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V. N. Anfilogov, V. K. Purtov, L. G. Egorova

THE PECULIARITY OF THE PHASE RELATIONS
IN THE SILICATE - CARBONATE SYSTEMS

The carbonate are the main components which take aktive participant
in the process of the alkaline melts and rock formig. This is the reason ot many
experimental investigation of the phase relations in the silikate-carbonate
systems, but many experimental results are not correct because the authors do
not take in acount the peculiarity of these systems, which are discussed in this
paper. There are several important peculiarityes. 1. The carbonate and silicate
components are able to form homogeneous melts upper temperature of
liquidus and silikate-carbonate compounds and solid solution lower the
temperature of solidus. 2. The solubility of some carbonates in H2O dectease at
high temperature and aspires to 0 at temperature more than 500 °C.
3. The special importance have the process of hydroliris and acid-base
interaction between differents oxide components in the silikate-carbonate
systems.

DZj[hgZlu� y\eyxlky� h^gbf� ba� ]eZ\guo� dhfihg_glh\� ijb

nhjfbjh\Zgbb� s_ehqguo� fZ]fZlbq_kdbo� jZkieZ\h\� b� ihjh^�� <

ihke_^gb_�]h^u�i_ljheh]bq_kdb_�fh^_eb�mqblu\Zxl�\hafh`ghklv

ih]jm`_gby�\�fZglbx�\� ahgZo�km[^mdpbb�[hevrbo�h[t_fh\�dZj-
[hgZlguo� ihjh^� b� mqZklb_� bo� \� ijhp_kkZo� ieZ\e_gby� b� fZg�

lbcgh]h� f_lZkhfZlhaZ� >��� ��@�� <� k\yab� k� wlbf� \hajhk� bgl_j_k� d

wdki_jbf_glZevguf�bkke_^h\Zgbyf�nZah\uo� jZ\gh\_kbc� \� kbeb-
dZlgh�dZj[hgZlguo� kbkl_fZo�� h� q_f� k\b^_l_evkl\m_l� [hevrh_

qbkeh� jZ[hl�� him[ebdh\Zgguo� ih� wlhc� ijh[e_f_� >���� ���� ��@�

D�kh`Ze_gbx��\h�fgh]bo�kemqZyo�Z\lhju�^Zgguo�jZ[hl�g_�mqblu-
\Zxl� hkh[_gghklb�nZah\uo� hlghr_gbc� \� wlbo� kbkl_fZo�� k\yaZg-
gu_� kh� ki_pbnbdhc� \aZbfh^_ckl\by� dZj[hgZlh\� k� kbebdZlZfb�

Z�lZd`_�k�ijhp_kkZfb�]b^jhebaZ�dZj[hgZlh\��ijhl_dZxsbo�\�kbk-
l_fZo�k�\h^hc��;hevrb_�ijh[e_fu�\hagbdZxl�ijb�bgl_jij_lZpbb

j_amevlZlh\�wdki_jbf_glh\�ijb�jZ[hl_�aZdZehqguf�f_lh^hf��Wlh

k\yaZgh�k�l_f��qlh�dZj[hgZlgu_�jZkieZ\u�ijb� aZdZed_� iheghklvx
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Jbk�����NZah\u_�jZ\gh\_kby�\�kbkl_f_�&D&23– Ca2SiO4 [13]

jZkdjbklZeebah\u\Zxlky��qlh�ijb\h^bl�d�g_h^ghagZqghfm�lhedh-
\Zgbx� nZah\uo� hlghr_gbc� \� ijh^mdlZo� aZdZedb�� <� gZklhys_c

jZ[hl_�fu�ihiulZebkv�h[h[sblv� wdki_jbf_glZevgu_�^Zggu_�ih

nZah\uf� jZ\gh\_kbyf� \� kbebdZlgh�dZj[hgZlguo� kbkl_fZo�� kjZ\-
gblv� l_jfhobfbq_kdb_�dhgklZglu� kbebdZlh\�b�dZj[hgZlh\�b�� lZ-
dbf� h[jZahf�� gZf_lblv� h[sb_� aZdhghf_jghklb� \aZbfh^_ckl\by

dZj[hgZlh\�k�kbebdZlZfb��dhlhju_�dhgljhebjmxl�nZah\u_�jZ\gh-
\_kby�

:gZeba�nZah\uo�jZ\gh\_kbc�\�kbebdZlgh�dZj[hgZlguo�kbk-
l_fZo� mf_klgh� gZqZlv� k� ijhkl_cr_c� kbkl_fu� &D&23 — CaSiO4

�jbk�� ����<�wlhc�kbkl_f_�h[jZam_lky�g_mklhcqb\h_�kh_^bg_gb_�²

ki_jjbl� ��KD2SiO4 ⋅ CaCO3��� dhlhjh_� ieZ\blky� bgdhg]jmwglgh�

<� h[eZklb� ebd\b^mkZ�gZ[ex^Z_lky�ihegZy� \aZbfgZy� jZkl\hjbfhklv

dhfihg_glh\�� <� kbkl_f_� bf__lky� w\l_dlbdZ� khklZ\Z� ��� fZk�� �

Ca2SiO4�²����fZk����&D&23.
:gZeh]bqguc� oZjZdl_j� nZah\uo� hlghr_gbc� gZ[ex^Z_lky

\� kbkl_f_� &D&23 — NaAlSiO4� �jbk�� ���� A^_kv� lZd`_� kms_kl\m_l

g_mklhcqb\h_� kbebdZlgh�dZj[hgZlgh_� kh_^bg_gb_� �1D$O6L24·
CaCO3���W\l_dlbdZ�\�kbkl_f_�dZevpbl�²�g_n_ebg�k^\bgmlZ�\�klh�
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Jbk�� ��� NZah\u_

jZ\gh\_kby� \� kbkl_f_

CaCO3 – NaAlSiO4 [13]
____________________

jhgm� kbebdZlgh]h� dhf-
ihg_glZ� b� bf__l� khklZ\

��� fZk�� �� KD&23,
��� fZk�� �� 1D$O6L24.
<ur_� ebd\b^mkZ� djblb-
q_kdb_� y\e_gby� \� kbkl_-
f_�hlkmlkl\mxl�

;he__� keh`guc

oZjZdl_j�bf_xl�nZah\u_

hlghr_gby� \� kbk-
l_f_� 1D2O–SiO2–CO2.
GZ� jbk�� �� ijb\_^_gZ

ijh_dpby� ih\_joghklb

ebd\b^mkZ� gZ� iehkdhklv

Na2CO3–Na2SiO3–Na2Si2O5.  A^_kv�lZd`_��dZd�b�\�ij_^u^msbo�^\mo

kbkl_fZo��gZ[ex^Zxlky�w\l_dlbq_kdb_�nZah\u_�hlghr_gby�f_`^m

dhfihg_glZfb��gh�\�h[eZklyo��ijbfudZxsbo�d�\_jrbgZf�1D2CO3

b� 1D2SiO3�� hgb� hkeh`g_gu� h[jZah\Zgb_f� l\_j^uo� jZkl\hjh\

Na2CO3–Na2SiO3, Na2SiO3–Na2CO3�b�1D2CO3 –Na2Si2O5.

Jbk�� ��� Ijh_dpby� ih\_joghklb� ebd\b^mkZ� \� kbkl_f_� 1D2CO3–
Na2SiO3–Na2Si2O5 [13]



191

Jbk�� ��� Ijh_dpby� ih\_joghklb� ebd\b^mkZ� \� kbkl_f_� &D&23–
Na2CO3– NaAlSiO4– CaAl2Si2O8 [13]

GZ�jbk����ijb\_^_gZ�^bZ]jZffZ�nZah\uo�jZ\gh\_kbc�\�q_l-
\_jghc� kbkl_f_� &D&23–Na2CO3–NaAlSiO4–CaAl2Si2O8.� B� \� wlhc

keh`ghc� kbkl_f_� bf__lky� ljhcgZy� w\l_dlbdZ� k� kh^_j`Zgb_f

�����fZk����1D$O6L24�������fZk����KD&23�b������fZk����1D2SiO3.

<�qZklguo�jZaj_aZo�&D&23–CaAl2Si2O8 b�1D2SiO3–NaAlSi3O8�ijb-
kmlkl\mxl� obfbq_kdb_� kh_^bg_gby� ZexfhkbebdZlh\� k� dZj�

[hgZlZfb�� �1D$O6L24 · Na2CO3� b� �&D$O2Si2O8 · Na2CO3�� dhlhju_

h[jZamxl�f_`^m� kh[hc� ^\_� h[eZklb� h]jZgbq_gguo� l\_j^uo� jZk�

l\hjh\�

GZ�jbk����ijb\_^_gZ�^bZ]jZffZ�nZah\uo�jZ\gh\_kbc�\�kbk-
l_f_�1D$O6L3O8–Na2CO3��\aylZy�ba�jZ[hlu�>��@��dhlhjZy�\uau\Z_l

[hevrb_�khfg_gby��G_�ykgh��ihq_fm�gZ�^bZ]jZff_�g_�nbdkbjm_lky

g_n_ebg��dhlhjuc�^he`_g�ihy\eylvky�\�j_amevlZl_�j_Zdpbb

NaAlSi3O8 + Na2CO3 → NaAlSiO4 + Na2Si2O5 + CO2

Ihy\e_gb_�g_n_ebgZ�^he`gh�ijb\_klb�d�kgb`_gbx�l_fi_-
jZlmju� ieZ\e_gby� kbebdZlgh]h� dhfihg_glZ� aZ� kq_l� h[jZah\Zgby
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w\l_dlbq_kdhc� kf_kb� 1D$O6L24 — Na2CO3. <� j_amevlZl_� wlh]h
l_fi_jZlmjZ� kheb^mkZ� ^he`gZ� ihgbablvky� fbgbfmf� ^h� ���� �K�

Z�mqblu\Zy��qlh�\�kbkl_f_�ihy\ey_lky�dhfihg_gl�1D2Si2O5��l_fi_-
jZlmjZ� kheb^mkZ�fh`_l� ihgbablvky� ^h� ���� �K� �jbk�� ����Iheguf

^bkkhgZgkhf�\�kjZ\g_gbb�k�ijb\_^_ggufb��gZ�jbk���²��� nZah\u�
fb� jZ\gh\_kbyfb� \� kbebdZlgh�dZj[hgZlguo� kbkl_fZo� y\ey_lky

gZebqb_� rbjhdhc� h[eZklb� g_kf_kbfhklb� kbebdZlgh]h� b� dZj[h-
gZlgh]h�jZkieZ\h\��AZdZehqguc�f_lh^�g_�ijb]h^_g�^ey�bamq_gby

nZah\uo�jZ\gh\_kbc�\�kbkl_fZo��]^_�h^bg�ba�dhfihg_glh\�g_�kih-
kh[_g�i_j_oh^blv�\�kl_dehh[jZagh_�khklhygb_�b�ijb�aZdZed_�ihe-
ghklvx� jZkdjbklZeebah\u\Z_lky�� <� wlbo� mkeh\byo� jZkieZ\�� kh-
klhysbc�ba�kbebdZlgh]h�b�dZj[hgZlgh]h�dhfihg_glh\��ijb�aZdZe-
d_�h[jZam_l� kbebdZlgh_� kl_deh��gZkus_ggh_�djbklZeeZfb�dZj[h-
gZlZ�gZljby�b�ihe_�$E���1&���/1���9�\�^_ckl\bl_evghklb�fh`_l

bf_lv� ke_^mxsbc� khklZ\�� $E� �� /1 ��9��Fu� m`_� klZedb\Zebkv� k

ih^h[ghc� kblmZpb_c� ijb� j_\babb� wdki_jbf_glZevguo� ^Zgguo

Dhkl_jZ�<Zg�=jhhkZ� b�I��Mbeeb� \� kbkl_f_� 1D$O6L3O8–NaF [16],
]^_� Z\lhjZfb� [ueZ� ^hims_gZ� h[jZlgZy� hrb[dZ� b� ijh^mdlu� jZk-
keZb\Zgby� jZkkfZljb\Zebkv� dZd� j_amevlZl� djbklZeebaZpbb� nlh-
jb^gh]h�jZkieZ\Z�>�@�

Hq_gv�\Z`ghc�hkh[_gghklvx�\aZbfhhlghr_gbc�f_`^m�kbeb-
dZlguf�b�dZj[hgZlguf�dhfihg_glZfb�y\ey_lky�bo�kihkh[ghklv�h[-
jZah\u\Zlv���^\hcgu_���kh_^bg_gby���lbiZ���dZgdjbgblZ��b��l\_j^u_

Jbk�����NZah\u_�jZ\gh\_kby�\�kbkl_f_�1D$O6L3O8–Na2CO3 ijb�^Z\-
e_gbb���d[Zj��Ih�^Zgguf�>��@�

$E�²� Zev[bl��1&�²� dZj[hgZl�gZljby�� /1�²� kbebdZlguc�jZkieZ\�� /2 —
dZj[hgZlguc�jZkieZ\��9�²�]Zah\Zy�nZaZ
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jZkl\hju, dZd�wlh�bf__l�f_klh�\�kbkl_f_�1D2O–SiO2–CO2.Wlh�k\b-
^_l_evkl\m_l�h�kljmdlmjghc�kh\f_klbfhklb�dZj[hgZlguo�b�kbeb-
dZlguo� dhfihg_glh\� \� l\_j^hf� khklhygbb� b� \uau\Z_l� [hevrb_

khfg_gby�h�bo�\aZbfghc�ZglbiZlbb�\�`b^dhf�khklhygbb��dhlhjZy

ih�^Zgguf�>��@�ijb\h^bl�d�jZkkeZb\Zgbx�jZkieZ\Z�

H[jZlbfky� l_i_jv� d� kbebdZlgh�dZj[hgZlguf� kbkl_fZf� k

\h^hc��GZ�jbk����b���ijb\_^_gu�^bZ]jZffu�nZah\uo�jZ\gh\_kbc�\

kbkl_fZo�&D�2+�2–CaCO3�b�&D&23–H22��<�h[eZklb�l_fi_jZlmj�^h

1000 �K� \� i_j\hc� kbkl_f_� gZ[ex^Zxlky� ijhklu_� w\l_dlbq_kdb_
hlghr_gby�k�dhg]jmwglgh�ieZ\ysbfbky�kh_^bg_gbyfb��<aZbfgZy

jZkl\hjbfhklv� dhfihg_glh\� \� w\l_dlbq_kdhc� lhqd_� khklZ\ey_l

ijb[ebabl_evgh����fZk����&D&23�\�jZkieZ\_�Ka(OH)2. <h�\lhjhc
kbkl_f_� w\l_dlbdZ�KD&23–H22�gZoh^blky�gb`_� �� �K�b� __� khklZ\

hij_^_ey_lky�jZkl\hjbfhklvx�&D&23�\�\�\h^_�ijb�gbadbo�l_fi_-
jZlmjZo��<ur_�l_fi_jZlmju�ebd\b^mkZ�KZKH3�b�G2H�kf_rb\Zxl-
ky�\�ex[uo�ijhihjpbyo�

;he__�keh`gu_�nZah\u_�hlghr_gby�gZ[ex^Zxlky�\�kbkl_-
f_�1D2CO3–H22��jbk������WlZ�kbkl_fZ�hlghkblky�d�kbkl_fZf���h]h

S4�lbiZ��\�dhlhjuo�ijbkmlkl\mxl�^\_�djblbq_kdb_�lhqdb�3�b�4�

JZkl\hjbfhklv�1D2CO3�\�\h^_�\�wlhc�kbkl_f_�bf__l�keh`gmx�aZ-
\bkbfhklv�hl�^Z\e_gby�b�\ur_�\lhjhc�djblbq_kdhc� lhqdb�\�g_c

j_Zebam_lky� ��o�nZagh_�jZ\-
gh\_kb_�� djbklZeeu� 1D2CO3

b�^\_�nexb^gu_�nZau��h^gZ

ba�dhlhjuo�h[h]Zs_gZ�+2O,
^jm]Zy� ²� 1D2CO3. <Z`gh

hlf_lblv�� qlh� jZkl\hjb-
fhklv� 1D2CO3� \� \h^_� ijb

^Z\e_gbb� gb`_� ���� FIZ� k

ih\ur_gb_f� l_fi_jZlmju

iZ^Z_l���b���ijb�l_fi_jZlmj_

________________________

Jbk�� ���NZah\u_� jZ\gh\_-
kby� \� kbkl_f_� &D�2+�2–CaCO3

[11].
&+�²�]b^jhhdkb^�dZevpby�

&&�²�dZj[hgZl�dZevpby��/�²�jZk-
ieZ\��9�²�]Zah\Zy�nZaZ
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Jbk�� ��� NZ�

ah\u_� jZ\gh\_kby� \

kbkl_f_� &D&23–H2O
ijb�^Z\e_gbb������[Zj

[11]
__________________

\ur_� ���� �K� klj_-
fblky�d���>�@��Khhl-
\_lkl\_ggh� g_agZ-
qbl_evguf� [m^_l� b

\ebygb_� G2H� gZ

l_fi_jZlmjm� ieZ\-
e_gby� 1D2CO3.

<�k\yab�k�wlbf�^bZ-
]jZffZ� nZah\uo

hlghr_gbc� \� kbk-
l_f_� 1D2CO3–H2O,
ijb\_^_ggZy� \� jZ-
[hl_� >��@�� lZd`_

y\ey_lky� g_dhj-
j_dlghc��;he__� lh]h��gZf�ij_^klZ\ey_lky�� qlh� aZdZehqguc�f_lh^

^ey�bamq_gby�nZah\uo�jZ\gh\_kbc�\�kbkl_fZo�k�h[jZlghc�aZ\bkb-
fhklvx�jZkl\hjbfhklb�hl�l_fi_jZlmju�\hh[s_�g_�ijb]h^_g��Wlb

`_� aZf_qZgby� fh`gh� \ukdZaZlv� b� ih� hlghr_gbx� d� kbkl_f_

NaAlSi3O8–Na2CO3–H2O [17].
<Z`ghc� hkh[_gghklvx� kbebdZlgh�dZj[hgZlguo� kbkl_f� k

\h^hc� y\ey_lky� ]b^jheba� dZj[hgZlh\�� dhlhjuc� khijh\h`^Z_lky

h[jZah\Zgb_f� ]b^jhdkb^h\�s_ehqguo� b�s_ehqgha_f_evguo� we_-
f_glh\

Na2CO3 + H2O → NaHCO3 + NaOH

=b^jheba�ijb\h^bl�d�kha^Zgbx�s_ehqghc�kj_^u��\�dhlhjhc

ZexfhkbebdZlgu_�fbg_jZeu�jZaeZ]Zxlky�k�h[jZah\Zgb_f�s_ehq-
guo�kbebdZlh\�

NaAlSi3O8 + Na2CO3 + H2O →
NaAlSiO4 + Na2Si2O5 + H2CO3

WlZ� hkh[_gghklv� dZj[hgZlh\� bkihevam_lky� ijb� kbgl_a_

d\ZjpZ� \� ]b^jhl_jfZevguo� dZj[hgZlguo� jZkl\hjZo�� ]^_� i_j_ghk

dj_fg_a_fZ�hkms_kl\ey_lky�\�\b^_�jZkl\hjbfuo�dZj[hgZlh\��Ijb

ba[uld_�s_ehq_c�\�kbkl_f_�1D2CO3–SiO2–H22�ba�jZkl\hjZ�fh`_l
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dhg^_gkbjh\Zlvky�ly`_eZy�`b^dZy�nZaZ��h[h]Zs_ggZy�1D22�b�6L22

>�@��Ijb�l_fi_jZlmj_������K�kh^_j`Zgb_�G2H�\�g_c�iZ^Z_l�^h�����

fZk�� �� b� hgZ� ijbh[j_lZ_l� h[ebd� kbebdZlgh]h� jZkieZ\Z� >�@�

<�kbebdZlgh�dZj[hgZlguo�kbkl_fZo�k�\h^hc�ihy\e_gb_�wlhc�nZau

fh`gh�jZkkfZljb\Zlv�dZd�jZkkeZb\Zgb_��H[eZklv�g_kf_klbfhklb�k

mqZklb_f�s_ehqguo�nexb^h\� [ueZ� h[gZjm`_gZ� gZfb� \� kbkl_f_

Na2O–Al2O3–SiO2–H22� >�@�� JZkkeZb\Zgb_� \�s_ehqgh�dZj[hgZlgh�

kbebdZlguo� kbkl_fZo� k� \h^hc� ke_^m_l� h`b^Zlv� ijb� ^Z\e_gbyo

[hevr_� �����FIZ� dh]^Z� \� kbkl_f_� 1D2CO3–H22� \hagbdZxl� ^\_

nZau��\h^gh�dZj[hgZlguc�nexb^�b�dZj[hgZlgh�\h^gZy�`b^dhklv

�jbk�����

Jbk�� ��� NZah\u_� jZ\gh\_kby� \� kbkl_f_� 1D2CO3–H22�� ijh_dpby

lj_of_jghc�fh^_eb�gZ�dhhj^bgZlgmx�iehkdhklv�W—x.
�� ²� lj_onZagh_� jZ\gh\_kb_�� �� ²� ^\monZagh_� jZ\gh\_kb_� �djbklZeeu

Na2CO3���jZkl\hj�����²�^\monZagh_�jZ\gh\_kb_��^\Z�jZkl\hjZ���qbkeZ�m�djb\uo�—
^Z\e_gb_��d]�kf2���Ih�^Zgguf�[ 9]
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<Z`gmx�jhev�\�fZ]fZlbq_kdbo�ijhp_kkZo�k�mqZklb_f�m]e_-
dbkehlu�b�dZj[hgZlh\�b]jZ_l�dbkehlgh�hkgh\gh_�\aZbfh^_ckl\b_�

KbebdZlgu_�b�kbebdZlgh�dZj[hgZlgu_�jZkieZ\u�y\eyxlky�hdkb^-
gufb�kbkl_fZfb�b�d�gbf�\�iheghc�f_j_�ijbf_gbfh�hij_^_e_gb_

dbkehl� b� hkgh\Zgbc�� ij_^eh`_ggh_� =�� Exdkhf� >��@�� Kh]eZkgh

wlhfm�hij_^_e_gbx��\�hdkb^guo�kbkl_fZo�hkgh\Zgbyfb�y\eyxlky

hdkb^u��kihkh[gu_�hl^Z\Zlv�bhg�dbkehjh^Z��Z�dbkehlZfb�hdkb^u�

kihkh[gu_�ijbkh_^bgblv�bhg�dbkehjh^Z��Lbibqgufb�ijbf_jZfb

dbkehlgh�hkgh\gh]h� \aZbfh^_ckl\by� \� hdkb^guo� kbkl_fZo� y\ey-
xlky�j_Zdpbb�

Na2O + SiO2 → Na2SiO3        (1)
Na2O + CO2 → Na2CO3          (2)
Na2O + H2O → 2 NaOH      (3)

Hlghkbl_evgmx� dbkehlghklv� hdkb^h\� 6L22, CO2 b� +2O
fh`gh�hp_gblv�ih�\_ebqbg_�baf_g_gby�k\h[h^ghc�wg_j]bb�\�wlbo

j_Zdpbyo�\� klZg^Zjlguo�mkeh\byo��GZ�jbk�� ��ijb\_^_gu�baf_g_-
gby� k\h[h^guo� wg_j]bc� h[jZah\Zgby� ]b^jhhdkb^h\�� lblZgZlh\�

dZj[hgZlh\� b� nhknZlh\� ba� hdkb^h\�� hlg_k_ggu_� d� baf_g_gbyf

k\h[h^ghc� wg_j]bb� h[jZah\Zgby� khhl\_lkl\mxsbo� kbebdZlh\�

AgZq_gby�∆*�^ey�]b^jhhdkb^h\��kbebdZlh\��lblZgZlh\��dZj[hgZlh\
b�nhknZlh\�\aylu�ba�kijZ\hqgbdZ�>�@�b�ba�jZ[hl�>��@��Ba�jbkmgdZ

ke_^m_l��qlh�\h^Z�ih�hlghr_gbx�d�6L22 y\ey_lky�keZ[uf�hkgh\Z-
gb_f��lZd�dZd�∆G]b^jhhdkb^� / ∆G kbebd < 1. Dbkehlgh�hkgh\gu_�k\hc-
kl\Z�7L22�b�6L22 hq_gv�[ebadb�∆GlblZg�/ ∆G kbebd�∼ 1. CO2�b P2O5 \u-
klmiZxl�ih�hlghr_gbx�d�6L22�dZd�dbkehlu��Bkoh^y�ba�wlh]h�jZ\-
gh\_kby�\�bahdZlbhgguo�j_Zdpbyo�lbiZ�

Na2SiO3 + CO2 → Na2CO3 + SiO2          (4)
[m^ml� kf_s_gu� \ijZ\h��?kl_kl\_ggh�� qlh� wlh� mkeh\b_� [m^_l� \u-
ihegylvky�lhevdh�ijb�gbadbo�l_fi_jZlmjZo�beb�ijb�\ukhdhf�iZj-
pbZevghf�^Z\e_gbb� &22��^hklZlhqghf��qlh[u�ih^Z\blv� l_jfbq_-
kdmx�^bkkhpbZpbx�dZj[hgZlZ��Y\e_gby�gbadhl_fi_jZlmjghc�dZj-
[hgZlbaZpbb� kbebdZlh\�rbjhdh� jZa\blu� \� ijbjh^_�� hkh[_ggh� \

mevljZhkgh\guo�ihjh^Zo��]^_�ih�heb\bgm�jZa\b\Zxlky�dZj[hgZlu

b�ijhbkoh^bl�h[jZah\Zgb_�d\ZjpZ��:gZeh]bqguc�ijhp_kk�gZ[ex-
^Z_lky� \� \heeZklhgblh\uo� kdZjgZo�>Zevg_]hjkdh]h� f_klhjh`^_-
gby��]^_�ih�\heeZklhgblm�jZa\b\Z_lky�dZevpbl�b�d\Zjp�

<�j_Zdpbyo�k�jZagufb�dZlbhgZfb�ijhp_kk�[m^_l�gZijZ\e_g

lZdbf�h[jZahf��qlh[u�&22�[ue� k\yaZg� k� kbevguf�hkgh\Zgb_f�� Z

SiO2�k�[he__�keZ[uf�

Na2SiO3 + CaCO3 → CaSiO3 + Na2CO3     (5)
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Jbk�� ���Khhlghr_gby�f_`^m�klZg^Zjlgufb�k\h[h^gufb�wg_j]by-
fb�h[jZah\Zgby�hdkb^guo�kh_^bg_gbc�

Ijb�jZkl\hj_gbb�&22�\�kbebdZlghf�jZkieZ\_�qZklv�dbkehjh^Z�hl

hdkb^h\�f_lZeeh\�i_j_oh^bl�d�&22�k�h[jZah\Zgb_f�dZj[hgZlguo

dhfie_dkh\��gZijbf_j�

Mg2SiO4 + CO2 → MgCO3 + MgSiO3       (6)

<�j_amevlZl_�wlh]h�kl_i_gv�ihebf_jbaZpbb�kbebdZlgh]h�jZkieZ\Z

\hajZklZ_l��:gZeh]bqgh_�y\e_gb_�gZ[ex^Zehkv�gZfb�ijb�\aZbfh-
^_ckl\bb� k� kbebdZlguf�jZkieZ\hf� 32O5� >�@��<�dbkeuo� Zexfhkb-
ebdZlguo� jZkieZ\Zo� wlhl� ijhp_kk� fh`_l� ijb\_klb� d� kf_s_gbx

khklZ\Z�jZkieZ\Z�\�iexfZablh\mx�h[eZklv�b�^Z`_�d�djbklZeebaZ-
pbb� dhjmg^Z�� <� jZkieZ\Zo� hkgh\gh]h� khklZ\Z� ijb� jZkl\hj_gbb

CO2� h[jZamxlky� dZj[hgZlgh�kbebdZlguc� jZkieZ\�� \� dhlhjhf� kb-
ebdZlgZy�qZklv�[he__�ihebf_jbah\ZgZ�q_f�bkoh^guc�jZkieZ\�b��\h

\kydhf� kemqZ_�� k\h[h^gZy� m]e_dbkehlZ� g_� \� khklhygbb� baf_gblv

khklZ\�kbebdZlgh]h�jZkieZ\Z� lZdbf�h[jZahf��qlh[u�ba�g_]h�djb-
klZeebah\Zebkv� iZjZ]_g_abku� s_ehqguo� ihjh^�� Ihebf_jbaZpby

jZkieZ\Z�hkgh\gh]h� khklZ\Z�ijb�jZkl\hj_gbb� &22�ij_djZkgh�be-
exkljbjm_lky�nZah\ufb�hlghr_gbyfb�\�kbkl_f_�&D0J6L2O6 –
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Jbk������NZah\u_�jZ\gh\_kby�\�kbkl_f_�&D0J6L2O6–Mg2SiO4 [6].
Kbkl_fZ�k�ba[uldhf�&22��kiehrgu_�b�`bjgu_�imgdlbjgu_�ebgbb��khihk-

lZ\eyxlky� k� hlghr_gbyfb� ieZ\dhklb� \� hlkmlkl\b_� e_lmqbo� �lhgdbc� imgdlbj��

'L�²�^bhikb^��)R�²�nhjkl_jbl��/�²�jZkieZ\��9�²�iZjh\Zy�nZaZ

MgSiO4��]^_�jZkl\hj_gb_�&22�ijb\h^bl�d�jZkrbj_gbx�ihey�djb-
klZeebaZpbb� ^bhikb^Z� \� h[eZklv� khklZ\h\� [h]Zluo� 0J2SiO4

�jbk������

Hkh[mx� jhev� dZj[hgZlu� b]jZxl� \� ijhp_kkZo� h[jZah\Zgby

s_ehqguo�ihjh^��Ijh[e_fZ�]_g_abkZ�s_ehqguo�ihjh^�aZdexqZ_l-
ky� \� g_h[oh^bfhklb� i_j_\h^Z� d\Zjpkh^_j`Zsbo� fbg_jZevguo

ZkkhpbZpbc�\�[_kd\Zjp_\u_�n_ev^riZlhb^gu_�iZjZ]_g_abku��Wlh

\hafh`gh �lhevdh �\ �lhf�kemqZ_��_keb�\�iZj_�k�dZj[hgZlZfb�\�ijh-
p_kkZo�dbkehlgh�hkgh\gh]h�\aZbfh^_ckl\by�mqZkl\m_l�\h^Z��GZb-
[he__� gZ]ey^gh� i_j_oh^� d�n_ev^riZlhb^guf� iZjZ]_g_abkZf� be-
exkljbjm_lky� nZah\ufb� jZ\gh\_kbyfb� \� kbkl_f_� 1D$O6L3O8–
CaCO3–H22� �jbk�� ����� Ijb� \aZbfh^_ckl\bb� &D&23� k� \h^hc� \

kbkl_f_�ijhl_dZxl�j_Zdpbb :

CaCO3 + H2O → Ca(OH)2 + CO2             (7)
2NaAlSi3O8 + 5Ca(OH)2 → CaAl2Si2O8 + 4CaSiO3 + 5H2O (8)

Ijb�m\_ebq_gbb�kh^_j`Zgby�&D&23�\�kbkl_f_�ijhbkoh^bl�aZf_gZ

1D�gZ�&D�\�ieZ]bhdeZa_�

2NaAlSi3O8 + CaCO3 → CaAl2Si2O8 + Na2CO3 + 4SiO2     (9),

]b^jheba�dZj[hgZlZ�gZljby�

Na2CO3 + H2O → 2NaOH + CO2                    (10)



199

Jbk�� ���� >bZ]jZffZ� nZah\uo� jZ\gh\_kbc� \� kbkl_f_� 1D$O6L3O8–
CaCO3–H22�ijb�^Z\e_gbb���d[Zj��>��@�

3O�²�ieZ]bhdeZa��:R�²�\heeZklhgbl��1H�²�g_n_ebg��/�²�jZkieZ\��9�²

iZjh\Zy�nZaZ

b�h[jZah\Zgb_�g_n_ebgZ�

2NaAlSi3O8 + 4NaOH → 2NaAlSiO4 + 2Na2Si2O5 + 2H2O (11)

Ba[ulhqguc� dj_fg_a_f� Zev[blZ� k\yau\Z_lky� \� \heeZklhgbl� beb

^bkbebdZl�gZljby�� Ihke_^gbc� bf__l� \ukhdmx� jZkl\hjbfhklv� \
\h^ghf�nexb^_�b�kh[kl\_gghc�nZau�g_�h[jZam_l��LZdbf�h[jZahf�

s_ehqgu_� iZjZ]_g_abku� h[jZamxlky� \� j_amevlZl_� 0dbkehlgh�
hkgh\gh]h� \aZbfh^_ckl\by� f_`^m� kbebdZlZfb�� dZj[hgZlZfb� b

\h^hc��S_ehqghc�nhg� kj_^u� aZ^Z_lky� ]b^jhebahf� dZj[hgZlh\� b

i_j_oh^hf�ba[ulhqgh]h� dj_fg_a_fZ�ba� kbebdZlgh]h� jZkieZ\Z� \h

nexb^gmx�nZam�

�<u\h^u

���DZj[hgZlu� b� kbebdZlu� y\eyxlky� kljmdlmjgh� kh\f_klb-
fufb� dhfihg_glZfb��<� l\_j^hf� khklhygbb� hgb� h[jZamxl� ^\hc-
gu_� kh_^bg_gby� lbiZ�dZgdjbgblZ�� \�`b^dhf� khklhygbb�hgb� kih-
kh[gu� h[jZah\u\Zlv� ]hfh]_ggu_� jZkieZ\u�� mklhcqb\u_� \�rbjh-
dhf�^bZiZahg_�khklZ\h\�
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���NZah\u_�jZ\gh\_kby�\�kbebdZlgh�dZj[hgZlguo�kbkl_fZo

k�\h^hc�hij_^_eyxlky�^\mfy�nZdlhjZfb��jZkl\hjbfhklvx�dZj[h-
gZlZ�\�\h^_�b�gZijZ\e_gghklvx�ijhp_kkZ�]b^jhebaZ�dZj[hgZlZ�

��� <� jy^m� dbkehlghklb� dZj[hgZlu� aZgbfZxl� iheh`_gb_

f_`^m�dbkehlguf�hdkb^hf�32O5�b�g_cljZevguf�ih�hlghr_gbx�d

SiO2�^bhdkb^hf�lblZgZ�7L22.
JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�Jhkkbckdh]h�nhg^Z�nmg-

^Zf_glZevguo�bkke_^h\Zgbc��=jZgl���������������
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