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VAPORIZATION OF SIMPLE SUBSTANCES USED
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Using the transpiration method, the density of B20O3 vapours was measured
in the temperature range of 1000 to 1400 °C in dry nitrogen and in nitrogen-
water vapour with a partial pressure of 0.01—0.05 MPa. The results were
confronted with data from the literature and with calculations based on thermo-
dynamic data.

INTRODUCTION

Borie oxide is one of the essential glass-forming oxides in industrial glasses.
For melting it is usually introduced in the form of orthoboric acid H;BOj; or as
hydrated sodium tetraborate, and only exceptionally in the form of predehydrated
B,0;.

Dehydration of orthoboric acid takes place at elevated temperature, possibly
combined with reduced pressure, via metaboric acid according to the equations

H3B03 - HBO; + HzO
2 HBOz - B303 + Hzo.

The dehydration product is a colourless, transparent and hygroscopic mass of
amorphous B10;; on heating it produces a viscous melt which only reluctantly
gives up its last residual water. After melting in air at 1200 °C B,0; would still
contain about 0.1 9, H,0. The water content can further be reduced by melting
in vacuo or by bubbling the melt with a dry inert gas.

The physical properties of B,Os; depend on the content of residual water. The
transformation temperature is then in the range from 287—240°C (0—0.28 9,
H,0), the viscosity attaining 102 dPa s at about 1000 °C. Cooling down of the melt
always yields a glass resisting crystallization; the crystalline form of B,0; can only
be obtained by special techniques. The melting temperature of crystalline B,Os
is 450 °C, its boiling point being given at 2200—2250 °C.

B;03is known to have a comparatively low vapour pressure but to become strong-
ly volatile in the presence of water vapour, with which it combines producing
vapours of HBO, and H3;BO; (the so-called reactive vaporization).

LITERARY DATA

Vaporization of anhydrous B;O; into an inert atmosphere was dealt with by
a number of authors, so that a number of data on B,0; vapour pressure are available;
however, the values differ quite considerably. Much less information has been pub-
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lished on the reactive vaporization in a water vapour containing atmosphere,
although it is just this behaviour of boric oxide which is of considerable practical
significance.

Cole and Taylor [1] measured the B,O; vapour pressure by the transpiration
method on specimens prepared by dehydration of boric acid at temperatures above
1500 °C in an oxygen-hydrogen flame; nitrogen was used as the carrier gas in the
measurements. The vapour pressure values were obtained by extrapolation to
a zero rate of flow, which usually leads to incorrect, too high vapour pressure values.
The vapours were assumed to consist of B,03; molecules.

Soulen et al. [2] likewise applied the transpiration method. The B,0; specimens
were prepared by heating pure commercial B;O3 at 1000 °C for 1 hour. Nitrogen
served as the carrier gas, the experiments being carried out in an apparatus with
a porcelain tube either unprotected, or lined with a Pt sheet. The results obtained
in the ceramic tube were close to the values reported by Cole and Taylor [1] whereas
those from the Pt sheet were lower and close to the data from effusion measure.
ments [5]. The following equation holding for the temperature range of 1331 —1808
K was derived for the B;03 vapour pressure:

log p (atm) = — 1679,60 + 6.742. 1)
The vaporization was assumed to occur in the form of B,0; molecules, and this
was confirmed spectrometrically. The spectrometrical measurements carried out
by Bradt [3] likewise revealed the B,Os; monomer as a sole significant type of
molecule present in the vapours emanating from Knudsen‘s cell containing
B,0, at 1300 K.

Malcev and Matvejev [4] confirmed in a study of emission and absorption spectra
that B,0; is mostly vaporized as a monomer. In the presence of water vapour,
these authors found HBO, molecules, and in the presence of oxygen also BO;.

Speiser, Naiditsch and Johnston [5] employed the effusion method for B,0; pro-
duced by dehydration of H3;BO; at 400 °C and in vacuo at 900 °C. Their results
for the 1331—1642 K range are in a satisfactory agreement .with equation (1)
given above. The heat of vaporization calculated from their data amounts to
AHys00 = 324.9 kJ mole-1.

Hildenbrand, Hall and Potter [6] measured by the effusion technique the vapour
pressure on B,0; specimens prepared by vacuum dehydration at 1100 °C. For the
temperature range of 1410—1590 K, the results can be described by the equation

20 381
Vi

The heat of vaporization obtained from this equation amountsto AH;seo = 390.6 kJ
mole-1, whereas the earlier measurements [5], [8] led to the value of 325 kJ mole-1.
The authors ascribe the significant differences in the temperature dependence of
B;05 vapour pressure and thus in the heat of vaporization calculated, to the pos-
sible influence of water which has absorbed in the specimens during interrupted
measurements, and to the subsequent vaporization of HBO;.

A higher heat of vaporization is also indicated to by the earlier results of Scheer
[7] who worked with the torsion effusion technique in vacuo without interrupting
the measurements. The B,03 specimen was prepared by dehydration of H;BOs
at 500 °C in an open Pt crucible and then at 950 °C while degasing the entire ap-
paratus. The dehydration was concluded when the pressure in the apparatus fell

log p (atm) = — -+ 8.921. (2)
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down to 104 Pa. The molecular weight of the vapours established was 62 4 9
(69.64 corresponds to B,03) which implies that within the temperature interval
measured, 1414—1621 K, the vapours contain mostly monomeric B;O3 molecules.
The heat of vaporization AH;se0 was 364 kJ mole1.

The effusion method was likewise used by Nesmeyanov and Firsova [8] in the
1299—1515 K range for B,0; dehydrated at 900 °C and 10-3—10—4 Pa. Determi-
nation of oxygen content in the vapours showed that the dissociation to BO and
oxygen did not exceed 39, at 1500 K.

Greene and Margrave [9] used the technique of direct determination of boiling
temperatures under variable pressures, and additionally the transpiration method.
On the assumption that the vaporization of B,O3; may be affected by oxygen in
addition to water vapour, they paid special attention to careful purification of the
argon carrier gas (copper metal at 400 °C and freeze-drying on silica gel). The initial
H;BO; was dehydrated at 1200 °C for at least 6 —8 hours; the degasing was checked
by repeated boiling with the first measuring method. Both methods provided iden-

tical results, which can be expressed by the following equation for the 1946 —2419 K
temperature interval:

17 630 4 550

log p (atm) = — T

+ (7.124 + 0.064). @)

The heat of vaporization for the given temperature range was 335.3 kJ mole-1,
The boiling point established by extrapolation was 2475 K. In view of the induction
heating and of a lower accuracy in the determination and in temperature control,
the results at the highest temperatures may have involved an error of up to 50 °C.
The results showed no dependence on the crucible materials: Mo, Al,O3, ZrO,.

For the sake of comparison, Fig. 1 shows the vapour pressure of B,0; according
to the data of various authors. The data obtained within the present study are
also plotted (see below).

Vaporization of liquid B,0; in the presence of water vapour was dealt with by
Randall and Margrave [11] who also summarized the results of previous studies.
In their measurements they used the transpiration method and introduced the carrier
gas over the melt surface in a Pt boat placed in a Vycor glass tube. The loss in
weight was determined by weighing after about 1 hour and the pressure of boric
vapours was calculated according to the equation pp = (#B,0,/%itotal) P, Where
7% is the number of moles per unit time for B,O; and for the total number of gas moles
including vapours, and P is the overall pressure of the system. The measuring tem-
peratures were between 1000—1273 K. The apparatus did not allow to accomplish
regular saturation, so that the results had to be corrected. The interpretation of
results was based on the work by Chupka and Berkowitz [12] who applied mass
spectroscopy and found H3;BOs;, HBO, and the trimer (HBO,); as the products
of the reaction of B,0; with water vapour at 1250 °C. The following reactions with
the appropriate equilibrium constants K;—K; thus come into consideration:

B0 (1) + 3 H,0 (g) = 2 H3BOs (g); pr.Bo, = K}*p¥%, (4)
B:0; (1) + H.0 (g) = 2 HBO; (g); prBO, = K3Pifo (6)
. 3B20;3 (1) 4+ 3 H,O (g) = 2(HBO:)s (g); pEBo,), = Ki?p}%, (6)

The total pressure of boric vapours is then given by the equation

PB = PH,B0, + PHBO, + P(HBO,),- (7)
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Fig. 1. 4 comparison of B203; vapour pressure measured by various authors;

1 — Greene and Margrave [9], 2 — Cole and Taylor [1], 3 — Soulen et al. [2],
4 — this work, samples dehydrated at 1400 °C, 5 — this work, vacuum dehydration,
6 — Speiser et al. [5), 7 — Nesmeyanov and Firsova [8), 8 — Hildenbrand et al. [6],
9 — Scheer [7].

The equilibrium contants of the respective reactions indicate that the logarithmic
dependence of vapour pressure pg and water vapour pressure may have ah incline
with a tangent between the limit values of 1/2 and 3/2. The experimental results
produced a slope of 3/2 for 1073 K, while for 1273 K and low pressures its value
approached 1/2.

100 Silikéty &. 2, 1984



Vaporization of Simple Substances Used in Glass Melting

A recent study by Wenzel and Sanders [13] presents the results of transpiration
vapour pressure measurements of B,O; (pg) under water vapour pressures in the
range of 1.6—20 kPa at 1376 K, and measurements of the temperature dependence
of pp in the range of 1328—1579 K under a constant water vapour pressure of
2.5 kPa. The authors report that the results of two independent measurements
differed by 23 % . On the whole, however, the results are in a satisfactory agreement
with the calculation based on the JANAF thermodynamic data. H;BO; and HBO,
are considered as the sole reaction products. The results bring positive evidence
for the model according to which HBO, alone is vaporized under low pressure,
whereas the H;BO; molecules arise at lower temperatures or at a high water vapour
pressures only. The slope of the temperature dependence of pg corresponds to the
value AH = 168.3 kJ mole™1, which is virtually the value of the heat of formation
of HBO; (167.1 kJ mole-?).

It may be concluded that the literature presents many data on B,0; which,
however, show considerable differences in their absolute values and also in the tem-
perature dependence slope (heat of vaporization). Incomplete information only is
available on reactive vaporization; quantitative data have only been determined
for the lower temperature region and under lower water vapour pressures compared
to the present study.

EXPERIMENTAL

The apparatus was described in detail in part I [14] together with the measuring
procedure. Light-bulb nitrogen served as carrier gas, saturation with water vapour
was effected cocurrently in the packing of a tempered tube. The borate vapours
condensed in a collecting platinum tube and the rest was retained by an aerosol
filter. The temperature was measured by a Pt-PtRh thermocouple calibrated by
means of a standard thermocouple. The evaporation area of the melt in the boat
was 7 cm2, the times of exposure were varied between 60 and 240 minutes.

The amount of the vaporized substance was determined from the weight loss
of the boat as well as by analyzing the condensate transferred quantitatively into
a measuring flask. The analysis was carried out by converting the boric acid to gly-
cerinoboric acid and by titrating the latter with NaOH to phenolphthalein. The
results of the analytical determination were lower by 56—139, than the loss in
weight. This result was considered satisfactory as some of the vapours obviously
escaped through the filter. Most of the measurements were carried out by weighing
the specimens. The results are given as the concentration (density) of B,0; vapour
or as apparent vapour pressure calculated for B,O3 molecules. This method was
chosen to allow direct comparison of the results in dry and in moist nitrogen.
Insofar as the vapours contain solely-the molecules H;BO3 and HBO, with a single
B atom each, the actual pressure of borate vapours is equal to the value pp mention-
ed in the introduction, which in this instance amounts to double the apparent
pressure pgp,o,,i.e. B = 2pp,0,. Ideal behaviour of the gases and vapours involved
was assumed in the calculation; the volumes were converted to normal conditions
(101 325 Pa, 293 K). -

The measurements in dry nitrogen were carried out at 1000—1400 °C, those in
mixtures with water vapour (0.01—0.05 MPa) at four temperatures in the range
of 1000—1300 °C. The dependence of vapour density on the rate of flow of the carrier
gas was measured at each temperature and the final result was calculated for the
region within which the vapour density was independent of flow rate. For the
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given experimental arrangement this was the region of rate of flow over 150 ml
min-1. An example of one series of measurements is plotted in Fig. 2.

The B,0j; specimens were obtained by dehydration of H;BO; A.R. in a platinum
dish heated at first over a burner. The dish was then placed in a silite furnace and
heated for 1 hour at 1400 °C. On cooling down the specimen was ground and fused
into a boat in a transpiration furnace with the carrier gas flow turned off. It was
found that at constant temperature, the vapour pressure in dry N, decreases in
terms of time, obviously as a result of continuing dehydration (cf. Fig. 3). For this
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Fig. 2. Carrier gas saturation vs. its rate of flow for B305 dehydrated at 1400 °C.
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Fig. 3. Apparent vapour pressure of incompletely dehydrated B;0; va. the time of thermal

exposure.
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reason the specimen was always subjected to long-term exposure (50—60 h) in
the dry nitrogen stream at the respective measuring temperature, and the actual
measurements were only then performed with the specimen prepared in this man-
ner. In addition to this, another specimen was prepared by dehydration at 1100 °C
under reduced pressure (of units Pa, as a lower pressure would lead to boiling of
the melt). The specimen was then kept in a desiccator with P;0s.

The results of the measurements are listed in Table I and plotted in the diagram
in Fig. 4, together with the results of Wenzel and Sanders for the water vapour
pressure of 0.0025 MPa.
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Fig. 4. The rgsults of measuring the B;O; vapour predsure in terms of temperature.
The numbers at the curves indicate the water vapour pressure in MPa, the dashed line
corresponds to the data by Wenzel and Sanders [13]. The bottom two curves are those for
B:03 dehydrated at 1200 °C (4) and in vacuo (B).
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Table I
B;0; vapour pressure vs. temperature
Specimen Temperature | Vapour density Vr:pour
No. [K] [(me/1] prossure
{Pa}
1275 0.037 1.21
1373 0.098 3.20
1 1473 0.300 9.78
1571 1.451 47.26
1678 2.780 90.60
1272 0.011 0.383
1371 0.033 1.12
2 1476 0.132 4.21
1571 0.551 17.9
1673 1.311 42.7

Specimen 1: B20; dehydrated in air at 1400 °C
Specimen 2: B,0; dehydrated in vacuo at 1100 °C

The measurements in the carrier gas containing water vapour were likewise
performed on specimens after their long-term dehydration in & dry nitrogen stream
at the given temperature. The water vapour content in the carrier gas was checked
by absorbing the water in CaCl, and by weighing. In the saturating with water
thermostated at 47, 61 and 70 °C, the water vapour contents were found to be
10.13, 19.83 and 30.05 9, respectively. The highest content was not checked, since
at 509, water vapour saturation the tube with CaCl, tended to clog rapidly.

Table 11

Vapour density and pressure vs. temperature and water vapour
pressure in the carrier gas

. Apparent
PH,0 Temperature | Vapour density "
[Pa] [K] [mg/1] v pou[rP;;x:-lessure
1.0 X 10* 1277 2.18 71.06
1376 4.12 133.9
1473 7.61 247.56
1672 20.92 674.1
2.0 x 104 1273 3.79 123.2
13756 7.06 228.0
14756 12.32 404.2
1573 24.80 802.0
3.0 X 104 1272 5.11 165.0
1374 7.48 242.6
1473 14.56 474.0
1570 29.04 938.0
5.0 x 10+ 1276 6.00 194.4
1376 11.03 357.1
1474 18.70 604.6
15671 37.12 . 1194.2
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The results of measurement in terms of water vapour pressure in the carrier
gas are listed in Table IT and plotted in Fig. 4. They are given as apparent pressures
of B,03 vapours regardless of the actual form in which B,O; was present.

DISCUSSION

Fig. 3 shows that the B,0; vapour pressure depends considerably on & minute
amount of water bound relatively strongly in the melt. Although it was possible
to attain a constant vapour density after a suitably long period of time, the density
still remained higher than the data obtained by the effusion methods (cf. Fig. 1).
It is interesting to note that the results of all the authors who worked by the trans.
piration method, are relatively high. This may be due to imperfect dehydration
of the specimen or rather to interaction with the minute amount of water vapour
originating from the furnace atmosphere.

The measuring results plotted in Fig. 4 demonstrate well a strong influence of
water vapour, particularly at lower concentrations. The dashed straight line corres-
ponding to the data by Wenzel and Sanders [13] is in & good areement with our
results. The slope of the linear dependence for a moisture of 0.01 MPa corresponds
to an entalpic value of as little as 118 kJ mole1.

According to most of the studies published so far, vaporization of B,0j in the
presence of water vapour mainly involves formation of metaboric acid molecules
according to equation [5] mentioned in the introduction. According to this equation,
the water vapour pressure and the HBO, vapour pressure should be related by the
expression which has the following logarithmic form:

1 1
log prBO, = ?108 pH0 + 7108 K, (8)

where K is the quilibrium constant of reaction [5]. A graphic plot should therefore
produce a straight line with a slope of 1/2. The results of the measurements have
been treated in this way in Fig. 5. The slopes of the straight lines have the follo-
wing values for the temperatures given in the diagram (from the bottom upwards):
0.75, 0.68, 0.57 and 0.45. The slope values obtained at the highest temperatures
of 1200 and 1300 °C are very close to the theoretical value of 1/2. It may thus be
assumed that metaboric acid HBO, prevails in the vapours at these temperatures.

A comparison with the results of Wenzel and Sanders shows a very good agree-
ment; the values measured by these authors link up satisfactorily to the straight
lines in Fig. 5 extrapolated towards the water vapour pressure of 0.0026 MPa.
A linear dependence between the logarithm of boric vapour pressure and the lo-
garithm of ambient water vapour pressure was thus established within a broad
range of temperatures and pressure.

The higher value of the slope of the linear relations in Fig. 5, found for the lower
temperatures, is obviously caused by the simultaneous formation of orthoboric
acid molecules (H3;BO;) according to reaction [4]. In this instance the definition
relationship for the equilibrium constant is such that its conversion to the logarith-
mic form yields:

3 1
log pH,B0O, = 5 log pr,0 + - log K;. 9)
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Fig. 5. Apparent B,O3 vapour pressure vs. water vapour pressure in the carrier gas at various

temperatures.

With increasing H3BOj3 content in the vapours the slope value of the linear relations
ships would therefore increase up to 3/2 (an angle of 56 deg.). Our results imply that
measureable amounts of H;BO; are also formed at low temperatures and that its
relative content in the vapours does not essentially depend on the ambient water
vapour pressure. The H3BO; content decreases with increasing temperature, so
that HBO, is the prevailing species above 1200 °C.

The theoretical vapour pressures of the B,0; calculated by means of equilibrium
constants for the reactions producing HBO» and H3;BO; mentioned above are given
in Fig. 5 by crosses. Their values, calculated from the JANAF thermodynamic
data for 1376 K, are [13]:
log K; = —3.8838 and log K, = —4.2926. The apparent pressure of B,03 vapour
was calculated from the equation'

PB,0; =—- (EY*pifl + E1?p¥5%)- (10)
At the given temperature and under the water vapour pressure of 0.05 MPa,
the two products should be present in about the same proportion, while at 0.01 MPa

the share of H;BO; amounts to as little as 15 9. Thisis the cause of a higher theoret-
ical value at the highest water vapour pressure, where the non-linearity of the
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theoretical dependence has a significant effect. In view of the ready water vapour
condensation at a higher saturation degree, the highest experimentally determined
Pa,0 value may involve an error which would lead to a lower result for pp,o,.
Another possible cause is a lower stability of the H3BO; molecules than that assun-
ed by the theory, or possibly gradual saturation of the B,Os; melt with water.
Apart form the value at pg,0 = 0.05 MPa, the agreement between experiment
and theory is very satisfactory.

CONCLUSION

The results of this work supplement the available data on reactive vaporization
of B,0; for a wider temperature and pressure region. In this way they provide
information on real behaviour of B,03 melts under the conditions of contact with,
water vapour. The results are in a good agreement with the recent data reported
by Wenzel and Sanders [13]. The agreement with thermodynamie calculations
is likewise satisfactory.
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VYPAROVANI TAVENIN JEDNODUCHYCH LATEK
POUZIVANYCH K TAVENI SKLA

I1. Vypafovéni oxidu boritého

Jan Hlavaé, Jifi Matheisl, Ludmila Rybatikovéa
Vysokd Skola chemicko-technologickd, 166 28 Praha 6

Transpiraéni metoda popsané v prvni &asti prace byla pouzita pro studium vyparovéni roz-
taveného oxidu boritého za atmosférického tlaku, v prostiedi suchého dusiku a ve smésich du-
siku s vodni parou o parcidlnim tlaku 0,01—0,05 MPa. Efektivn{ tlak pary B203 v suchém dusiku
8ilnd zdviselna zpisobu a stupni dehydratace vzorku (obr. 3). Vodni para v nosném plynu vyrgzné
ovliviiuje tlak boritych par (obr. 4 a 5). Vysledky dobie navazuji na neddvné tidaje Wenzela
a Sanderse (1982), jez byly ziskdny v prostredi o niZ3i vlhkosti. Zavislost efektivniho tlaku bori-
tych par na tlaku vodni pary svédéi o tom, Ze pri 1200—1300 °C prevladé v paréch HBO,,
zatimco pfi nizdi teplotd jsou ve znaéné mike pritomny i molekuly H;BO;. Byl nalezen dobry
souhlas naméfenych tdaju s vysledky vypoétu z termodynamickych dat.
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Obr. 1. Srovndni tlaky par B;0; naméfenych riznymi autory: 1 — Greene a Margrave [9], 2 —
Cole a Taylor [1], 3 — Soulen et al. [2), 4 — tato prdce, dehydratace pFi 1400°C, 5§ —
tato prdcs, vakuavd dehydratace, 6 — Speiger et al. [5], 7 — Nesmejanov a Firsova [8],
8 — Hildenbrand et al. [6], 9 — Scheer [7].
Obr. 2. Zdvislost sycent nosného plynu na jeho prioku pro B;03 dehydratovany pfi 1400 °C.
Obr. 3. Zdvislost zddnlivého tlaku par neupiné dehydratovaného B0, na dase tepelné expozice.
Obr. 4. Vysledkey méfeni tlaku pdry B0, v zdvislosti na teplots. Cislice u kfivek znabf tlak vodni
pdry v MPa, édrikovand kitvka prislusi ddajim Wenzela a Sanderse [13). Dolné dvé kFivky
pFtslusi B203 dehydratovanému pii 1400 °C (A) a vakuové (B). .
Obr. 5. Zavislost zddnlivého tlaku par B;0; na tlaku vodni pdry v nosném plynu pie riznych teplotich.

NCCJIEJOBAHHUE NUCITAPEHHUA PACIIJIABOB
ITPOCTBIX BEMECTB,
IIPUMEHAEMBIX OJIA BAPKHN CTEKIJIA

I1. Ucmapenue oKkcHAa TpexBajleHTHOro 6opa
fla Tnasay, Hpxku Matreiica, JIynMuna PuGapxukoBa

Xumuro-mexroaoeuneckuii uncmumym, 166 28 IIpaza 6

TpaHCHEpaOUMOHHBIH METOX, ONMMCHIBAEMEI B HMEepPBOH yacTH pabOThI, MCNOJL3OBAIK AJIA
HcclleflOBAHAA HCIAPeHAA PACIIaBIEHHOr0 OKCH/Ia TPeXBaJeHTHOro 60pa mpn aT™MO cepHOM
NaBJIeHHH B Cpefle CYXOro asoTa M BO CMecsAX a30Ta ¢ BOJAAHKIM IAPOM HapHUAJTLHHM JaB-
aerneM 0,00—0,05 MIIa. 3¢dexTuBHOE AaBieHne mapa B,O; pesxo 3aBucuT oT cmocaba
H cTemeHH JeruTparanud npoOw (puc. 3). BoxsiHO# map B rase-HocHTelle OKa3hBaeT CHIILHOE
BlIMAHAe Ha AaBleHue mapoB Gopa (puc. 4 m 5). PeaynsraTl ABJIAIOTCA HPOJOJIKEHHEM
nocliefAu i NanAn X Bernena u Carfiepca (1982), koTopele OuliIn aBTOPaMH IIOIy4YeHH B C pefde
¢ 60llee HEBKOH BJIAIKHOCTHIO. 3aBHCHMOCTH 3(peKTMBHOrO JaBleHHUA MapoB Gopa OT AaB-
JIeHHs BOJAHOrO mapa ABJIAeTCA CBHIeTeJBCTBOM Toro, 4To npu 1200—1300 °C mpeo 61a faer
B nmapax HBO,, B To BpeMsa xak npm 6otee HU3KOH TeMmepaType B 3HAUMTeJbHOH CTeHeHH
OpHUCYTCTBYIOT faie MoseKyau Hi:BO:. Brulo maiifleH0 Xopollee coriacue H3MepeHHHX
MABHKX C Pe3yJbTaTaMH PacHeroB, IOJYYeHHHX H3 TEPMOJMHAMHYECKHX TaHHEIX. ;

Puc. 1. Cpasnenue dasaenuii napos Bi:Os, usmepennviz paswvimu asmopamu: 1 — I'pun
u Mapepas [9], 2 — Koa u Teiiaop [1]. 8 — Cyaen u comp. [2], 4 — uameperus
aemopos, dezudp. npu 1400 °C, 5 — uameperun asmopos, decudp. nod eaxyymom, 6 —
Chreiicep u comp. [5], 7 — Hecmesarnoe u Qupcosa (8], 8 — I'uavderbparnd u comp. [6],

9 — Hieep 7).

Puc. 2. 3asucumocmv nacviuyeHus 2aaa-nocumeas om ezo npomokra 0an B20i, dezudp. npu
1400 °C.

Puc. 3. Basucumocmsv raxcywezoca O0asaenus napos Hesnoaxe Oezudpamupoearrozo B0
Om 6PeMEHU MEPMUUECKO L IKCNOZUYUL. .

Puc. 4. Peayavmamsi uamepenus Oasaenus napa BiOs ¢ sasucumocmu om memnepamypos.
Jucaumeavrvie y Kpuswix o6oaravaiom dasaenue 6003noz0 napa ¢ MIla, wmpuzosas
xpugas — dannvie Benyeaa u Candepca [13]. Humnue dse kpussie omsevaiom B30,
dezudpamuposarnnomy npu 1400 °C (A) u nod earyymom (B).

Puc. §. Basucumocmv Kanmywezocs dasaerus napose B20s om Oasaenus 600anoco napa ¢ zaae-
HOCUMeAE NPU PABHBIT MEMNEPAMYPAT.

Industrial Robots — A Summary and Forecast for Manufacturing Managers. Tech Tran Corpo-
ration, 134 North Washington Str., Naperville, Il. 60540. Tato publikace vydanid uvedenou
firmou je uréena viem vedoucim pracovnikim a odbornikam, kte¥{ se zajimaji o vybsr a pouZit{
rohott v pramyslu. Na 167 strankéch se nachdzi jednak souhrnny pohled na pramyslové roboty,
jednak daldi kapitoly, které se zabyvaji technologii priunyslovych roboti, jejich schopnostf
a pouZitim, ekonomiclkymi a dalsimi faktory ovliviaujicimi jejich pouZiti, uréenim, vybérem a in-
stalaci roboti, jakoZ i vyhledem do budoucna o pfedpoklddaném vyvoji, a aplikaci inteligentnich
roboti.

Lach
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