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ABSTRACT

The effect of the annealing of KH,PO, single crystals at
180=210°C on their structural quaiit§ and phase composition
was studied by the X-ray and metallographic methods. The
phase transition /42m/— /P2¢/—>/42m/ which occurs at heatirg
and a following cooling of samples is shown to be accompa-
nied by a structural transition - single crystal textured
polycrystal. This transition results in the loss of transpa-
rency and sharp drop of the strength due to the formation of
a branched system of cracks. An essential difference in the
degree of structural perfection and phase composition in the
surface-adjacent damaged layer (DL) and in the bulk of the
crystal is observed, including the anisotropy of the I and
II kind of the angular distribution of crystalline fragments.
It is shown that the transition temperature strongly depends
on the distortions of the surface-adjacent layer in which
the process of the fragmentation nucleation begins. The lo-
wering of the temperature of the initial compound decomposi-
tion with the formation of a new phase - anhydrous salt KPOj
also takes place in this layer. The concentrational profile
of this phase correlates with those of the DL distortions
and is localized in the region 7-1of;m in thickness.
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KDP single crystals are known to ungergo a ghase transition
from the tetragonal modification /42m/, stable at room tem-
perature, to the monoclinic one /P24/ at the temperature in-
crease, The values of the transition temperature Ty accor—
ding to different authors differ by 20-30°C, which is quite
essential. The attention of specialists to the behaviour of
these crystals at elevated temperatures is conditioned both
by purely scientific interest and the necessity of solving
practical problems - choice of optimal parameters for iso-
thermal annealing and operational conditions of products. At
present the annealing of the KDP single crystals is widely
applied for the improvement of quality, optisal homogeneity,
mechanical and laser strength (Azarov et al.,1983). However
the data on the effect of annealing on structure and phase
transformations in the bulk and in the damaged layer fDL) are
practically absent. DL.due to a high concentration of point
defects, cracks, dislocations, presence of a polycrystalline
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component, being the result of the machenioal treatment, is
distinguished by an elevated resction sbility am compared to
the bulk, i.e, ia sctivated. The preaent paper 1s dediéated
to the study of the destruction procasses taking place in

the tulk end on the metiv
isothermal amnealing, ated surface of EDP cryetals st the

EHoPOy single cryastals were grown the recireulstion of
aguaous solutions on the pria‘u-—lik?seed.n st a rate of D
DEEhmfday slong [ﬁ'r] » The samples, 50x50x30 mm3, were out
: th a continuously wetted filement, A further mechanical
Teatment included polishing with sbrsasive powders of eleetm-
corundum M40, M28, M14, M10 and finishing with diamond pow-
%1-1:“;“:115”' ACH E:.LEJ"E under s apscific pressure of 10kPa.
28 were orlented mslong the planes {100 010 d
(Gﬁﬂl:gth a precialon of + 0,059, g ar e

The armealing of the smamples, preliminari laeced inte
special container, was parformed in the grigrdgunt free zn;n
of the furnsce in air st normal pressure and temperature
range of 180-210°C, According to different suthors it is
Just this temperature ranges in which the point of phase tra-
naition exlate; the latter = from = steble st Toom tempera—
ture tetragonal modifieation of HH,FO, /4%n/ to a high- tem-
perature monoclinie ane /P2,/, In ?vuilmu et pl.,1988) a
conclusion is made that the temperature of *this tranaition
atro depends on the coneentration of point and linesr
defects as wall as on the impurit compoaition, in partisu-
lar, on the iron concemtretion, Tha regime of heating and
cooling the msmples wam ssleotad arparimentally in the an-
neeling procams and did not exceed 5°C/hr, The iacthermic
BXposure was 24 houra,

The degree of the atructural uality and pheae ¢ osition
were studied using the X-ray gifrrantiun Emlrsiz?}'?nr the
phase analysis 1ight powsr graphite momochromators (002)
ware used, those giving the engular divergence of the pri-
mary beem 0.1°. The registration wae performad in C and
CuKg radiation according to the acheme 5-28, For the ayer-
by-layer analysias of the surface-adjacent layer the beam
was directed onto the sample at Zlancing angles od., taking
the given diserete value=, The interferenca lineg were re-
glatersd by rotating the detectar with m narrow imput win-
dow. Thie allows toc obtain the dependences of intenpity,
El:u's:l.anl broadening, eryetal lattice pericd on the angle o
o recover the profilea of the polycrystalline and plasti-
eally deformed areas of the damaged layer or phamea' dist-
ribution over the depth (Hom and Tkachenko, 1988), To deter=
mine the atructure perfection degree ragisterad were the
rocking curves (W -method) in the mode of two-crystal spec-
trometer, In this case the resclution was ineressed by the
application of perfect zermanium eryatals aa monochroma-
tora; the angular divergence of the primary beam was 0.0052
For preclse measurements the registretion acheame{n,xn, -m)
giving the resolution g 0.0003° waa uged, with this two crys—

114

B T T ——

tals formed a 1ittle diverging beam with the minimsl spect-
ral digpersion. The regiatration was performed in the C
radistion. The damaged layer of tha finighed single cryastele
was ptudied by the regietraticn of (W'-curves in the asymmet-
ric Bragg's caas., The rotation of the sample around the dif-
fraction vector allowe to vary d. =anglea in tha given range
from some tenth parts to tena of degrees with a required
atep. The further mmthematical processing glvea the possibi-
1ity to recover tha profiles of the parametars that cherac-
terize the degrae of the IL struoturs quality.

The pnalysism of the reaults of the atudy of KE,F04 samples
aftar the lmothermal annealing at 180-210°C give evidence tao
the fact that all of them preaerve thair initisl gecmetric
form, howaver at the elevation of the annegling temperature
grows the probabllity of the transparency loss and appesaral-
ae of "martle” inclusionm in separates parte of the samplea
which are raudomly distributed in the bulk. Thia fact was
mentioned in the paper by Chan Khai Guin (1975), where the
lopa of transparency was obsarved at heating FHoPOy orys-
tala. In contrast to the sxisting opinion the suthor aasumed
tfurning the semple white to be cauged by the formation of
multiple small cracks and not to he connescted with chemipal
dacompoaition.

The microscoplic analymeis of the surface of "marble" imclu-
siona revealed a rather branched aystem of cracka., Such vo-
lumes of eryatala eanily broke down into smell fregments
almoat without sffortsa. A prolonged exposure of the annesled
eryetala to alr only mekes destruction emsier, probably due
to & moimture penetration into the crystel. The found by ua
structure of a "stone-like" hreak gives evidence to the pre=
sance of the intergrain damage, typleal for not s single
eryetal but for a emell=grain polycryetal.

The roecking curves from the transparent parts of the ennep—
led oryatales ahow no changesa in their atructure as compared
to the initial etate, On the other hand the clouded "nerble"
regione give essentially broadened rooking curves (Flg.1l,
Tor which charaoteristie is the avallability of numerous she-
rp maximm st the inteneity distribution over a wide angu-
lar ragion. Thie teptifies to the structural tranaition of
tha single crystal into a textured polyorystel, In the ir-
radiated volume thers are both large partiecles with s diasc-
riantation 0.1-1° and signifiecently amaller cnaes. The large
fragmenta preserve the orientatlon olomes to the initiml one
and the small ones are probably arranged chactieelly, l.e.
repregent a quesiispotropic polycerystal whioh 1a confirmed
by the presence of the interference lines (hko) and (hkl)

at the registration in the geometry &=29 of the crystel fe-
caa Emm and (001). The formation of the textured polycrys-
tal (Fig,2) ia caused by the stresses arising during the
rearrangement of the tetragonal lattice into the monoclinie
one at heating the pample mand at the reverss transition in
the procemsa of ite cooling. The transition bears a freg-
mentary character owing to blg diecrepancy hetween the lat-—
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Fig.1. Rocking curves of
annealed KHpPO, :a,b: (R0
reflection, rocking aro-
und [001] and [100] axes,
respectively; ¢,d:(200)
f reflection, rocking aro=-
und [001] and [010] axes,
respectively; e,f: (008)
reflection, rocking aro-
und [010] and (100],
respectively.
CuKd-' r&diation.

Fig.2., Micrograph of (001) face surface ob=-
tained after isothermal annealing and
etching (44-fold magnification).

416

tices of one and the other phases. According to Tomas (1974)
the directions of the monoclinic phase axes c¢p, am and by
form with the corresp ndin? axes of the tetra%onal phasooaq,

bq and o, the angles {1 = 'a.'q.ﬁn)~14°,‘f2 = 5:1- &) ~5

nnd‘¥3 = (g, bp) v 14°. At cooling there occurs the reverse

transition P2¢->42m, which in its turn may lead to an addi-
tional fragmentation of the sample's volume., When analyzing
the surface-adjacent layer it was found that the rocking
curves (Fig,1) characterizing the angular distribution of
fragments differ in the anisotropy of the I and II kind,This
may be explained by a specific character of the lattice re-
orientation at the phase transition. In the bulk of the ma-
terial the anisotropy of the I kind is preserved and, as it
is shown in Fig.3c¢, the reflection (008? is characterigzed

hy some smeared maxima separated by angles of the order of
1° while the reflections (200) and (020) are smeared in a
wide angle range (Fig. 3a,b) and have no well distinquished
maxima. This may give evidence to the fragments' anisotropy,
{.e, they may represent plate-like formations with a larger
plane close to (001). The comparison of the Fig.t and Fig.3
nllows to state that after the annealing the surface-adja-
cent polycrystalline layer possesses a higher degree of
structurel quality than the volume of KDP which is conditi-
oned probably by the recrystallization processes initiated
by the activated surface,

Pig.3. Rocking curves of
ammealed KHoPO4 crystals
obtained after removing

3 mm thin surface-adja-
cent layer: a,b,c: (020),
(200) and (008) reflecti-
ons, respectively,

Cul%l'1 radiation.
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The phase mnalysim of the DL for the mechanically trested
after the annealing revesled the exigtence of the compeund
KEPFO3. This phase was gbmerved irrespective of the fact whe-
ther the investigated volume hed remsined the transparant
single crystal or it had traneformed inta the crack-contai-
ning lrﬂggtal. We determined the concentretion profile of
the Eiau over the depth of the DL after the mnnealing
af % arystai. The charscter of the profiles weas found to
bte exponentisl, thims corresponding to the dietortion diatri-
btution in the DL.

It should bte noted that the formation of KPOa takes place at
180-210°C, whereas, as seen from the siate d ram presented
by Tomasm t‘T 974), the decomposition of I'.'Hi?ﬂ_t ig initiated
starting from 250°C, In thia comection 1t seems reasanable
to assume that the thin DL formed in the procees of mecha-
oical treatment may te considered ag a dispersed material
with a large ares of activated surfece, and the decompoeition
temperature for thie layer is essentially lower than the one
of the crystal voluma,

CONCLUSIONS

1. The gradient-free isothermal annealing of KHEoFCO4 crystals
carried out at temperatures 180-210°C lemda to the structu-
ral iransition single crystal = polyeryatal with a aharp tex-
ture component. This transition is accompanied by the loamsea
in the erystal's transparency and strength and is caused by
the siresses arising in the rroceeg of the phase trenaition
42m —» P2y —»42m in the eaid temeparture range,

2. The annealing initiates both the nucleation of a new
phase and recryatallization phenomena taking place on the
surface mctivated by mechanical treatment, Therefore the
surface-ndjacent layer and the volume of the annealed crys-
tals have different degrees of structural rerfection,

3. The preaence of the compound KICqy in the DL teatifies to
the decreass of the decomposition temperaturs for KA FOy
in dispersed DL in compariscn with that chuacteriatin of
the maspive single orystal.
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