that are shown in Figure 5. The accuracy of the approximation is 95-98 %.
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Figure 5. The dependence of the concentration of magnesium
leached on the temperature of ammonium chloride solution

The activation energy was calculated with the help of the formula [4]:
In(1-
Fo=rxip n(zo) /A1 1)
Lin(l-o,)/ (T, T,

The obtained data are given in Table 5. The value of the activation energy after statistical processing
was 43.815 + 8.973 kJ/mol at a significance level of 95 % (p = 0.05).

Table 5
Reaction activation energy

T T o E,, J/mol
293.00 360.00 0.21 40941.50299
313.00 123.00 0.21 56236.10255
323.00 63.00 0.21 38413.44866
333.00 41.00 0.21 39668.83503
343.00 27.00 0.21 43814.97231

The obtained value of the activation energy is about 1.1-1.5 times exceeds the value obtained by the au-
thors [7] for the magnesium leaching from calcium-containing magnesite (~30 kJ/mol). Apparently, this dif-
ference is due to the different chemical nature of the substrates studied.
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Conclusions

The selectivity of the process with respect to calcium is most likely explained by the kinetic parameters
of the process and the somewhat higher activation energy of calcium leaching. Apparently, the reaction has
the first order in ammonium chloride and a rate constant of ~ 1-5x10~*, while the velocity is controlled by
diffusion. The experimentally determined value of the activation energy was 43.815 + 8.973 kJ/mol at a sig-
nificance level of 95 % (p = 0.05). Magnesium goes into solution, the pH of which is 9. This solution is con-
venient for precipitating magnesium ammonium phosphate. Magnesium ammonium phosphate is a valuable
mineral fertilizer, as well as a profitable, marketable form for pure magnesium. Using ammonium phosphate
and bringing the pH to 11, we got magnesium ammonium phosphate. The study of the precipitate obtained
with LIBS showed that it contained a minor admixture of calcium and did not contain other metals except
magnesium. Thus, the sediment is pure, and the calcium contained in a small amount does.mot interfere in
any way for use it in gardening.
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AcOecTKypaM/Ibl IIUKI3aTTAH MAarHMi/Ii CeJIEKTUBTI 06Jtin aiy dici

Makanana Xpu30THIAI acOecT KaIAbIKTaphlH ©Huey OOWBIHIIA ic XKy3iHAEe iCKe acBIpPBUIFaH TEXHOJO-
TUsIApIBIH 00JMay ceOGenTepiH aHbIKTay KOHE KOMMEPUMSIIBIK KbI3BIFYLIBUIBIK TYFBI3ATHIH MAarHUH MEH
0acka sa maijanel eHIMIEpAl aly MaKcaThIHIa KaJABIKTapAbl OHICYIIH jKaHa oAICTepi KapacTHIPBUIIHL.
Maranii maiiManay KMHETHKAChIH 3epTTey YIIiH TYPJi KOHIEHTpAlXsIAaFbl aMMOHHN XJIOPHII epiTiHinepi
KaTbichiHAa Oipkarap Taxipubenep skyprizinmi. Illaiimananran MarHuiiaig konuentpauwmsicst NH4Cl
epiTingici KoHIeHTParmACHHBIH (Cyg = 0.092M; Cy, = 0.1M; Cyy, = 0.102M) xoFapnaysIMeH CHIIATTaIIIbI.
3Mxone 5M NHyCl marnuii epiTiHAUIEpiHiH MIaliManay >KbUIIAMIbIFBl apachlHAAFbl AHbIPMAIIBUIBIK,
aifrapieikTait emec, an 1M xeme 3M memimpaepi ymin Oyin ere yikeH. MarHuiinl maimanay sy
TEpMOAMHAMUKACEIH 3€pTTEy OpTYpJi TeMIeparypaja aMMOHHUH XJIOpHIIHIH 3 MOJSIPIBIK epiTiHmici
KATBICBIH/IA JKYPTi3UIdi. AJIBIHFAH HOTWDKENEP HETi3iHIEC MarHWil KOHIICHTPAIUSCHIHBIH aMMOHHUHA XIIOPHII
TeMIeparypackl OOMBIHIIA JKOHE 3EpTTeyre aiblHFaH TYHOAHBIH KYpaMbIHIAFbl METal apachlHIaFbl
Toyenninik rpadukrepi kacanbiHabl. Toxxipubenep HOTHKeci acOecT KypaMblHAH MarHMiOiH Iiaiimanay
JIOpexeci TemIiepaTypaHblH JKOFapiaybIMeH apTaThIHIABIFBIH KepcerTi. bencenaipy sueprusice 44 kJhx-ra
TeH. TyHOaHBI aHBIKTay Ja3epIiK-aTOMIBIK 3MHCCHOHIBI CIEKTpOMeTpae Kyprizingi. ToxipubeHin
HOTIDKeTIepi OObIHINA aNbIHFaH TYHOAHBIH KypaMblHaa Oenrini 6ip Mesep/ie MarHuii, KaabLiiii jxKoHe 6acka
Ja MeTajjap Ke3JeCeTiHIH KOpCeTTI JKoHe KalbIMH KOCIachl aJbIHFAH TYHOAHBIH KacHeTTepiHe ocep
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STIeHTIHIr aHBIKTaNIbl. OPTYPJIi KOHICHTPALUIJaFbl aMMOHHI XJIOPUIIH MIaliManay apKbUIbl )KYPri3iireH
ToKipubenep acoecTiH TaNIIBIKThI KYPbUIBIMBI )KOWBUIMAaFaHbIH KOPCETTI.

Kinm ce30ep: maruuiiii cenexTHBTI Oeuin any o/ici, acOecTKypaM/ibl IIHKi3aT, KHHETHKA, TePMOJMHAMUKA,
KOHIICHTpALHs, MarHui-aMMOHU# docdartsl, GeIceHAIpY SHEPTUsCHI, [aiManay.

B.H. ®omun, A.T. Irocekeera, E.B. Munaepa, b.A. AmaHXoJ10Ba,
M.E. Kaceimos, U.E. PoxkoBsoii, H.A. Kapruna

CejleKTHBHOE U3BJIcUeHHEe MarHus u3 acﬁeCToconepmamero ChIPbA

B cratbe OomblIoe BHHMAaHHE YIENCHO BBIBICHHUIO NPHYMH OTCYTCTBHSI INPAKTHYECKH PEaNn3yeMbIX
TEXHOJIOTUH MepepabOTKH XPU30THII-acOECTOBBIX OTXOAOB M MOMCKY HOBBIX METOJIOB 00pabOTKH OTXO/IO0B C
LEeNbI0 TTONyYEHHsI MarHWsi W APYTUX IOJE3HBIX IPOJYKTOB, IPEICTaBILIONINX KOMMEpPYECKH HHTepec.
IIpoBeneHs! cepy OIBITOB C PACTBOPAMHU XJIOPHAA aMMOHHS pa3HOH KOHIIEHTPAIMH JUISl H3yUEeHUS] KHHETHKA
BEIIIENaYNBaHus MarHus. KOHIEHTpaIys BEIIIENauNBaeMOr0 MarHUsl PacTeT C yBeIMYECHHEM KOHIEHTPAUN
pactBopa NH,CI (Cye = 0.092M; Cy, = 0.1M; Cyy, = 0.102M), a Taxke ¢ yBeTUIEHHEM BPEMEHH CAMOIO
npouecca. [lokazaHo, 4To pasHMIA MEXIy CKOPOCTSAMH BblllenadunBaHus maraug 3M u SM pactBopamu
NH,Cl He3nauurtenbHa, a aimst 1M u 3M pacTBopoB — [10BOJIBHO Benuka. MccienoBaHne TepMOIUHAMUAKA
BBIIIENIAUYMBAHNS MarHus NpoBoAwIN 3M pacTBOPOM XJIOpHIa aMMOHHMS NPU PA3MHYHBIX 3HAYECHHSX TEMIIE-
patypbl. Ha OCHOBaHMHM MOTYy4EHHBIX PE3yJIbTATOB OBUIM MOCTPOCHBI IPadMKH 3aBUCHUMOCTH KOHLICHTPALUH
BBIIIEIOYEHHOTO MarHusl OT BPEMEHH BBIIIENIaYNBAHMS TIPH Pa3HBIX TEMIIEPATypax pacTBOpPa XJIOPHIA aMMO-
HUsL. Pe3ynpTaThl SKCIIEpIMEHTOB MOKA3alIH, YTO CTENCHD BHIIIEIAUNBAHIS MarHuUs U3 acOecta BO3pacTaer ¢
YBEIMYEHHEM TeMIepaTyphl. Beranuciiena sHeprus akTHBany, KoTopast coctaBmia 44 x/lx. nenrndukanms
ocaJika NMPOBOAMIIACH Ha JIA3epPHO-aTOMHOM SMHCCHOHHOM CIIEKTpOMeTpe. Belio ycraHoBieHO, 4TO B IOIYy-
YEHHBIX 0CaJKaX COAEPIKUTCS OIpe[eIeHHOe KOJIMYECTBO MArHWS, KaJbIUs U HE3HAYUTEIbHOE KOJIMYECTBO
JIpyrux Metayios. [Ipumech kanblys He BAMSET Ha CBOWCTBA MOJYyYEHHOTO ocazaka. Mcnbitanus, npoBenéx-
HBIE C IPUMEHEHNEM PAcTBOPA XJIOpPHUIA aMMOHUS Pa3IMYHONA KOHIEHTPAINH, OKA3alH, YTO BOJOKHUCTAsS
CTPYKTYypa acOecTa He MOJIBEp)KeHa pa3pyIeHHUIO.

Kniouesvie  cnosa: CCJICKTUBHOC H3BJICHCHUC  MAarHusid, acGeCToconepmaLuee CBIPBE, KHMHCTHKA,
TCPMOJUHAMUKA, KOHIICHTPpAallu, MarHui-aMMOHHI Q)Oc(baT, OHEPrus aKTUBAllU, BbIICIIAYBAHUE.
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