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3aB. Jlaboparopun UuCcTHTYT MuKpOOHOIOTHH
Axanemus Hayk PecrryOnmku Y30ekucraH,

JTIOKTOp OMOJIOTHYECKUX HAYK, aKaJIeMUK

MATEMATHYECKAS OBPABOTKA PE3YJIbTATOB CUHTE3A BUHUJIOBbIX 3®HUPOB
OUAHYPOBOU KUCJIOTHI

AHHoTanusi. B crathe npuBEAEHBI pe3ysbTaThl UCCIEAOBAaHMUS NPOIECCa TOMOTEHHOTO KaTalTUTHYECKOTO
BUHUIMpPOBaHus 2,4,6-tpuruapokcu 1,3,5-TpuasuHa aneTuieHoM Ha OCHOBE BBICOKO-OCHOBHBI cuctem: [IMCO,
JAM®A; TuapoKCHIOB JUTHA, HATPHS U Kaust. OnpeeneHo, 4To B Mpoliecce CHHTe3a 00pa3yroTcss MOHO-, IU- U
TpU-BUHWIOBBIE 3(upbl TpuasuH. HaiineHbl onTHUManbHBIE IapaMeTpbl IPOIecca, OIPENEeNICHO BIHMSIHUCE
MPOAOJDKUTENBHOCTU TIPOBEACHUS PEAKIMH M TEMIEPaTyphl, KOJIMYECTBA M CKOPOCTH MNOJAYU aleTUIICHA,
HOPUPOABI KAaTalM3aTOPOB M PACTBOPUTENEN Ha BBIXOJ LENEBBIX NpoaykTra. CTPYKTypa CHHTE3UPOBaHHBIX
BUHWIOBBIX 3(HUpoB moxaTeepkaeHa aannbivu UK, H, BC-SIMP cnekrpanbHble aHanmu3ob. IlomyueHHbIE
pa3paboTaHbl MaTeMaTHYECKHMMH MOJCIISIMH M METOJaMH. AHalU3 IIOJyYEHHBIX JKCIIEPUMEHTAIbHBIX
Pe3yNIbTaTOB XMMHUYECKOTO IpOIecca MOKa3al MX COOTBETCTBHE C TEOPETHYECKHMHM JAaHHBIMH. Pa3paboraHbl
JUarpaMMBbl Pe3yJbTaTOB SHEPIMH aKTHBAIMHA W JAWHAMHKA M3MEHEHUS KHHETHYECKHX IMapaMeTpoB, a TaKXKe
MpHBeIH TpadUKN aHATUTHIECKNX (YHKITHH.

OmnpenesieHa 3HAYCHHWE BBIXOAAa MPOAYKTOB: IMMOKasano, dro npu temmeparype 80-120 °C
MIPOIOJDKUTEIBHOCTH PEaKIMH 6 YaCOB BBIXO/ BHHWIOBBIX A(DHPOB IIHAHYPOBBI KUCIOTH yBennuauBaercs: (12,2—
18,2) mono-BuHMIOBOTO 3¢Upa, (14,6-21,8) mu-BuHMIOBOTO 3dHpa U (12,4-22,6) % Tpu- BUHUIOBOTO 3dupa
COOTBETCTBEHHO. YCTAHOBJICHA, YTO JajibHElIee MOBBINICHHE Temieparypsl peakimu (140 °C) mpuBoauT K
YMEIICHHIO BBIX0J1a MPOAYKTOB 10 16,4; 16 1 10,8 % COOTBETCTBEHHO JJIsi MOHO-, IU- U TPH-BUHUIOBBIX 3(HPOB.
YCTaHOBJIEHO, YTO ONTUMAIBHBIM PEXHM OT INPOBEACHUS DKCIEPHUMEHTOB SIBIISETCA: MPOJOILKUTENBHOCTh 6
yacoB, Temneparypa 120 °C, kou4ecTBO KaTanu3aTopa OTHOCUTENBHO KHCIOT 10 % OT Macchl KUCIIOTHL, CKOPOCTh
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nojauu anetruicHa 4,5 n/cek. BpUICHBI yCIOBUS MaKCHMAIILHOTO BBIXOAA 00IIas BHHWIOBOTO 3dupa (62.6%)
UMaHYPOBOU KUCIIOTHI.

Abstract. In article results by investigation of catalytic homogeneous vinylation of 2,4,6-trihydroxy-1,3,5-
triazine (cyanuric acid) by acetylene on the base high-based system: DMSO, DMF; hydroxides of lithium,
potassium and sodium. It was determined that in process of synthesis mono-, two- and three-vinyl ethers of
cyanuric acid have been formed. Optimal parameters of investigated process were determined: influence of
duration of reaction temperature and rate of feeding acetylene, nature of using catalysts and solvents on yield of
forming products. Structure of the synthesized vinyl ethers was been proved by data of such methods IR, H, 3C-
NMR spectral analyzes. Obtain results were treated wish using mathematical models and methods. Analysis of
obtained experimental results of investigated chemical process has shown corresponding to theoretical data.
Diagrams of results of activation energy and dynamics of changing of kinetic parameters have been elaborated and
also graphs of analytical functions are also presented. Values of products yields have been determined: it was
shown that at temperature of 80—120 °C for and duration of reaction 6 h, yield of vinyl ethers of cyanuric acid have
increased: (12.2-18.2) of mono-vinyl ether, (14.6-21.8) two-vinyl ether and (12.4 - 22.6) % three-vinyl ether,
correspondence. It was determined that further increase of temperature (140 °C) has carried out to he creasing of
yields of products to 16.4; 16 and 10.8 % correspondence for mono-, two- and thee-vinyl ethers. It was determined
that optimal optimal regime for carrying out of experiments was: duration of reaction 6 hours, temperature 120 °C,
quantity of catalyst relatively of initial reagent (cyanuric acid) - 10 mas %, (from it’s mass) and rate feeding of
acetylene 4.5 | / sec. The conditions for the maximum vyield of total vinyl ester (62.6%) of cyanuric acid were
determined.

Kntouesvie cnosa: ayemunen, euHunupoganue, GUHUIOBbIU 3up, YUAHYPOBOU KUCIOMbL, MOHO,- OU- U Mpu
BUHUJL Yuanypam.

Key words: acetylene, vinylation, ethers of cyanuric acid, mono,- two- and three vinyl cyanurates.

INTRODUCTION microelectronics; various solvents in the textile
Obtaining complex compounds with the industry [13-15].
participation of cyanuric acid is becoming relevant in Cyanuric acid and its derivatives are widely used

the world industry. The formation of certain cyanuric  in various industries. The introduction of a vinyl group
acid derivatives due to the exchange of a hydrogen into a cyanuric acid molecule has increased its
atom and sulfur containing compounds by oxygen biological activity and expands the scope of its using
substitution has been theoretically studied [1]. Also, [16-18]. Mathematical processing the results obtained
with the participation of cyanuric acid and melamine, in chemical reactions, finding a mathematical formula
supramolecular clusters were obtained [2-5]. The use of ~ for the course of such processes is important at
cyanuric acid and some of its homologs is becoming  elaboration of technology and determining the
more promising in metallurgy. It should be emphasized  technological parameters of the synthesis of organic
that due to the content of the hydrogen atom in the  compounds [19].
composition of cyanuric acid, it has a special tendency In this paper is presented the mathematical
to form the Hamilton complex [6,7]. Because of these  processing of the obtained experimental results by
properties, cyanuric acid has gained importance for the  catalytic vinylation of cyanuric acid with acetylene.
biochemical and pharmaceutical industries [8-12]. EXPERIMENTAL

Currently, vinyl esters and ethers are widely used The least squares method has allowed the
in various industries: including as biological active experimental data to select such analytical function that
substances in medicine; monomers for the production  passes as close to the experimental points as possible.
of polymers and plastic materials; inhibitors in the oil  In the general case, the problem can be formulated as
and gas industry; crosslinking agents in the follows. Let result of the experiments in a certain
manufacture of rubber and rubber; adhesives in  experimental dependence y (x), was obtained which in

is presented in table:
X X1 Xy X3 Xn_1 X

Yy V1 Y2 V3 Yn-1 In

It is necessary to build an analytical dependence  function f(x, a,, a,, ..., a;) it in necessaries, by such
f(x,aq,a,, ..., a;), that most accurately describes the  method so that the sum of the squared deviations of the
results of the experiment. To building function measured values v from calculated
parameters f(x,ay,a,,..,a;) the least squares Y; = f(x,ay,a,,..,a;) would be the smallest (Fig.1):
method. Was used which is concluded that

S(all a2! ---,ak) = Z?’:l[yi - Yl]2 = Ln:l[yi - f(xr all a2! "'!ak)]z - mln (1)
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Fig 1. Analytical dependence of product yield on temperature
The task consists of two stages:
1. By use it’s the results of the experiments, to 95 _
determine the appearance of the selected dependence. ”a‘?
2. Choose the coefficients of dependence ey 0 )
Y = f(x,a4,ay, ..., a;). Mathematical, the problem of
selecting the coefficients of dependence is reduced to :_5 =
ak

determining the coefficients a; from the condition (1).

The sufficient condition for the minimum function
S(aq,a,, ..., a;) (1) is the equality to zero of all its
partial derivatives. Therefore, the problem of finding
the minimum of function (1) is equivalent to solving a
system of algebraic equations:

an+a, Y x tag Yt xF+ ot a Xt xf =
K
ar Xiz1 X + ay Z?=1xi2 +as ¥, xi3 ot a Xin X = X Xy

a; Yl xf + a Xy x T+ ag
System (4) can be written in matrix form:
()

Elements of the matrix C and vector g are
calculated by the formulas:

n
_ i+j-2
Cij= E X

k=1

Ca=g,

i=1,.,k+1j=1.k+1, (6)

1, .. k+1. @)

_ \n i-1 : _
gi = Zk=1YiXk 1=

If the parameters a; are introduced in dependence
Y =f(x,a4,a,..,a;) linearly, then system (3)
consisting from k linear equations with k unknowns
will be obtained:

J5m=0

daq

i)
?:1 z[yl - f(x! A, Ay, oy ak)] 6; =0
2

a2y~ f(xag,ap, 0, ap)
®3)

o
12l — f(x a1, a5, @] 5= 0
In general, a system of equations for calculating
parameters a; polynomial k —1 —st degree Y =
Kk a;x""! has the form:

i=1
1= =1 Vi
1 (4)
?=1JCL‘RJr2 + ~~+ak2?=1xi2k_2 = ?=1xikYi
Having solved system (4), parameters of

dependence Y = a; + a,x + azx? + -+ + a4, x* can
be determined.

RESULTS AND DISCUSSION

The influence of the nature of the solvent and
catalyst, the temperature and the feed rate of acetylene
on the formation of vinyl compounds on the base of
cyanuric acid has been investigated. Cyanuric acid
vinyl compounds were synthesized by catalytic
vinylation involving acetylene owing to its active
hydrogen atoms [20].

DMSO, DMF were used as a solvent, and LiOH,
NaOH, and KOH as catalysts. In this case, the
formation of mono-, two- and three-vinyl ethers of
cyanuric acid was established. The results showed that
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with an increasing of the amount of catalyst, the yield

of products has increased.
The activation energy and reaction rate were
calculated in order to determine the kinetic parameters

of cyanuric acids (table 1).

of the synthesis of mono-, two- and three vinyl ethers

Table 1.

Kinetic parameters of the synthesis of mono, two, three-vinyl ethers of cyanuric acid
(DMSO solvent, KOH catalyst)

The duration of the Product yield: Average reaction rate
. Temperature, °C
reaction, hour % | moll %/ hour mol / Lh
Synthesis mono-vinyl ether of cyanuric acid
80 12,2 0,99 441 0,22
6 100 16,7 1,35 6,03 0,30
120 18,2 147 6,57 0,32
140 16,4 1,32 5,92 0,28
Synthesis two-vinyl ether of cyanuric acid
80 14,6 1,19 5,28 0,26
6 100 18,6 151 6,73 0,34
120 218 1,78 7,89 0,40
140 16,0 1,30 5,27 0,29
Synthesis three-vinyl ether of cyanuric acid
80 124 1,01 4,48 0,22
100 148 1,20 533 0,26
6 120 22,6 1,86 8,15 0,42
140 10,8 0,88 3,89 0,20

Using the tables, it is possible to elaborate a
mathematical model of the reactions. Mathematical
model and has been composed an analytic function for

each table has been found. According to the results, the

most effective reaction is the reaction, the duration of
which is 6 hours. For brevity, mathematically a model
of these reactions in presented:

1-table model:
t; 80 100 120 140
U; 12.2 16.7 18.2 16.4
4 4
S(all az, ..., ak) = Z[ul - Ui]z = Z[ul - f(ti) a,, a,as, a4—)]2 - min
i=1 i=1
f(ti a1, a5,a3,a4) = a; + ayt; + azty® + ast®
From (2) we obtain system (8) from 4 linear equations with 4 unknowns:
i1 2[w; — a; — axt; — ast® — aut*] = 0
i 2[w; —ay — apt; — ast? — 2]t =0
i=12[w; — a1 — azt; — ast® — ant’] 62 =0
St 2[w —ag + axt; + agti? + ant®] 63 =0
From here we get the system:
4a; + a; Z?:l t; +az Z‘il=1 tiz +a, Z‘il=1 ti3 = Z?=1 U;
G Yt + @ Yl tf Fag Y tP +a Bt = Tty
ay X tf +ap iy 67+ az iyt + as X, tis =Y tiy
a, Z?:l ti3 +a; Z‘il=1 t? +az Z?:l tis + Qg1 Z‘il=1 tiﬁ = Yim1 tl-3ui
In matrix form, system (9) can be written as:
4 440 50400 5984000 a; 63,5
440 50400 5984000 73248-10* az | _ 7126
50400 5984000 73248 - 10* 919424 - 10° as 828600
5984000 73248-10* 919424-10° 11777664 -10° Ay 99397600

EESY| |
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Having solved system (9), we determine the dependence parameters

a; = —29,8;a, = 0,715;a; = —18,75-10~%; a, = —62,496 - 10~7

and function f = —29,8 + 0,715x — 18,75 - 10™*x2 — 62,496 - 10~ 7x5.
Now using the Maplel8 program, it is possible to construct a graph of this function and a diagram of the
results (Fig. 2).
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Fig 2. The in fluense of temperature on the yield of mono-vinyl ester of cyanuric acid; (a) experimentally;
(b) the results of mathematical processing.

t; 80 100 120 140
9; 441 6,03 6,57 592
u; 12.2 16.7 18.2 16.4

4 4
S(alﬂ as, ..., ak) = Z[ui - Ui]z = Z[ui - f(tiiﬁi! a;,az,as, a4)]2 - min
i=1 =

i=1
f(tl' 19“ al, az, a3, a4) = altl + aztiz + a3tl79l + a47.9i2
From (2) we obtain system (10) from 4 linear equations with 4 unknowns:

Vi 2[w; = (agt; + agty® + astyd; + a,9;%)]t; = 0
Zlil-=1 Z[ui - (alti + azti2 + a3ti19i + a419,:2)] ti2 =0

10)
?’:1 Z[ui - (alti + aztiz + a3ti19i + a419i2)] tiﬁi =0
2?212[111- - (alti + aztiz + a3tl~19i + a419i2)] 19i2 =0
From here the following system will be obtained:
A Yl tE 4 ap Yoy 6 + as Ty 79 + ag i, 69 = Tty
a; Z?=1 ti3 +a, ?:1 t? +asz ?:1 ti379i +a, Z?=1 ti219i2 = ?:1 uitiZ (11)

Ay Yoy 670 + ap Doy 170, + az i 79,7 + ay Tioy 197 = Xio, wity;
2 2 3 4 2
a Yy 607 + ap Doy t79° 4 az Dl 6957 + Qpyr Diey 9 = Xy wid;

System (11) can be written in matrix form:

50400 5984000 299164 15278,222 a; 7126
5984000 73248-10* 35885360 1796560,84 a |\ _ 828600
299164 35885360 1796560,84 91864,57586 [| a3 | ~ | 4231546

15278,222 1796560,84 91864,57586 4791,802388/ ‘44 2204,85599

Having solved system  (11), the dependence  parameters a; = 0,151887768503185;
a, = —8,17174362595097 - 107%; a; = —0,0222409649173869; a, = 0,432874298761817 and function
f(t;, 9 a1,a,, a3 a,) = 0,151887768503185t; — 0,0000817174362595097t,% —
0,0222409649173869t;9; + 0,4328742987618179;% have been determined.
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2-table model:
t 80 100 120 140
u; 14.6 18.6 21.8 16

4

4
S, @, o) = D T = Uil? = ) [ty = £ (t 1,0, 03, 0)12 — min
i=1 i

i=1
f(tyay,az,a3,0,) = a; + ayt; + azt;? + aut®
From (2) system (12) of 4 linear equations with 4 unknowns was obtained:

1 2[w; — ay — apt; — asty® —aut’] =0

1 2[w; — ay — apt; — ast? —t°)t; =0

12)
Z?:l Z[U,i —a, — azti - a3ti2 - a4ti3] tiz =0
t 1 2[u; — ag + axt; + asti? + aut®] 2 =0
From here the following system can be obtained:
4a, + a, Z?ﬂ t;+az ?:1 tiz +a, Z?’:l ti3 = ?:1 U;
4 4 2 4 3 4 4 __ 4
Q Ximati+ap Xima G Haz Xis 6 +ag Yimq ti = Xinq tiwy (13)
Y titay it as Yl tt ta, T 7 =X tAy
ka1 ittt Yttt e Y tP F e X tf = Xk

System (13) in matrix form can be written as:

4 440 50400 5984000 a; 71
440 50400 5984000 73248-10* a |\ _ 7884
50400 5984000  73248-10*  919424-10° as || 906960
5984000 73248-10* 919424 -10° 11777664 -10°/ ‘%4 107649600

Solving the system (13), parameters dependence a; = 154,6;a, = —4,67666;a; = 0,05025; 0. =

4
0,0001708336 and function f = 154,6 — 4,67666x + 0,05025x2 + 0,0001708336x3., can been determined.
Now, using the program Maplel8, a graph of this function and a diagram of the results can been determined

(Fig. 3).
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Fig. 3. Effect of temperature on the yield two-vinyl ether of cyanuric acid: (a) experimentally;
(b) the results of mathematical processing

t; 80 100 120 140
Y, 5,28 6,73 7,89 5,27
u; 14.6 18.6 21.8 16
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4 4
S(all az, ..., ak) = Z[ui - Ui]2 = Z[ui - f(ti!ﬂi! a,,dz,as, a4)]2 - min
i=1 i=

i=1
f(t, 9 a1, a5, a3, 04) = art; + apt;® + azt;9; + a419i2
From (2) system (14) from 4 linear equations with 4 unknowns will be obtained.

f=12[ul- - (alti + aztiz + a3ti19i + a419i2)]ti =0
Z?:l Z[U,i - (alti + aztiz + a3ti19i + a419i2)] tiz =0

14)
2 (
Z?:l Z[U,i - (alti + aztiz + a3ti19i + a419i )] tiﬁi =0
‘il-:1 Z[U,i - (alti + aztiz + a3tl-19i + a419i2)] 191'2 =0
From here we get the system:
2
a; Z‘il=1 tiz +a; Z?=1 ti3 +as ‘il=1 ti219i +a, Z?=1 69" = Z?=1 u;t;
2
a; Z?=1 tig +a ‘il=1 t? +as ‘i}=1 ti319i +ay Z‘it=1 ti2‘9i = ‘il=1 uitiz (15)
ay Doy t20; + ap iy 79 + ag iy 679 + ay T, 69,° = T, witd;
2 2 3 4 2
a Y 9 + ap D 79+ ag Ty 69,7 + A D 9 = Tl wid;

System (15) can be written in matrix form

50400 5984000 318000 18118,02 a, 7884
5984000 73248-10* 37528160 2072129,84 a |\ _ 906960
318000 37528160  2072129,84 121689,0917 [\ a3 | | 51129,88
18118,02 2072129,84 121689,0917 7475,309905/ \ds 3050,93476

Having  solved system  (15), the dependence  parameters a; = 0,18257393692835;
a, = —3,05057318158219 - 10™%; a; = —0,0174143349854603; a, = 0,333673055662075 and function
f(t;, 9 a1,a,, a3 a,) = 0,18257393692835t; — 3,05057318158219 - 10~4t;2 —
0,0174143349854603t;9; + 0,3336730556620759;°can be determined.

3-table model:
80 12,4 1,01 4,48 0,22
6 100 14,8 1,20 5,33 0,26
120 22,6 1,86 8,15 0,42
140 10,8 0,88 3,89 0,20
t; 80 100 120 140
u; 12.4 14.8 22.6 10,8
4 4
S(ay, az, ..., a) = Z[ui -U)* = Z[ui — f(ti, a1, ay,a3,a,)]* > min
i=1 i=1

f(tyay,az,a3,a4) = a; + ayt; + azt® + ast®
From (2) system (16) from 4 linear equations with 4 unknowns will be obtained:

o1 2[u; — ag — apt; — azt® — aut’] = 0
1 2[uy —ag — apt; — ast® — ¢t = 0
1 2[ug — ag — apt; — ast® — ast®]t? = 0
t12[u; — ag + axt; + asti? + aut®] 2 =0

(16)

From here we get the system:
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day + Nt Has T tf +a Xt = N
G Yt + @ Yl tf Fag Xt} +a Xt = Tty
ay X tf + ap iy 67+ az iyt + as X, tis = Y thy
a X t? + ap it + as T 67+ apea D tf = X,

(17

System (17) in matrix form can be written as:

4 440 50400 5984000 a; 60,6
440 50400 5984000 73248 -10* a | _ 6696
50400 5984000  73248-10* 919424 -10° as 764480
5984000 73248-10* 919424-10° 11777664 -105/ ‘G4 89836800

Having solved system (13), we determine the dependence parameters a, = 556,8;a, = —16,51167;
as = 0,163; a, = —0,000520834 and function f = 556,8 — 16,51167x + 0,163x% — 0,000520834x3.
Now, using the program Maplel8, we construct a graph of this function and a diagram of the results (Fig.4).
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Fig.4. The effect of temperature on the yield of three vinyl esters of cyanuric acid; (a) experimentally;
(b) the results of mathematical processing:

t; 80 100 120 140
Y, 4,48 533 8,15 3,89
u; 12.4 14.8 22.6 10,8

4 4
S(ay, az, .., a) = Z[ui -U)* = Z[ui — f(t,9; a4, a5, a3,a4)]* > min
im1 =

i=1
f(t, 93, a1, 05, a3, a4) = a1ty + Ayt + azt;d; + a,9;
From (2) system (18) from 4 linear equations with 4 unknowns will be obtained.

?:12[111' - (alti + aztiz + a3ti19i + a419i2)]ti =0
;:}:1 Z[ui - (alti + aztiz + a3ti19i + a419i2)] tiz =0

(18)
?:1 Z[Ui - (alti + aztiz + a3ti19i + a419i2)] tiﬁi = 0
?:1 Z[Ui - (alti + aztiz + a3tl-19i + a419i2)] 191'2 =0
From here we get the system:
Ay Yiq 67+ ap Doy 67 4 ag Dioq t79; + ay Tioy 69, = T, wity
a; ?:1 ti3 +a, ?:1 t? +as ?:1 ti379i +a, Z:}=1 tizﬁiz = ?:1 uitiz (19)

2 3

Ay i 70 + ap Tl 79 + ag Ti, t79; 4+ ay X, 697 = By uityd;
9%+ 4 R0 Fas Yk 69,2 + 49 =30 w9t

A1 Li=1LiV; Ay Li=1LV; Az Li=1LV; Ag+1 Li=1Yi i=1 U;v;

System (19) can be written in matrix form:
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50400 5984000 275576 14535,716 a, 6696
5984000 73248 -10* 32381120 1665612,72 a | _ 764480
275576 32381120 1665612,72 95537,32172 as | — 40317,04

14535,716 1665612,72 95537,32172 5850,815511/ ‘G4

23333,89986

Having solved system (19), we determine parameters of the dependence a; = 0,15863913854156;
a, = —8,94907004671319 - 10™%; a; = 0,00740573017296242; a, = 0,138615079939314 and function
f(t:, 9 a1,a,, a3, a,) = 0,15863913854156t; — 8,94907004671319 - 10™4t,2 +
0,00740573017296242t;9; + 0,13861507993931419i2.

CONCLUSION

After analyzation of kinetic parameters of the
synthesis of cyanuric acid vinyl esters, the average
reaction rate was determined and it’s activation energy
was calculated. Using mathematical modeling, analysis
of graphs of analytical functions and diagrams of
kinetic parameters of synthesis it is possible to
establishe that at a reaction time of 6 hours and a
temperature of 120 ° C the yields of vinyl esters have
reached a maximum values: mono- vinyl 18.2%, di-
vinyl 21.8%, and tri-vinyl - 22.6%.
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PHASE EQUILIBRIA IN THE NA, CA// SO,, F- H.O SYSTEM AT 75°C

Abstract. The phase equilibria in the Na, Ca //SO,, F -

H.O system at 75°C were investigated by the

translation method. The closed phase diagram for the system was constructed based on the obtained data.
Keywords: translation method — phase equilibria — component —geometric images.

Knowledge of the laws of phase equilibria of the
Na, Ca // SO, F — H.O system is necessary to establish
optimal conditions for the separation of sulfate and
fluoride salts of sodium and calcium from natural and
technological solutions containing these salts.

As an analysis of the literature [1] shows, this
system has not been investigated so far. We studied it
using the translation method, which follows from the
principle of compatibility of structural elements n and
(n + 1) component systems in one diagram [2].
According to the translation method, structural
elements of the diagrams of n-component systems
increase their dimension by one unit and translated to
the (n + 1) component composition in a transformed
form when the next component is added to them (at
constant temperature and pressure),. For example, in
this case, invariant points of n - component systems at
the (n + 1) component level turn into monovariant
curves, and monovariant curves into divariant fields,
etc. Transformed geometric images, according to their
topological properties, at the level of (n + 1) component

composition, intersecting each other (observing the
Gibbs phase rule) form geometric images of the system
at this component level. Thus, the translation method
will make it possible to predict the possible phase
equilibria of multicomponent systems (when moving
from the n-component level to the (n + 1) component
level) and theoretically construct their closed phase
diagrams. A more detailed application of the translation
method for predicting the structure of the phase
equilibrium diagram in multicomponent water — salt
systems was considered in literature [3-4].

The studied four-component system includes the
following three-component systems: Na;SOs — CaSO4
— Hzo, NaF — CaF, — Hzo, NaF — Na,SO4 — H,0 and
CaF, — CaSO,4 - H,0.

There are 3, 1, 2 and 1 invaraint points in the
Na,SO; — CaSO4 — H.0, NaF — CaF, — H.O, NaF —
Na;SO4 — H,0 and CaF; — CaSO4 — H20 systems at
75°C respectively according to literature [5]. Table 1
gives the list and equilibrium solid phases at the ternary
invariant points of the listed systems.

Table 1

Phase equilibria in the invariant points of the Na, Ca// SO4,F-H20 system
at 75°C at the level of three-component composition

Invariant point Solid phase composition Invariant point Solid phase composition
Na;SO4 — NaF —H;0 system NaF — CaF, — H.0 system
E3 Wo+Shr E3 Wo+Fo
E3 Shr+Te Na;SO4— CaSO4 — H,0 system
CaF, — CaS04—H,0 system E3 Te+Gb
E3 Fo+ Gp E3 Gb+ 5Ca'Na-3
E3 5Ca-Na-3+ Gp

Letter E in Table 1 and further denotes an invariant
point with an superscript indicating the multiplicity of
the point (system complexity) and subscript indicating
the serial number of the point. Following notations
were used: Te-tenarditis Na;SOs, Gb — glauberite

Na,SO;- CaSOs4, Gp — gypsum CaSO4-2H>0, Wo —
willomite NaF, Fo — fluorite CaF;, Shr — sheireritis
Na2804'NaF, 5Ca-Na-3 - 5C&SO4'N82804'3H20.
Figure 1 shows phase equilibria diagram of the Na,
Call/SO4, F — HO system at 75° C. Unfolded pyramid
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