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PREPARATION OF THE CHROMIUM CARBIDES Cr7C3 and Cr23C6

M. Kh. Freyd and V. A. Suprunov

(Ivanovo Chemicotechnological Institute)

Chromium carbides are high-melting, hard, and noncorroding
substances [1-3] whose presence and distribution in chrome -nickel steels
is connected in a group of works [4-7] to the onset of a tendency to
intercrystalline corrosion.

To study the electrochemical and corrosion properties of the
carbide phases of ~hromium it is necessary to prepare them in a single-
phzse condlition; thls process was studied in detail in works [8-101].

This work presents a refinement of the technological processes for
preparing chromium carbides by reducing chromium oxides with carbon and
o dlreect synthesis of chromiwm and carbon in industrial hy.lrogzen

furnye

Experimental Part

Criromlium carbide Cr7C3 was produced according to the reaction

+ 27C » 2Cr,C, + 210C0.

7Cr,0 1“3

3

Cr.romium oxide (GOST [All-Union State Standard] 2012-84) and lamp
tlack (GOST 7885-50), first roasted at 800° and 42C°C respectively for

FTU=HT=23-403-70 !
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two hours, were screened to a fraction not larger than 25 um. An
adjustment to the composition of the charge was inserted according to
data in [11]. The charge was mixed in mechanical rollers with addition
of a solution of dextrin calculated as 5 g to 100 g of the charge. The
charge was dried at 110°C for six hours and was pressed into briquettes
25 x 20 mm in size at a pressure of 300 kg/cm2; the charge was again
dried for two hours at 110°C and was subjected to carbidization. The
results are presented in Table 1. The briquettes were heated in TsEP-356
industrial hydrogen furnaces in a stream of purified and dried hydrogen
and were maintained at a given temperature for one hour and then were
cooled to room temperature in the furnace cooler. The obtained product
was ground and subjected to a second roasting for 15 minutes at a given
temperature. The prepared product was analyzed for the tctal content
of carbon [11] and for free carbon [1l2]. Bound carbon was determined
by the formula

C -C
_ _tot free 100%.

C. =
bou 100 - Cfree

The chromium content was determlned by the persulfate-silver method
[11]. Through X-ray structural analysls (Table L) 1t was established
that of the four groups of carvides, only the third consists of single-
phase structures. The carbides obtained at temperatures higher than
the optimum (1300°C) contain Cr'3C2 carbides as admixtures, and carbides
otb.tained at lower temperatures contain the lower cartide Cr23cé and
underreduced chromium oxide. Table 1 presents the ratic of the product

welpgnt after reactlon A tc th- calculated weight of the carbide L, Ly

woltr LU ito poscitle o te fags the completeness of the resaction.

For cartide groups 3 ana 4, for wnicn the ractic A/8 is cloas wo
the tneoretical, the content of Cfree iz insignificant and the amount
of = is eclose to the stoicniometric composition. Th optimum valur

LOuU
of tnesc indicators appear in cnarbldes of the third group.

e care lide CPK“C_ is derived according te the resction
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Previously prepered electrolytic cnromium mixed with lamp black was
pressed into 10 x 10 mm briquettes at a pressure of 200 kg/cm2 and was
subjected to carbidization at different temperatures (see Table 2).
The rise in temperature from 1000°C to the starting point was
accomplisned in 15 minutes and at the given temperature aging was
accomplished for the same amount of time. From a charge of the same
composition containing 20% less carbon than calculated, 5 groups of
Cr23C6 carbide were ovtained. X-ray structural analysis fixed a
single-phase oStructure in only the fourth group. In the remaining
groups several carbide phases were detected. This is explained by the
fact that the area where Cr-7C3 carbides exist is substantially wider
nan tnat for Cr23C6. The free energy of formation of Cr'7C3 is 2.5
23C6 carvide (see the figure) [13]; at
temperatures lower or higher than the optimum (1400°C), the reaction

“imes higher than for Cr

cof Cr-7C3 formation suppresses the Cr23C6 reaction.
. -17[
éqm‘”"”“*-d Figure. Change in the free energy
e of formation AF of the carbildes
B Cry5Cg (1) and Cr,C, (2) as a

function of carbidization temper-
ature.

Al

10 weg 1597

Temperature,

The ratio A/B (see Table 2) changes 1little in the 1200-1500°C range
and 1t approaches unity as the qQuantity of Cr2306 carbide in the

product increases.
Tne content of carbon in carbldes obtained at 1200-1350°C is greater
trnan tne stolchiometrlic, cince the product contalns mixtures of carbides

23C6 carblide. As the
temperature of carblde synthesis 1s increased up to the optimum the

wnlzn are enricned with carbon as compared to Cr

content of bound carbon decreases and at the optimum temperature
{1426°72) reacnes its minimum, which corresponds to the stoilchiometric
compozition of the CPQ?CG carblde.

An dnecrease in the sintering temperature leads anew to an increase
in tie amount of vound carbon, in connection withi the formation cf

. v - ) - IR B PR
DagtnierDoZ2rLiaws.,

. o Ve i
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Conclusions

1. A two-stage process 1s proposed for obtaining the single-phase
carbide Cr7C3 by reducing chromium oxide with lamp black in a TsEP-356
industrial hydrogen furnace. It consists of heating the charge in an
atmosphere of hydrogen to 1300°C for 15 minutes, maintaining it at that
temperature for one hour, cooling the product to room temperature with
subsequent crushing and supplementary heating in a hydrogen atmosphere
for 20 minutes.

2. The single-phase carbilde Cr23C6, close in stoichiometric
composition to the calculated, may be obtained in a stream of hydrogen
by synthesis of metallic chromium and lamp black at 1400°C; the time of
the temperature rise to 1400°C is 15 minutes and holding at the optimum
temperature is for the same length of time.
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