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A vacuum-deposited SrO layer on defined surfaces of a-wollastonite and
a’-dicalcium silicate monocrystals behaves as a store of surface diffusion
during tempering at T = 1150—1350 K. The diffuston coefficients calculated
from the SrO surface density profiles, established by X-ray microanalysis,
are significantly higher with specimens tempered in water vapour than with
those tempered in dry air. The analogy with CaO allows to assume that surface
diffusion, accelerated by the water vapour in the furnace atmosphere, takes
an tmportant part in the mechanism of calcium silicates formation.

INTRODUCTION

The accelerating effect of water vapour on the reactions in the system CaO—SiO,
has been known for a long time [1]. The effect was recently studied in detail by Burte
and Nicholson [2], Jesendk and Hrabé& [3], [4] and by Kovér [5].

At 1573 K the transport of CaO through the gaseous phase, caused by the presence
of water vapour in the furnace atmosphere, [6] was observed. The accelerating effect
of water vapour in the synthesis of calcium silicates was likewise observed in the
lower temperature region [7]; however, in this instance no transport through the
gaseous phase was discernible [6]. The present authors assume that the effect is
based on the acceleration of calcium transport by surface diffusion over the surface
of polycrystalline reaction products, i.e. wollastonite and dicalcium silicate.

The present paper has the aim to elucidate the mechanism of the effect in question
over the temperature range of 1150 to 1350 K by comparing the rates of the diffusion
processes.

The problem involved a study of the surface diffusion of SrO on the monocrystals
of a-wollastonite and B-dicalcium silicate in the course of heating up the specimens
in a water vapour atmosphere. The rate of diffusion was compared with that in the
medium of dry air. The SrO was used as an analog of CaO to obtain a more distinct
ratio of the signal to noise in the microprobe measurements.

EXPERIMENTAL

The monocrystals of a-wollastonite and f-dicalcium silicate were prepared from
high-temperature melts of calcium chloride according to [8]. The SrO was vacuum-
deposited in the form of bands 40 ym in width onto the (0001) pseudohexagonal
basal plane of a-wollastonite or onto the (0l1) pseudorhombic prismatic plane of
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Fig. 4. Relative surface density profile (C/Co) of SrO on a-wollastonite after tempering for 3600 s
at 1250 K in air, including the proportion of SrO diffused from the originally deposited region
(R); (X — expervmental values, curve path through the experimental points).

Table 1

Experimental values of relative surface density of SrO, C; = 100C/Cj on a-wollastonite in terms
of the distance (x/wm) from the symmetry plane of the system

In water vapour In air
1150 K 1200 K 1250 K 1300 K 1350 K 1250 K 1300 K 1350 K
7200 s 7200 s 1800 s 3600 s 3600 s 3600 s 3600 s 3600 s
z Cg x Cy z Oy x Cy z Cy z Oy xz Cg z C,
073 0 62 3 62 0 40 3 50 0 72 © 255 0 100
5 82 5 52 8 65 5 42 8 49 5 69 7 59 5 99
10 80 10 36 13 62 10 41 13 51 10 66 12 60 10 88
15 77 15 56 18 61 15 41 18 52 15 61 17 59 15 85
20 60 20 58 23 o7 20 40 23 04 20 58 22 51 20 40
25 35 25 54 28 40 25 38 28 50 25 46 27 38 25 24
30 12 30 44 33 33 30 37 33 40 30 30 32 39 30 10
35 1 35 40 38 15 35 35 38 26 35 18 37 22 35 5
40 14 43 35 40 32 43 13 40 8 42 11 40 3
45 8 48 1 45 23 48 5 45 3 47 6 45 2
50 2 53 1 50 15 53 3 50 2 52 3 50 1
55 0.5 58 0.5 55 11 58 2 55 1 57 2 55 0.5
60 7 63 1 60 0.5 62 2 60 0.5
65 5 68 1 67 1
70 4 73 0.5 72 0.5
75 3
80 2
85 0.5
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B-dicalcium silicate in the (011> direction (Fig. 1). The specimens were tempered
at 1150 to 1350 K in dry air (water vapour tension below 0.8 Pa), and in water
vapour in a controlled tubular furnace with a linear rate of flow of the atmosphere
of 2cems~1. The diffusion profiles were obtained by quadruple “STEP SCAN”
microprobe measurement (JEOL JX-5A) perpendicularly to the direction of the
bands using a step length of # = 5 wum where each point was measured for 10 seconds.
The SrO profiles obtained exhibited a relatively high noise level (cf. Figs. 1 through 3)
so that the values were averaged, corrected for background and transferred into the
positive semispace (Fig. 1). The pulse frequencies both measured and corrected (I)
were considered to be proportional to the surface density of SrO (further C —
concentration). All the concentration profiles were related to that of the originally
deposited band with a maximum SrO concentration, Co. The half widths of the ori-
ginal SrO bands determined by calculation amounted to 19.8 + 0.2 um.
The results of the determinations are listed in Tables I and II.

Table 11

Experimental values of the surface density of SrO,
C; = 100 C/Cy on a’-dicalcium silicate in terms of the
distance (z/pwm) from the symmetry plane of the system

In water vapour In air
1300 K 1300 K
3600 s 3600 s
r Oy r Oy

0 32 2 54
10 23 12 51
20 28 22 92
30 24 32 30
40 18 42 16
50 13 52 8
60 10 62 5
70 8 72 3
80 7 82 2
90 7 92 2

100 6 102 1
110 6 112 1
120 6 122 0.5
130 5

140 4

150 3

160 2

170 1

180 0.5

DISCUSSION OF THE RESULTS

For the purpose of checking, the overall relative amount of SrO was determined
in the specimens using numerical summation of the pulse frequencies measured,
using the equation

M= k3 L (1)
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where % is a constant having the dimension [MTL-1]. The distinct decrease of the M,
values observed with the specimens tempered at 1350 K was due to vaporization
of some of the SrO.

In all the instances, the share ot SrO diffused from the original region (M4) and
related to the total amount of SrO (M;) was determined. The values of Mg4/M;
obtained in this way are listed in Table III and clearly demonstrate the accelerating
effect of water vapour on the surface diffusion of SrO.

Table 111

The amounts of SrO diffused after 3600 s of tempering from the originally deposited region
M 3/M, and the diffusion coefficients calculated according to the store model

—T_ Atmosphere My/M, ___D_B..._ Substrate
[Kj} [m?s~1]
1150*%*) H,0 0.032 3.7 X 1015 «-CaSiO;
1200**) H,0 0.220 3.2 X 1014 (0001)
1250 H,0 0.290 5.6 x 1014
air 0.181 2.3 X 1014
1300 H,0 0.373 1.6 X 1013
air 0.278 4.1 X 10-14
1350 H,0 0.336 7.7 x 1014
air 0.025 3.2 x 101
1300* H,0 0.536 3.6 x 1013 a’-CazSi0,
air 0.340 6.7 x 10-1 (011)

*) The values at this temperature are not representative, as some of the deposit has vaporized.
**) Diffusion was not observed in dry air atmosphere.

To create a base for the diffusion mechanism and for the calculation of diffusion
coefficients, the concentration profiles measured were compared with the concen-
tration courses from various theoretical model conceptions. It was assumed that

acC 9:C

o b ox?’ @)
is valid, where the diffusion coefficient (D) is independent both of the concentration
of the diffusing component as well as of the time.

The differential equation (2) was resolved for three models of the system in question
using variousinitial and boundary conditions [9]. The optimum values of the diffusion
coefficients for each model were obtained by the Simplex method and employed
in the calculation of the theoretical concentration profiles according to equations
(3), (4), (5).

When using the assumption that the SrO deposit is originally present in an in-
finitely thin band (the line model), the total amount (3{) originally deposited at time
t = 0 is concentrated in the line = 0.

The course of concentration is then given by the following equation:

x2

M
Ciaz,ny = WGXP - (m) . (3)
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As shown by Figs. 5 and 6, this model does not adequately reproduce the concentra-

tion profiles measured.
In assuming that SrO was originally deposited in a band of 2k width, symmetrically
to = 0 (the band model), equation (2) yields the concentration course of SrO in the

form
Co h—x h+ x
C = T [erf (471:D )1/2 + erf (47tDt)1/2 ] . (4’)

As indicated by the example in Figs. 5 and 6, our initial assumptions do not comply
precisely with the experimental results.

10 | T T T T T
10 F 1 [ 1 1 T T ] !
C/C, | C/Col |
) 4
08 | 08 | -
06 | i 06 1% 24 .
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S
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Fig. 6. Experimentally determined relative surface densities of SrO (X) after tempering the deposit

on a-wollastonite for 1800 s at 1250 K in water vapour. Correlation of experimental values:

1 — line model, 2 — band model, 3 — store model, and the respective calculated values of dif-
Jusion coefficients (Dv, Dy, Ds)-

Fig. 6. Experimentally determined surface densities of SrO (X) after tempering the deposit on
a-wollastonite for 7200 s at 1350 K in water vapour. Correlation of the experimental values:
D1, — from the line model, Dg — from the band model, Dy — from the store model.

It appears that the SrO deposit creates in the deposited bands a certain store which
keeps its concentration on an approximately constant level at ¥ = h. When thus
using the conditions * = h, ¢ = 0, C = C,, the following solution holds true (store
model):

C = Cperfe (5)

x
(4mDeyr/2 *
The examples shown in Figs. 5 and 6 indicate to a satisfactory agreement with the
experimental results. The optimum values of the diffusion coefficients (Dg) calcula-
ted according to the equation (5) are listed in Tabel II1.
A comparison of the individual models in question implies that
— the largest deviations from the experimental relationships are produced by the
line model; the band model exhibits smaller deviations from the experimental
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relationships C vs. x; however, these appear to be systematic. These two models

are therefore unsuitable for describing the system;

— the store model reproduces well the course of the experimental results; however,
following longer time of diffusion, the Cy value decreases as a result of depletion
of the deposit store.

The problems involved in the surface diffusion on calcium silicates have not so

far been studied. The quantitative results of the present work should be evaluated

while taking into account the initial assumptions, i.e.:

— the direct proportionality between the pulse frequency of the Sr;_, radiation
measured and the surface deposit density (C),

— that the SrO on the surface of calcium silicates behaves in the same way as CaO,

— that the vaporization rate of SrO and the volume diffusion below 1350 K are
negligible,

— that the directional anisotropy of surface diffusion on the a-wollastonite specimens
had no significant effect. ‘

In spite of these limitations, the following conclusions can be drawn on the basis of

the results obtained:

— the surface heterodiffusion of Sr ions on a-wollastonite and on dicalcium silicate
is accelerated significantly in the temperature range of 1150 to 1350 K in an
atmosphere of water vapour compared to that of dry air,

— that the experimental arrangement employed can be most suitably interpreted
by the “store diffusion model*,

— that on the basis of the analogy of Ca and Sr ions it may be assumed that CaO
behaves similarly in its surface diffusion on calcium silicates.

The results allow the following assumptions to be formulated:

— the formation of calcium silicates is determined by the mechanism of CaO diffusion
on the surface of polycrystalline products,

— the mechanism of the accelerating effect ot water vapour on the syntheses of
calcium silicates from powdered mixtures at temperatures below 1300 K is based
on influencing the surface diffusion of the Ca component through the polycrystal-
line layers of the products.

It should be taken into account that water vapour as well as other specific compon-
ents of the atmosphere influence the rate of solid phase reactions even through their
effect on the morphological structure of the product layer (thus likwiese changing
the size of the effective diffusion cross section), as well as by influencing the phase
composition development of the products of reaction [7], i.e. the ratio of the product
to the reaction semiproduct.
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STUDIUM VPLYVU VODNEJ PARY NA POVRCHOVU DIFUZIU
NA KALCIUMSILIKATOCH

Viktor Jesenak*, Burghard Ziemer**, Dusan Jancula*

*Katedra chemickej technoldgie silikatov, CHTF, 812 37 Bratislava
**Zentralinstitut fitr anorganische Chemie AdW, 1199 Berlin

Vplyv atmosféry vypalu na povrchova difuziu SrO na monokrystiloch o-wollastonitu
a o’-dikalciumsilikdtu sa studoval pri teplotach 1150—1350 K. Na povrch monokrystélov
kalciumsilikatov sa deponoval 40 um $iroky pas SrO vakuovym naparenim. Vzorky sa tem-
perovali v prietoénych atmosférach suchého vzduchu a vodnej pary. Profily povrchovej hustoty
SrO (obr. 1—3) sa merali mikro-rtg analyzou a korelovali s troma modelmi diftiznej sustavy
(obr. 5 a 6). Difuzne koeficienty sa pocitali z experimentalnych dat simplexovou metdédou.
Z vysledkov vyhodnoteni difdznych koeficientov vyplyva, Zze vodné para vyrazne urychluje
povrchovu difaziu SrO na kalciumsilikdtoch. Z analdgie SrO a CaO sa predpokladd podobny
efekt pri povrchovej difazii CaO. Vysledok potvrdzuje, ze syntéza kalciumsilikatov v danej
teplotnej oblasti z kremena a CaO resp. kalcitu je riadend mechanizmom transportu CaO
difaziou po povrchu zfn polykryatalickych produktov (CS a C.S). Nakolko syntézy wollasto-
nitu a dikalciumsilikatu sa urychluja tiez vplyvom vodnej pary [1—5] a transport CaO cez
plynnt fézu sa vylucuje pri teplotach pod 1250 K [6] mozZno vyvodit zaver, Ze mechanizmus
tohto vplyvu je v urychleni povrchovej diftizie CaO vplyvom H20 v pecnej atmosfére.

Obr. 1. Pévodny depozit vrstvy SrO na povrchu monokrystilu o-wollastonitu. Liniové profily:
hornd &lara — Caxy; dolna &iara Sryy (na kompozicit aj na Eiare liniovej analyzy —
snimanej s vysokou Easovou konstantou — sa javi pds depozitu §ir§i ako podla presnych
,WSTEP SCAN' analyz).

Obr. 2. Depozit vrstvy SrO na a-wollastonite po temperovani 3600 s pri 1300 K vo vzduchu a liniovy
profil Sryq.

Obr. 3. Depozit vrstvy SrO na a-wollastonite po temperovani 3600 s pri 1300 K vo vodnej pare
a liniovy profil Sriy.

Obr. 4. Profil relativnej povrchovej hustoty (C[Co) SrO na a-wollastonite po temperovani 3600 s
pri 1250 K vo vzduchu s vyznalenim podielu SrO vydifundovaného z pévodne deponovanej
oblasti (k); (X — exp. hodnoty, krivka prelofend exp. bodm?).

Obr. 5. Bxperimentdlne stanovené relativne povrchové hustoty SrO (X ) po temperovani depozitu
na a-wollastonite 1800 s pri 1250 K vo vodnej pare. Koreldcia experimentdilnych hodnét:
1 — é&iarovy model, 2 — pdsovy model, 3 — zdsobnikovy model, a prislusné vypoditané
hodnoty difdviznych koeficientov (Dy, Dg, Ds).

Obr. 6. Experimentdlne stanovené povrchové hustoty SrO (X ) po temperovani depozitu na o-wol-
lastonite 7200 s pri 1350 K vo vodnej pare. Korelicia experimentalnych hodnét: D1, —
z &iarového modelu, Dy — z pdsového modelu, Dg — zo zdsobnikového modelu.

UCCJIEOJOBAHHWE BJIMAHHUA BOIAHOTIO ITAPA
HA MOBEPXHOCTHVYIO JUBMOY3UIO HA KAJIIBIITUYMCUIHKATAX

Buxrop Ecenax*, Byprrapr 3umep**, Jdyman flHuy/1a*

*kagpedpa cumuneckoii mexnoaoeuu cuauramoe Caoeaykozo NOAUMETHUMECK020 UHCMUMYMA,
812 37 Bpamucaasa

**Zentralinstitut fiur anorganische Chemie, Akademie der Wissenschaften
1199 Berlin

WccnenoBas BIMAHHe cpejlsl 00KHI'A HAa IOBEPXHOCTHYI JupPysnio SrO Ha MOHO-
KPHCTAJLIaX a-BOJIJIACTOHUTA H o’-JIUKAJIbIIMYMCHIINKaTa npu Temneparypax 1150—1350 K.
Ha noBepXHOCTH MOHOKPHCTAJNUIOB KAaJbIIMYMCHJIMKATOB Bpljledlsilack noJioca SrO mmpHHO#
B 40 pM B pe3yJibTaTe BAaKyyMHOIrO NponapuBaHusA. @6pa3iLl TeMIlepHPOBAJH B IMPOTOYHBIX
¢pefax cyxoro BO3lyxa M BogaHoro mapa. IIpo¢uin moBepxHocTHOH maorHoctH SrO (puc.
(1 — 3) mamepsasIu ¢ HOMOINBIO MHKPOPEHTI€HOBCKOTO aHAJIH3a M KOPPEJIHPOBAJIM ¢ TPeMs
Moenamu guddysHoit cucremsl (puc. 5 u 6). duddysnsre koapPUIMeHTE pacuuTaIH M3
SKCIIEPHMEHTAIBHBIX JIAHHBIX ¢ IIOMOINBI0 MeTojla cHMIIekca. }3 pe3ysIbTaToB OHEHKH

.
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auddysHbIX KO3POUIMEHTOB cJIejlyeT, YTO BOAAHON map pe3Ko YCKOPseT II0OBEPXHOCTHYIO
audoysmo SrO Ha xagpnuymcuinkarax. Ha ocHoBanuu asajormu SrO m CaO mpenmosia-
raerca nofRoOHHI 3¢dext npu nosepxHocTHOH judpdys3nu CaO. PeayspraT nokasnBaeT, 4To
CHHTEe3 KaJpHMYMCHJINKATOB B TaHHOM TemmepaTypHOU obsract u3 kBapna u CaO miM Kajlb-
uuTa ynpasiseTcs mexaHuamoM TpaHcnopra CaO nuddysueil 1o moBePXHOCTH 3ePeH OJIM-
kpuctasuimgecknx npoaykToB (CS n C;S). Tak Kak cHHTE3sl BOJJIACTOHHTA M UUKAJIBIAYM-
CINIMKATa YCKOPAIOTCA TaKIKe 110]] BiMAHMeM BojisHOro napa [1—O5] um Tpancmopr CaO
4epe3 ra3oBylo a3y BhleiAeTca Npu TemmepaTypax Himke 1200 K [6], momxkHO cjienaTs
BBEIBOJl, YTO MeXaHHM3M JIaHHOI'0 BINAHMA 3aKJIIOYAeTCA B YCKOPEHMH IIOBEDXHOCTHOU -
¢ysun CaO nopn neiicteuem H.O B cpene neuw.

Puc. 1. HHepgoranaavhbiic ocmamok caos SrO na noseprHocmu MOHOKPUCMAALA X-60.1AACMO-

numa. Jluneiinvie npoguau: eeprran aunut — Caxq, HUNHIA AUHUA — STLa (KaK Ha

KOMNO3UYUU, MAK U HA AUHUU AUHETH020 AHAAUIA — NPOB0TUMO20 C 6bICOKOU KOHCMaH-

Mol 6pemeHi — NPOACAREMCE NOAOCA ocmamka Goaee 6biCOKOU No CPAGHEHUI ¢ Mov-

nomu ,,STEP SCAN' anasuzamu).

Ocmamok caos StO na a-6oasacmorume nocae memnepupoganus 3600 ¢ npu memnepa-

mype 1300 K 6o soadyxe u aunelinviii npoguab STLy.

Puc. 3. Ocmamok caos SrO na o-6oaaacmorume nocae memnepuposanus 3600 ¢ npu memne-
pamype 1300 K 60 60darom nape u auretinbiii npogpuad STia.

Puc. 4. Hpoguau omrocumeadvroii noseprrocmuoti naomrocmu (C[Co) SrO na 3-e¢ossacmo-
Hume nocae memnepuposarus 3600 ¢ 6o 603dyxe c oboanaueruem doau SrO, dugyr-
Jupyloujeeo u3 nepeonananbHolt omaoxcennol obaacmu (h);, ( X — arc. eeaununs,
KEpueas, npoeodumas Hepes IKC. MOUKU).

Puc. §. Yemanogaenrbie dKCnepumMeHmanibHsM NYmMem 0MHOCUMELLHbIE NOGEPTHOCMIbLE NAOM-
nocmu SrO (X) nocae memnepuposarus ocmamra wa o-6oaaacmorume 1800 ¢ npu
memnepamype 1250 K 60 600anom nape. Koppeasyua sxcnepumenmasbHuls 6eAUNUH:
1 — auneitnas modeav, 2 — noaocoeas modeav, 3 — 6GynkepHas modeab u coomeem-
cmeylougue pacuumarmwle seaununb, dupPyanvir xospguyuenmos (D1, Dy, Ds).

Puc. 6. Ycmarosaennvie sxcnepumenmavrbim nymem nogeprrocmubie naomuocmu SrO (X)
nocae memnepuposanus ocmamra Ha o-eoasacmorume 7200 ¢ npu memnepamype
1350 K 60 6o0sarom nape. Koppeasyus skcnepumenmanrvhvir ceaunun: Di — uz
aurelinol modeau, DB — ua noaocosoii modeau, Ds — ua 6ynreproii modeau.

Puc. 2

DIESELOV MOTOR Z KERAMIKY. V rdmci zédpadoeurépskej dohody o vyskume
naprojektoval sa 500 ccm jednovélcovy motor. Motor skonstruovali a vyskusali v University
College v Dubline, frska republika. Valec a piest vyrobiliz a-SiC v Carborundum Corp., Niagara
Falls, USA.

Daélezity je poznatok podstatného zniZenia trenia piestu o vélec. Plénuje sa konstrukecia
1000 cem jednovélcového motora. Ciefom vyskumu je tiez vyvoj skusobnych metdéd keramic-

k§ch materidlov pre dieselové motory.
Die Umschau No. 6, z 16. 3. 1983

I. Vojtadsck

SKELNE A KRYSTALICKE SYSTEMY Z GELU: CHEMIE A TECHNICKE
APLIKACE. H. Dislich/J. Non-Cryst. Solids §7, 371/1983).

Syntézy skel, sklokeramickych a keramickych materidli metodou sol-gel bylo mnohokrat
ispd#né pouzito pro FeBeni vyzkumnych problému. Dnes se této metody pouzivéd v mnoha obo-
rech v technologickém méfftku. Je to predevdfm vyroba preformy pro tazeni komunikaénich
vlaken, vyroba dutych kuli¢ek pro jaderné palivo, vyroba nosi¢u katalyzatoru, hutnych a doko-
nale homogennich viceoxidovych povlaki na sklech aj. Pfehled o t&chto aplikacich a pfednostech

této nové techniky shrnuje vystizné uvedeny élanek.
Satava
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Fig. 1. Original deposit of the SrO layer on the surface of o-wollustonite monocrystal. The line

profiles: top line Caq: bottom line Srry (on the composition as well as on the line analy-

s1s pattern, scanned with a high time constant, the dep:0sit band aj.pears wider than according to
the precise ,,STEDP SCAN analyses).

[ ——
50 pm

Fig. 2. Depoxsit of the SrO layer on a-wollastonile after tempering for 3600 s at 1300 K in air,
and the Sryx line profile.
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Fig. 3. Deposit of the SrQ) layer on o-wollastonile after tempering for 3600 s at 1300 K in water
vapour, anl the Svyy line profile.
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