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FINE-CRYSTALLINE ALKALINE EARTH METAL PEROXIDES FOR OXIDE CATHODES

Ye. A. Yepifantseva, T. G. Aryanina, V. T. Redchenko, and
S. A, Mikulin

The influence of reaction mixture temperature. concentration and rate
of admixing initial solutions upon precipitate dispersion of calcium strontium
and barium peroxides have been examined. A new method has been proposed
for obtaining homogencous fine-grained alkali-earth peroxides for oxide
cathodes of luminescent tubes. It was found that fine-grained peroxides increa-
se emission current and cathode emission homogeneity.

There are known advantages in the use of peroxides of calcium,
strontium and barium in place of ternary carbonate for the develop-
ment of an oxide layer on cathodes of fluorescent lamns [1-4].
However, peroxides in an oxide suspension in contact with organic
solvents and varnish forming substances are less stable in compari-
son with carbonates. An improvement in the stability of an oxide
suspension wilth peroxides was achleved by means of the replacement
of the cellulose with polymers of methacrylic acid [1, 4], never-
theless any new step toward improvement of stability would be use-
ful, especially for mass production.

In connection with this, there is much current interest in the

study of the conditions of obtalning and the possibility of ipplication

in the oroduction of oxide cathodes of fine-crystalline peroxides
of calcium, strontium and barium of homogeneous granulometric com-
1.
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position. The use of such peroxldes would make it possible to

reduce considerably the duration of "grinding" of the solid phase
of the oxide suspension 1in ball mllls or even to replace "grinding"
by simple mixing of the suspension.

More than once in the literature on oxide cathodes the question
has been railsed concerning the size of the grains of the initial
ternary carbonate. Although it 1s noted [5] that there is no sub-
stantiated opinion of which geometry of carbonate particle is opti-
mal, the influence of particle size on the emission capacity of
the oxide cathode 1s not negated. One has to agree with the author
of [5] that other circumstances are also important: the nucleus,
processes of formation of cathodes within devices, the gaseous
media, operating conditions of the cathodes, etc. It is considered
[6] that, using a fine-crystalline initial ternary carbonate, it is
easy to cut down the duration of "grinding" of the solid phase,
and, consequently, the probability of contamination of the suspen-
sion with impurities from the material of the balls and the mill.
Apparently in the process of "grinding" "splinters" of crystals
also appear and the possibllity of deformation of the crystal lattice
following the "erosion" of the crystals is not excluded. This can
influence the emission capacity of the cathode.

Many years of practical experilence in the development of oxide
cathodes shows that for the purpose of increasing the longevity of
luminescent tubes it is necessary, after "grinding," to maintain
the particle size of ternary carbonate at around 1 um. Taking
into account the chemical activity of peroxides and the increase in
the surface thermodynamic potential with a reduction in crystal size _
[7], an optimal grain size of arcund 1.5 um was established for '?
oxide suspensions with peroxides. For ensuring the homogeneousness g
of the cathodes in respect to longevity, along with other factors

the uniformity of oxide grain size 1is also important. Especially
under conditions of mass production, when the length of time for

processing of the cathodes is limited, if there are large grains

present there 1s the possibility of the existance in the depth of

the crystals of nondissociated barium peroxide as the most thermally %
-4 "
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stable component of the oxide layer. In the case of the presence
of very small grains in the initial suspension after "grinding"

a "dust" fraction appears which subsequently causes blackening of
the ends of the fluorescent lamp.

In this work a method is described for obtaining fine-crys-
talline peroxides, in which the number of grains 1-2 um in size
should be no less than 80% in respect to the total number of parti-
cles, and the results are cited from the tests of such peroxides
in the case of producing oxide cathodes.

In the literature on the peroxides of the alkaline earth metals
there are no data ¢n the influence of the conditions of synthesis
on the degree of dispersion of precipitates. Having assumed that
in the case of peroxides it i1s possible to be guided by the general
regularities of crystallization of precipitates of compounds from
aqueous solutions, a study was made of the influence of temperature
of the reaction system, concentration and rate of pouring of the
initial solutlons on the degree of dispersion of precipitates of
peroxides of calcium, strontium and barium.

The tests were conducted on a laboratory installation which
was described earlier [8]. 1In all the tests the ratio of the vol-
umes of poured solutions of salt, hydrogen peroxide and ammonia was
maintalned constant end was equal to 1:1:1. During the study of
the influence of temperature and concentration of the solutions on
the degree of dispersion of the peroxide precipitates the solutions
were decanted at a rate of 2.8 ml/s. As is evident (Table 1), the
temperature of the reaction mixture, the concentration of initial
solutions (Table 2), and the rate of their decantation (Table 3)
exerted a significant influence on the degree of dispersion of the
precipitates of the resulting peroxides. For obtaining fine-crys-
tallized peroxides of an assigned granulometric composition the
optimal temperature intervals are -1 - +2, 8-10, and 5-700 for
the peroxldes of calcium, strontium and barium respectively. The
optimal rate of decantation of the initial solutions is a rate of
2.8 ml/s. The concentrations of the initial solutions of salt,
hydrogen peroxide and ammonia were selected respectively:

3.
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12-15, 9-11, 6-9% when obtaining calcium peroxide, 15, 9 and 3.5%
when obtaining strontlum peroxide, and 6, 5 and 3% when obtaining
barium peroxide.

Table 1
The influence of the temperature of the reaction mixture on the
degree of dispersion of precipitates of peroxides

LD @ Konuentpaunn @ [loayuaemsle nepexick
P Mol pacTsopos, eec. % e "
IC XO; 3 TRO YACTHIL ¢ pa3we-
g, T %G bopsmy - v —2 MAM 110 O W
Rl - B e
coan i o~ [AMMH2KA wactmg, %%
___laoposa ' T | R (e
12 9 6 —2 80--35
(CaNOy), 12 9 6 0 Ca0, 80
12 9 6 1 80
12 9 6 4 75
51 9| 35| 5§ | a5
seNOy, | 51 9 35} 10 g4 9095
15 9 3,5 15 920
15 9 3,5 20 80
6 5 3 5 80---85
6 9 3 80
(BaNO,), 6 9 3 15 BaQ, 75
6 9 3 20 75

Key: (1) Initlal salts; (2) Concentrations of solutions, wt.$%;
(3) salt; (4) hydrogen peroxide; (5) ammonia; (6) Peroxides
obtained; (7) Formula; (8) number of particles 1-2 um in size
in respect to the total number of particles, %.

Dehydration of the precipitated peroxides was done in an

aqueous suspension with a ratio T:Zh=1l:4 and temperature of M5-50°C.

After washing, the precipitates were dried at a temperature of
110—12000 and residual pressure of 20-30 mm Hg for 3-4 hours.

On the basis of the resulting data a laboratory method was de-
veloped for obtaining flne-crystalline peroxides of calcium, stron-
tium and barium for the oxidation of cathodes. The characteristics

of test batches of peroxides obtalned by this method are given in
Table 4,




Table 2

The influence of concentration of solutions on the degree of dis-
persion of precipitates of peroxides

KoHuenTpauun pactso (U @ Moayuacmeie nepexucu
O PoB, 6¢C. % (COOTHOWE- | Tempepa-
Hexoprste | mue ofveson 1:1:1)_  lyypa peak- KOJYECTBO YaCTHIL C PA3MepOM
coan (15 0 wHonuoft  [dopay- | 1—2 sMau 1o OTHOMICHHIO K
epeKkn= | enmecn, C Ja o0uteMy KOMHYECTRY
COM | ¢y po- |AMMHAKA ’ vacThi, %
Ropona
12 9 6 |—1—+4-2 80
i CcaNoOy, | 15 | 11 9 l—t1—tp2 | ca0; @D 85--90
24 18 It |—1-—42 Kpreraanin od4cHb MEIKHE,
IKIOXO  OTACTSIOTCA  Lipil
¢uabrpovaii
12 6 3 8—-10 90---95
; Sr(NQO;), 15 9 3,5 8—10 | SrO, ] 90
l 30 17 7 8—10 KpnCraaan oyelib MeJKHe,
| 10X0 OTAEJSOTC  MpH
| uabTpoBanuu
Ba(NO;), 6 5 3 5—7 BaO, 80--85

Key: (1) Initial salts; (2) Concentrations of solutions, wt.%

(ratio of volumes 1:1:1); (3) salts; (4) hydrogen peroxide;

(5) amonia; (6) Temperature of the reaction mixture, oC; 3
(7) Peroxides obtained; (8) formula; (9) number of particles with

a size of 1-2 um in respect to the overall number of particles, %;

(10) Crystals very fine, separated poorly with filtration;

(11) Crystals very fine, separatéa poorly with filtration.

During the preparation of the oxide suspension on the basis
of fine-crystalline peroxides of calcium, strontium and barium
and zirconium dioxide the duration of "grinding" of the solid phase
was reduced by three times and the number of balls in the mill re-
duced by five times. After the preparation of the cathodes the
currents of thermal emission of the cathodes of the vacuum diodes
were compared using the method of filament characteristics. Fig-
ure 1 shows the results, graphically illustrating the certain

increase of current of emlssion in the case of a filament current
of 250 mA (without "grinding" 15.6, with "grinding" 12.2 mA) and
the hlgh degree of emission homogeneousness of the cathodes which




where oxidized by a suspension, prepared virtually without "grind-
ing" of the solid phase.

Js %,

ot s s, ol 9

170 20 250 170 2o 250

Figure 1. Filament characteristics of cathodes of vacuum diodes witlL
Ba02:Sr02:Ca02=50:30:20 mole % + 10 wt.% of Zr02:
a - with "grinding" of the peroxides; b - without "grinding" of

the peroxides.

Testing of the new technology of preparation of an oxide sus-
pension on a base of fine-crystalline peroxides of alkaline earth
metals 1s continuing. The first test batch of fluorescent lamps
with cathodes oxldized by fine-crystalline peroxides showed a high
degree of stability: in lamps LB-30 with the LG~1k luminophore
after 5000 hours of burning the light yield comprised 53 1m/W,
while using GOST 6825-70 according to Table 4 after 4000 hours of
burning in lamps LB-30-4 with the LG-10 type luminophore a light

yield of no less than U45.5 1lm/W is acceptable.




Table 3
The influence of rate of pouring of solutions on the degree of
dispersion of precipitates of peroxides

(2
@ @pulfx;‘)t:? wﬂ% @) ":5 §: G) "MY\‘I:Q’MR HepeKHCH
O &% S Z:Tz37*
Hc::;uue (1) = g@ ’2'5‘,9 2 § : MHYECTRO YACTHIL C pa3-
g9 ES &F . S € wldopmy- MepaMH | —2 MEK 1O
z é—‘;;‘ H £ § g_«:§ na OTHOWCINI0 K oluieMy
g g Z g 5 2 : KOMHHYCCTRY WiCTHU, Y%
12 9 6 |—1—Fal 57 80
L8 ot o 75—80
Ca(NO,), 12 9 6 1—-}+2 2,8 40, 5
12 9 6 |[—1—F+2 (2,0 69
12 9 6 |—1—+210,8 40
15 9 |3,5 8§—10 | 5,0 90—95
15 g |3,5 8—10 | 2,8 87
SfNOs)s | 15 | 9 |3,5 | 8~10 |2,0 |5 80
15 9 |3,5 8—10 | 2,0 75
15 9 | 3,5 810 10,8 70
6 5 3 5—7 5,0 85
; 6 5 3 5—7 2,8 80
Bﬂ(!\o,)’ 6 5 3 [ 2 ,0 8302 75
6 5 3 5—7 0,8 0

Key: (1) Initial salts; (2) Concentration of solutions, wt.%;

(3) salt; (4) hydrogen peroxide; (5) ammonia; (6) Temperature

of the reaction mixture, °C; (7) Rate of pouring of solution,
ml/s; (8) Peroxides obtained; (9) formula; (10) number of parti-
cles with a size of 1-2 um in respect to the overall number of
particles, %.




Table U4
Characteristics of test batches of peroxides

o
&fx&f:m‘i; @g @ Copepxanue npumecest, %
| p . 3 >
OW Fili|p & 16 1@ 12
g §235 S TAKELIX
g QE&g | E£. | 2sora |xiopu- | xenesa MCTANIOB Kanus
g Eo3.E| S8 |obuwers o8 €CCPOBOA- | ¥ yarpys
g e geeeEl %8 rpVIList
£ | &% | €&sgzl S2
1-2 90
Sr0, | <1 2 97,7 | 0,005 | 0,001 | 0,0005 | ©,0005| 0,0021
>2 8
1-—-2 80
Ca0,| <1 5,6 90 | 0,003 ; 0,005 | 0,0005 | 0,0005 | 0,022
>2 ) 14,4
1—2 80
BaO, | <1 6 97 | 0,003 | 0,005 | 0,0001 | 0,0003 | 0,009
=2 14

Key: (1) Peroxides; (2) Granulometric composition; (3) grain
size, uym; (4) number of particles of the given size in respect to
the overall number of particles, %; (5) Content of main substance,
%; (6) Content of admixtures, %; (7) nitrogen overall; (8) chlor-
ides; (9) iron; (10) heavy metals of the hydrogen sulfide group
(Pb); (11) potassium and sodium.

CONCLUSIONS

1. A method has been developed for obtaining fine-crystalline
peroxides of alkaline earth metals, which are homogeneous in granu-
lometric composition, for the oxide cathodes of fluorescent lamps.

2. In an example of an oxide suspension on a base of fine-crys-
talline peroxides of alkaline earth metals with the composition
50:30:20 mole %=Ba02:Sr02:CaO2+lo wt.% ZrO2 a correlation was
revealed between the size of the grains and the duration of "grind-
ing" of the solid phase of the suspension, on the one hand, and
the thermal emilission of oxide cathodes on the other.

Submitted 3.8.1971




BIBLIOGRAPHY

. Marenrst ®PI" Ne 1031894, 1068386.

. deaepoe u [lenon. Oxcuansiit katox. C6. nepesoion noa oout. pex. B. M. 11,.
pena. HJI, 1957.

. C. Maavuwesa. Cserorexunka, Ne 9, 9, 1966.

T. I'. Apanura. Cerorexika, Ne 9, 11, 1970.

b. 5. Motowec. ®uanieckne mpoiecesl B oKCHONM  Katote, M., «Hayka,,
1968.

I. A. Kyounyesa, H. If. Meavnurxoa, A. B. Moposos, B. [1. Huxonos. Tep-
MoIeKTponibie Katoinl, M.— 1, «ieprus», 1966.

M. X, Kapaneivsituyg.  Nuymucckan  repyoannavuxa, M.-=/L, Tocxnuuzyar,
1953.

. T 5. Apanuna, C. A, Muryaun, E. A, Enuganyesa. JTioMiHectienTHLIC MaTe-
puaabl u 0co6o uicrbie sewecrsa. C6. rp. BHII aomunodopos, swin, 3.
Crasponoas, 1970, crp. 105.

© N O rw N~

T vi—

_SESIVNE. S5 SRR LS N




DISTRIBUTION LIST
DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE

- — — —— ———

A205 DMATC 1 E053 AF/INAKA 1
A210 DMAAC 2 E017 AF/RDXTR-W 1
P344 DIA/RDS-3C 9 E403 AFSC/INA 1
C043 USAMIIA 3 E404 AEDC 1
C509 BALLISTIC RFES LABS 1 E408 AFWL 1
C510 AIR MOBRILITY R&D 1 E410 ADTC 1
LAB/FI0 E413 ESD 2
C513 PICATINNY ARSENAL  § FTD
€535 AVIATION SYS COMD 1 CCN 1
C591 FSTC 5 ASD/FTD/NIIS 3
CF19 MIA REDSTONFE 1 NI2/PHS 1
DN08 NISC 1 NIIS 2
H300 USAICE (USAREUR) 1
P005 DOE 1
P050 cIa/crs/ADD/SD ) 1
NAVORDSTA (50L) 3
NASZ/KSI 1
AFIT/LD . |
b

I1I/Code T-1390

FTD-ID(RS)T-1518-78




