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Development of the technological process of processing
chromium-containing technogenic materials

The article is devoted to the development of the technological process for the processing chromium contain-
ing technogenic materials, which includes their roasting in the presence of sodium carbonate and the subse-
quent leaching of chromium from the sinter with water. Using the method of stochastic determinated design
of the experiment, a five-factor mathematical model of extracting chromium into a cake was obtained. It is
determined that in order to achieve the minimum recovery of chromium in the cake and, accordingly, the
most complete isolation of the given metal into the solution, it is necessary to conduct batch roasting under
the following conditions: tyas. =960 °C, Ty = 3h, N = 60 %, and leaching at 7., =2h and tig,e, = 60 °C.
The chemistry of the passing processes is shown. It is shown the usefulness of the obtained mathematical
equation for making predictions that are more accurate when introducing the values of the arguments within
the given limits of their variation into the given equation and less accurate at'a considerable distance from
these limits. Calculation in the indicated calcination conditions shows that'the recovery of chromium in the
solution increases with increasing firing temperature, time of its maintenance and consumption of Na,COs.

Keywords: chromite, stochastic determinated design of the experiment, chromium leaching, sodium car-
bonate, sodium chromate, industrial chromium containing wastes, chromite calcination, firing of chromium-
containing batch.

Products with substandard chromium content and the wastes such as dust, slimes and cakes are formed

in the production of chromium, its chemical compounds and alloys with various metals [1-3]. Involvement
of these wastes in the process of conversion is an important and urgent task [4—7].

A commercial product containing wt. %: 20.7 Cr; 6.31 Fe; 34.38 MgO; 0.6 CaO; 20.9 SiO,; 2.86 Al,O;

was selected as an object of research. The experiments-were carried out according to the scheme such as
roasting of industrial products in the presence of sodium carbonate, leaching of chromium with water from
the cake (the ratio of L:S in all experiments was 4:1). The method of stochastic-determinated design of ex-
periment in the modified version was used [8]. In the six-factor plan of the experiment the following factors
such as the roasting temperature (.45, °C), roasting time (7,4, h), consumption of sodium carbonate taken

with respect to the weight of the. commercial product (N, %), time (z..., h) and temperature (¢4cs., °C) of

leaching were varied. The position for one factor in the experiment’s plan remained unoccupied, which is the
vacant factor (Table 1).

Table 1
Plan of the experiment, results of the experiments (Bc.cx, Beb.ex» Cre.exs Ecex)
and.calculations (B, Pen.es Cres, €c.¢). R is correlation coefficient and #; is its significance
troasm Troast.» N: T, T, BsAexs les Bc/bAexA, Bc/bAtA, CrcAexa Crcakem, Ecex.s Ects
c. |l h. |%|h|%C|™] % % % % % % % %
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1| 560 1 20 1 |20 1| 9433 | 94.67 | 70.22 | 68.20 | 21.94 24.08 89.03 94.2
2 560 1.5 |30|1.5[40|2 | 9598 | 96.75 | 64.61 | 6898 | 23.02 22.68 93.41 96.45
3 | 560 2 40| 2 |60| 3| 9536 | 9596 | 65.71 | 67.84 19.67 20.78 87.15 93.44
4 | 560 2.5 |50]125(80|4 | 93.80 | 93.63 | 64.11 | 66.37 17.98 18.58 83.38 87.91
5| 560 3 60| 3 [95|5| 91.79 | 9042 | 60.12 | 65.60 | 20.33 16.05 94.28 80.68
6 | 660 1 30 2 (80| 5| 92.84 | 93.76 | 76.92 | 74.73 18.71 17.35 90.38 79.81
7 | 660 1.5 140(25(95| 1| 92.04 | 9299 | 71.43 | 65.28 18.15 19.5 87.68 84.21
8 | 660 2 50 3 (202 90.43 | 90.73 | 64.21 | 60.48 15.55 16.78 72.11 71.98
9 | 660 25 |60 1 |40] 3| 88.42 | 87.62 | 62.51 | 66.31 17.4 14.75 84.06 74.57
10| 660 3 20| 1.5]60| 4 | 88.88 | 87.52 | 83.31 | 87.92 19.26 18.93 93.04 95.28
11| 760 1 40| 3 |40 4 | 89.55 | 90.64 | 62.96 | 68.89 15.92 12.77 67.68 57.93
12| 760 1.5 |50 1 |60|5 | 87.78 | 88.43 | 56.11 | 63.30 16.29 15.21 66.1 68.19
74 BecTHuk KaparaHguHckoro yHusepcureTa




Development of the technological process ...

—

Continuation of Table

1 2 3 4 5 6 | 7 8 9 10 11 12 13 14 15
13| 760 2 60[15]80| 1] 8573 | 854 703 | 63.72 | 14.81 14.45 80.13 70.07
14| 760 25 [20] 2 19512 | 86.11 | 8531 | 73.33 | 76.93 | 19.08 20.7 81.11 90.98
15| 760 3 30/25(20| 3] 87.80 | 87.18 | 73.85 | 7441 15.2 14.22 70.5 64.8
16 | 860 1 501151953 | 8577 | 86.57 | 53.33 | 62.08 | 12.78 12.01 49.39 52.68
17| 860 1.5 |60 2 |20 4| 83.58 | 83.6 | 50.21 | 56.12 | 11.62 12.05 44.91 51.23
18| 860 2 2025|405 | 83.85 | 83.51 | 63.33 | 71.31 | 2247 17.6 82.49 71.37
19| 860 25 |30 3 |60 1| 8544 | 8534 | 58.46 | 69.05 | 10.07 14.48 39.97 61.13
20| 860 3 40| 1 |80]2 | 85.06 | 84.64 | 74.28 | 68.86 10.5 12.65 52.75 57.27
21| 960 1 60]25]60| 2] 8195 | 82.11 | 60.12 | 57.53 7.75 9.001 35.94 39.15
22| 960 1.5 [20] 3 |80 |3 | 82.03 | 82.02 | 66.67 | 61.17 | 19.37 17.14 7486 59.54
23| 960 2 300 1 [95]4 | 83.48 | 83.82 | 52.31 | 56.34 18.6 16.57 61.1 56.97
241 960 25 |40 1.5)20]5 | 83.05 | 83.14 | 57.14 | 57.45 15.5 12.02 599 45.19
251 960 3 50] 2 |40 1] 81.75 | 81.12 | 64.31 | 64.90 8.5 9.131 39.42 41.68

R 0.9846 0.7270 0.8044 0.8429
I 610.8173 29.3006 43.3080 57.3464

The batch for roasting was prepared by mixing the sample of commercial product, which was the same
in all experiments, and sodium carbonate according to its consumption. Thus, the mass of the batch was vari-
able depending on the consumption of Na,COs.

During the mathematical processing of the experimental data, the yield of the sinter (Byiue» %0), the yield
of cake calculated with respect to the mass of the sinter (Beuesiners %0), the yield of cake, found with respect to
the mass of the initial batch (Byuer, %0), chromium content in the sinter (Cr;er, %0), in the cake (Cr gy, %) and
in the batch (Cryuen, %), chromium recovery in the cake (g.4., %) and in the solution (g, %) were deter-
mined. The relationship between these variables is determined by the following relationships:

b“mm — msinter X 100 ’ (1)
batch
m, ., 100
Bcake/sinter g ’ (2)
sinter
m,,, 100
B cakelbatch — cake b (3)

batch
where Myiuer, Mparen, Meare — are the mass of the sinter, batch and cake, respectively. Using the formulas
(1)—(3), we find:

B — Bsinter ) Bcake/sinter . (4)
cake/batch 1 0 0
The recovery of chromiuminto the sinter is equal to 100 %, which is calculated by the formula:
o CI
Sinter — BS!’U{?V sinter — 100 . (5)
rbatch
The extraction of chromium into a cake is determined by:
e
gcake — B cake/sinter cake . (6)
Cr

sinter
According to (5) the chromium content in the sinter Cry;,,, is:
— 100 ) Crbatch

Crsinter - (7)

B sinter

Substituting this expression to (6), we find:
€ — Bcake/sinter ) Bsintercrcake (8)
ke 100 ’ Crbatch
or, taking into account (4):
— B cake/batch Crcake

cake — . (9)

Crbatch
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The extraction of chromium to the solution is:
g,= 100 — & (10)
Thus, the functions under consideration are related to each other and are interdependent, which is re-
flected on the form of the partial functions obtained in the process of their graphic representation. So,
Beakesaren depends on Pginrer and Peakessiner (4), and the extraction of chromium in the cake (8) is determined by
the mutual influence of the four dependent variables such as Beuiesinters Psinters Cleate a0d Crpgzen.

Table 2
Partial dependencies

Z
°

Function’s name
Yeild of sinter, Siiuer

Equation in logarithmic form

10Byiniert = 6.0942 — 2.4873-10 'Int,pq,
I0Byiniery = 4.4708 — 2.6092- 10 InT, s,
10Byners = 3.8181 — 7.1847-10°N + 0,254InN
InBeakesvarcns =—9.6171 — 3.7299- 10’3tmast_ +2.5116Inty,,
InBeakesvarcna = 3-8216 + 0.34017,,4, — 0.5418In7544,
I0Beakepatcns = 4.6975 — 0.1475InN
InBeateparcna = 4.3054 — 0.16917, + 0.3149InT01,
lnﬁwke/bmchs =3.4662 —4.7599- 10731‘]&45},’ + 0.2501311’1116,”},,
InBateparchs = 4.1637
InCr 4101 = 8.872 — 0.92391n¢, ;.
InCr 4100 = 3.457 — 0.78357, 441
InCr, 4103 = 4.1022 — 0.37091InN
InCrgpes = 2.6816 + 0.10967,— 0,25 11n7;040s,
InCr 4105 = 3.2934 + 5.8036- 10_31‘130,0,,, —0,22321nt 40,
InCr 4= 2.7602
N ge1 = — 3.4544 = 3.7299-10 105, +1.5877I0t 94,
Ing uper = 4.5667 = 0.44347,,,,, + 0.8582In7, 4,
In€, g3 =5.8029 + 7.1788-10°N — 0.5184InN
€ ges = 4.2935 — 5.95-10 *Tpes, + 6.39-10 T,
Inggaies = 4.0466 + 1.0437-10 tiege, + 2.69-10 It e,
11’18(.,4]“_,6 =4.2143

Note. the partial dependencies Ine .; = f{x;)s Where i is the number of the dependence, are obtained by substituting the arith-
metic mean values X; ., and (Inx;) ..., to (16), excluding those mean values that are the argument of the sought expression.

Yield of cake form mass of the batch,
ﬁcake/batsh

Content of chromium in the cake, Cr,,

Extraction of chromium into a cake, €.

NN PA W~ WD~ ONON R WD~ WDN —

In order to simplify the procedure for finding the required equations, all the particular and multifactor
dependencies will be represented as functions of the logarithms of the controllable indicators. The dotted
partial dependences (presented after the potentiation in Fig. 1-4) are described mathematically (see Table 2)
and then we reduce these formulas according to [9] to generalized equations.

InB,, . =5.002=02487In¢,  —2.6092-10>InT,  —7.1847-10° N +0.254In N . (11)

roast.
NP, s ==9.9813-3.7299-107¢,  +2.5116Inz,, +0.3401t,  —0.5418InT,  —
4 . 4 (12)

£0.1475In N —0.16917,,, +0.3149In1, —4.7599-1071,, +0.2501In1,,,, .
InCr,, =11.3654-0.92391Ins,  —0.7835t,  +1,4InT, —0,3709InN +

roast.
13
+0.10961,,, —0.251In7,, +5.8036-1071,, —0.2232In¢ (1)

For the convenience of the following operations, we describe the dependence of the chromium content
in the batch on the consumption of Na,COj; by an equation of the form:

InCr,,,, =2.9859—7.1788-10° N . (14)

roast.

roast.

leach.*

After logarithm (9), we find:
In gcake = h’l Bcake/batch + In Cr

cake

Further, substituting expressions (12)—(14) in (15) we obtain:
=-1.6018-3.7299-107¢,  +1.5877In¢,  —0.44341t  +0.8582InT,  +

roast. roast. roast. roast. 16)

+7.1788-10° N —0.5184In N —0.05951,,,, +0,06391In7,,, +1,0437-107°7, , +0.02691n,,, .

In the present commercial product, chromium is present mainly in the form of chromospinelide, which
are MgCr,0,4, FeCr,O4, Fe(Al, Cr),04, (MgFe)(Al, Cr, Fe),0,.

—InCr,_,, . (15)
batch

Ing

cake
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As a rule, when writing the reaction equations that occur during the roasting of batch that contains
chromospinelides, the behavior of the oxides composing this batch is considered [9]. These reactions have
the form:

FCCI‘QO4 + 2N32CO3 + 1,7502 = 2N32CTO4 + 0,5F6203 + 2C02 (17)
MgCr204 + 2N32CO3 + 1,502 = 2Na2CrO4 + MgO + 2C02 (18)
MgCr,04 + MgO + 1,50, = 2MgCrO, (19)
Na,CrO4 + MgO + CO, = MgCrO,4 + Na,COs (20)
The list of reactions that occur during roasting of chromium-containing materials includes:
A1203 + N32C03 = Na2A1204 + C02 (21)
8102 + N32CO3 = Nazsi03 + C02 (22)
FeCr,04 + 2Na,Si0; + 1,50, =2Na,CrO4 + 0,5Fe,Si04+ 1,5S10, (23)
2NaQSiO3 + 2A1203 = NaQOA1203ZSIOz + Na2A1204 (24)

A noticeable interaction of magnesium and iron chromites with sodium carbonate (17)—(18) takes place
already at a temperature of 600 °C. As the temperature rises, the degree of interaction of these components
increases. Reactions (19)—(20) occur at relatively low temperatures. Reactions (21)—(22) begin at a tempera-
ture of 710-720 °C. The form of the obtained partial dependences (Fig. 1-4) is determined by the degree of
completion of the reactions listed. Thus, the decreasing dependence of the yield of the sinter‘on temperature
reflects the process of loss of the mass of the batch due to the transition to the gaseous phase of carbon diox-
ide. The roasting time affects the process to a lesser extent. The presence of an extremum in the dependence
of the yield of the sinter on the consumption of sodium carbonate is the result-of a purely mathematical ef-
fect: the mass of the sinter increases with increasing consumption of Na,CO;. This law is described by a
power function. The weight of the batch also increases, but is directly proportional to this parameter. As a
result, the dependence of the yield of the sinter, which is a quotient of the fission mass divided by the weight
of the batch (1), is obtained with an extremum.

)8 sinL a ﬁ sint. b
90 \ 90 r b
&0 80
500 600 700 800 900 i 05 1 LS 2 23 e
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90 90
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80 80
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.y c B 1 f
90 20
80 80
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a — from the roasting temperature (#,,4, °C); b — from the roasting time (t,o4sz, #);
¢ — from the consumption of Na,COs (N, %); d — from leaching time (Teuching 1);
e — from the leaching temperature (¢o4chine: °C); f— from the vacant factor (xs)
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a — from the roasting temperature (#,,45., °C); b — from the roasting time (7,045, /);
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Figure 2. Partial dependencies of cake output (Beuke/sarcn, %0)
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a — from the roasting temperature (#,,45., °C); b — from the roasting time (z,o45, /);
¢ — from the consumption of Na,COs (N, %); d — from leaching time (Zeaching: 1);
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Figure 3. Partial dependences of the chromium content in the cake (Cr e, %0)
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a — from the roasting temperature (#,,4, °C); b — from the roasting time (t,o4sz, £);
¢ — from the consumption of Na,COs (N, %); d — from leaching time (Zeaching: 1);
e — from the leaching temperature (¢;zching °C); f— from the vacant factor (xs)

Figure 4. Partial dependencies.of chromium extraction in the cake (&4, %)

The dependence of the cake yield on.the roasting temperature (Fig. 2a) has an ascending and descend-
ing branch. The increase in the cake yield in therange of 560-700 °C is due to the transition to the solution
of that portion of Na,CO;, which did.not react at low calcination temperatures. This part of Na,CO; decreas-
es with a temperature change from 560 .to 700 °C. Accordingly, the yield of cake increases. An increase in
the cake yield in this temperature range is also associated with the passage of reactions (19)—(20). The
downward branch of the present dependence characterizes the increase in the fraction of soluble compounds
as the roasting temperature rises.

It is known [9] that formation of MgCrQO, is possible at relatively low temperatures (700—800 °C) ac-
cording to the reactions (19)—-(20), as well as iron silicate (23) and nepheline (24). It is likely that an increase
in the cake yield with the largest roasting time of 3h is due to the formation of these compounds. A change in
the consumption of Na,CO; in interval 20-60 % leads to a decrease in B.uenacr due to the increase in the
amount of seluble compounds in the sinter. The leaching time and the temperature of this process have prac-
tically no'effect on the yield of cake.

The content of chromium in the cake and its extraction into the latter (Fig. 3, 4) are determined by the
simultaneous occurrence of the above reactions and those changes in the interdependent technological pa-
rameters (the yield of cake and sinter, the content of chromium in the cake), which are due to these reactions.
With increasing of roasting temperature, the chromium content in the cake Cr.,, and its extraction into a
product €., decrease monotonically. The same effect occurs when the consumption of Na,CO; increases.
The dependences of Cr,. and €., on the roasting time characterize the processes of passing the reactions of
formation of sparingly soluble compounds in the interval of 1-2 h (the chromium content in the cake and the
extraction of chromium in it increase) and the increase in the fraction of soluble compounds during roasting
for a time longer than 2 h. The leaching conditions practically do not affect the monitored indicators.

Analysis of the partial dependences obtained (Fig. 4) shows that in order to achieve the minimum re-
covery of chromium in a cake and, accordingly, the most complete extraction of metal into a solution, roast-
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ing should be carried out under the following conditions such as ... = 960 °C, 1,04, = 3 h, N = 60 %, and
leaching — at Tjc;, = 2 h and ty,.;. = 60 °C.

According to the calculation from (16), the recovery of chromium into the cake under these conditions
is 42.06 %, and in the solution 57.94 %. An increase in the latter index can be achieved if the above-
mentioned limits of the change in the roasting conditions are exceeded, that is, when the temperature is
raised to 1100-1200 °C — the time of this operation is up to 4-5 h, — and the sodium carbonate consump-
tion is to 70-80 %. Since the leaching parameters have the least effect on the results of the experiments, it is
advisable to leave the above values unchanged, namely Tj...;. = 2 h, te.n. =60 °C. The calculation for these
calcination conditions shows (Table 3) that the recovery of chromium in the solution increases with an in-
crease in the roasting temperature, the time it takes, and the consumption of Na,COs. At the same time, as far
as the limit values of factors set in the plan (Table 1) are removed, the accuracy of forecasts decreases:

Table 3

Extraction of chromium into the cake (¢...) and solution (g,;).
The calculation data for (16), (10) — €.4c.s» €501 and experimental data — €.,z s Esorex.

No. Lroast.» °C Lroast.» h N. > % Ecake.t Ecake.ex Esol.t Esol.ex.
1 960 3 60 42.06 39.42 57.94 60.58
2 1000 4 70 31.50 30.81 68.50 69.19
3 1100 4 70 25.24 23.46 74.76 76.54
4 1200 4 70 19.95 15.48 80.05 84.52
5 1200 5 80 15.55 8.32 84.45 91.68

Thus, using the method of stochastic-determininated design of' experiment in a modified version, a five-
factor mathematical model of chromium extraction into a cake was obtained. In the derivation of this model,
there was used a method that includes the preliminary finding of two multifactorial equations which describ-
ing the influence on the output of cake (Beusenarcn) and the content of chromium in it (Cry) from the speci-
fied factors (roasting temperature and time of this operation, consumption of Na,COs, temperature and leach-
ing time of chromium from the cake), with the subsequent substitution of these equations into a formula link-
INg €cakes Peakesvarchs Cleares Cloaren. The suitability-of the desired equation for making predictions that are more
accurate when introducing into a given equation the values of the arguments within the given limits of their
variation and less accurate at a considerable distance from these limits is shown.
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H.A. Kapruna, B.H. ®omun

XpoMKypaMabl TEXHOT€HIIK MaTepHAJIapPAbI OHIEY/IIH
TEXHOJIOTUSUIBIK YPAICIH JalbIHAAY

Makana HaTpuif KapOOHATHI KATBICEIH/A KYHAIPY 'KoHE opi Kapail KYHIKTeH XpoMIbl CyMeH CUITIIeHIIpyeH
TYpaTblH XPOMKYPaM[Ibl TEXHOTCHIIK MaTepualJapibl OHICYNiH TEXHOJOTHJIBIK YpIiciH AaiblHIayra
apHasiraH. ToxipuOeHi BIKTHMAIbI-ISTEPMHUH/IL JKOCTapiay 9IiCiH KOJIAaHy apKbUIbl XPOMIbI KeKKe Oeurin
anmyzblH, OechaKkTopiIbl MaTeMaTHKAIIBIK YArici albIHABL. XPOMIbI KEKKe a3 MeJeple oTyiHe KOJDKETKi3y
JKOHE COMKECIHIlIe aTajFaH MeTanzbl TOJBIFBIMEH epITIHAIre KeIlipy YIIH MIMXTaHbl KYHAipyal kereci
JKarJainapaa xyprizy aHbIKTaljbl: t.; = 960 °C, 1,,; =3 car, N=60 %, an cinTinengipy 1. =2 caF XoHE
t. = 60 °C. XKyperin ypuicrepaiH XUMHU3MI KeNTipinai. AJbIHFaH MaTeMaTHKAJIbIK TCHICY/IIH OepiireH e3repy
HIETiH/eT] apryMEHTTEpAIH MOHIH TEHJIEyTe eHTi3yre OapbICHIH/A JKOHE OCHI MIEKTEH ajbIcTaTy OaphIChIHIA
HaKTBl MOHJEPJI alyFa OOJIATBIHABIFBIH OOJDKayFa OOJIATHIHABIFBIH KepceTeli. ATanraH jKarmaiiia ecenrtey
epITIHAINET] XPOMHBIH KaJIlblHA KeIy YaKbITBIH apTTHIPY, aTMOC(hEepaHBIH TeMIIepaTypachlH XKOFaphLIaTy,
oHbI ycTay xoHe NayCO; TYThIHYbI 6CiIl OTBIPFaH/IbIFBIH KOPCETTI.

Kinm ce30ep: XpOMHT, BIKTUMAJJBIKIICH aHBIKTaJIFaH SKCIEPUMEHTTEPI Xocmapiay, XpoMibl llaimanay,
HaTpuit KapOOHATHI, HATPHI XPOMATBI, OHIIPICTIK XpPOM 6ap KalIbIKTap, XPOMHUTTI KaJIbLMHALMSIAY, XPOMIbI
KYHAIpY ypaici.

H.A. Kapruna, B.H. ®omun

Pa3paboTka TeXHOJOTHYECKOT0 Mpouecca nepepadoTKu
XpoMcoepKaluX TeXHOTeHHBIX MaTepuajioB

Crathsl OCBsIIEHA Pa3paboTKe TEXHOIOTHUECKOTO Mpolecca MepepaboTKH XPOMCOAEPKAIIUX TEXHOTEHHBIX
MaTepuajoB, KOTOpas BKJIIOYAET X OOXUI B IPUCYTCTBMM KapOOHaTa HATPUS U MOCIEAYIOIIEe BhIIIEIaqH-
BaHHE BOJOU XpoMa 3 creka. C MpUMEHEHHEM METO0/Ia BEPOATHOCTHO-IETEPMUHUPOBAHHOTO TNTAHUPOBAHUS
9KCHEePUMEHTA TOJydeHa MATH(HAKTOpHAS MaTeMaTHYeCKasi MOJIEIb U3BJICUEHHsI XpoMa B Kek. OmnpernerneHo,
YTO JUIsl JOCTVDKEHUSI HAMMEHBIIIETO M3BJICUEHMS XPOMa B KEK M COOTBETCTBEHHO HamOoJjee MOJHOTO BBIIE-
JIeHUs JTaHHOTO METa/Ula B PAcTBOP OOXWI INUXTHL CIEIYET BECTH B YCIOBHUSIX: f,; = 960 °C, T,6=3 4,
N =60 %, a BelmenaunBanue — npu 1, = 2 4 1 t; =60 °C. TIpencrasieH XMMU3M HPOUCXOASIINX IIPOIECCOB.
Iloxazana HPUrOAHOCTH MOTYYEHHOTO MAaTEMaTHUECKOTO ypaBHEHWS JUISi COCTABJICHHUS IIPOTHO30B, Ooiee
TOYHBIX NIPU BBEJECHHU B JaHHOE yPaBHEHHUC 3HAUCHUH apryMEHTOB, HAXOASAIIMXCS B 3aJaHHBIX Mpefenax ux
U3MEHEHUs, 1 MEHee TOYHBIX MPH 3HAYUTENbHOM yJaJeHHN OT 3THX NpeenoB. PacueT B yka3aHHBIX yCIIOBHU-
AX 00XKHTra MOKa3bIBAET, YTO U3BJIEUCHHE XPOMa B PACTBOP BO3PACTAET MPH YBEITUUCHUH TEMIIEPATYPhl 00XKH-
ra, BpeMeHH ero BeieHus u pacxoma Na,COs.

Kniouesvie cnosa: XpOMHUT, BEPOATHOCTHO-ACTCPMUHHUPOBAHHOC MJIAHUPOBAHUE DKCIIEPUMEHTA, BbIIICIAYU-
BaHHUC XpoMa, Kap6OHaT HaTpusd, XpoMaT HATpUsl, MPOMBINUICHHBIE XPOMOCOACPKAIUE OTXOAbI, KaJlblIMHA-
oust XpoMura, 00KHUT XpOMoco,uepn(ameﬁ IIHUXTHI.
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