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mat eri al s whi@hssolved in organlc solvents (Product Information from
Hiils AG: "Anwendungen von organofunktionellén Silanen -
10 DYNASYLAN®', 15.01.002/07.94/qu/100; "Bautenschutz mit
Alkylsilanen -~ DYNASYLAN® BSM“, 15.01.006/09.90/qu;
Ch. Fliedner, "Silane als Hydrophobierungsmittel fiir
Beton", special publication 15.07.023 of Hiils AG, Parts
I and II have appeared in: Bautenschutz + Bausanierung
15 3/94 and 4/94)y. On the surface of the inorganic
materials, right into the interior of a porous material,
reactive groups of the organosilicon compounds form
chemical bonds with the hydroxyl groups of the material;
in parallel thereto, crosslinking reactions of the
20 silicon compounds occur in the presence of water, which
finally leads to a hydrophobicizing film chemically
anchored to the surface and even in the pores, which film
suppresses or reduces the destructive absorption and
transport of water. Examples of building materials which
25 may be mentioned here are concrete, sandstone, lime-sand
brick, bricks and mortar. Pulverulent and grénular
materials such as aluminium oxide, titanium dioxide,
magnesium oxide, glass powder and quartz powder,
hydroxides, silicates and other mineral products and also
30 glass microspheres are also often surface-modified with

organosilicon compounds +to improve their application
properties.

At present, the testing of surface protection of building
materials is carried out by means of water absorption
35 (Technical Testing Instructions for Surface-Protection
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10 Decisive factors for the quality of the
hydrophobicization are the chemical structure of the
hydrophobicizing agent, the amount of active substance
absorbed on the surface and in deeper zones and the
chemical anchoring of the hydrophobicizing agent on the

15 internal and external surfaces of the building material;
virtually no information can be obtained about these
factors using the abovementioned tests, since only the
overall water-repellent effect is measured.

Various analytical methods, such as TOF-SIMS (time-of-
20 flight secondary-ion mass spectrometry), ESCA (electron-
spectroscopy for chemical analysis), DRIFT (diffuse
reflectance infrared Fourier transform) and Auger-
electron spectroscopy, have been developed for examining
surfaces. Apart from the complex equipment, a large
25 amount of time regquired and huge costs, these methods
have the disadvantage that usually only the uppermost

surface of the test material in the nanometre range can
be measured. )

The dispersive IR (infrared spectroscopy) technique is
30 also unsuitable for characterizing silane
hydrophobicizing agents under conditions close to
practice (Ghosh, S. and Handoo, S.K.: Infrared and Raman
Spectral Studies in Cement and Concrete, Cement and
Concrete Research, 10, (1980), pages 771 - 782). However,
35 the penetration depth of hydrophobicizing agents in
concrete could be determined by FT(Fourier transform)
IR spect;"i:oscopy (A. Gerdes, T. Miiller and F.H. Wittmann
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semiquantitative determination of hydrophobicizing agents
based on organosilicon compounds, provided that organic
compounds which can interfere with the detection are not
present. Apart from the complication in terms of
15 equipment and preparation, this method has further
disadvantages: the various hydrophobicizing or modifying
agents cannot be differentiated; active substance
contents below about 0.2 % cannot be measured; large
particles cannot be analysed without fine milling;
20 hydrophobicizing agent mixtures are not recognizable as
such; covalent fixing and physical coating cannot be
differentiated; modifications of, for example, glass
beads, aluminium oxide or silicates cannot be detected
owing to lack of sensitivity of the method.

25 »Si-MAS-NMR spectroscopy (29-Si magic angle spinning
nuclear magnetic resonance spectroscopy) is, owing to the
high cost and the limited detection sensitivity, also
unsuitable for quality testing when usingl the
hydrophobicizing and modifying agents in day-to-day

30 practice; rather, this method is used for fundamental
studies (J. Grobe, K. Stoppek-lLangner, W. Miller-Warmuth,
S. Thomas, A. Benninghoven and B. Hagenhoff: Nachr. Chem.
Tech. Lab., 41, (1993), No. 11, pages 1233-1240;
B. Hagenhoff, A. Benninghoven, XK. Stoppek-Langner and

35 J. Grobe: Adv. Mater., (1994), 6, No. 2, pages 142-144;
K. Albert, R. Brindle, J. Schmid, B. Buszewski and
E. Bayer: Chromatographia, 38, (1994), pages 283-290).
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exanpl e, gl aformation) which were to aid the differentiation of
10 individual silanes. The pyrolysis products were collected
in an organic solvent (triethylene glycol dimethyl ether)
at 0°C and the absorption solution together with the
condensate which can separate out before the absorber was
subsequently analysed by gas chromatography (off-line);
15 separation column: 60 m DB wax thin-film capillary, film
thickness: 0.5 um (R. Doiber and N. Wamser: Fresenius J.
Anal. Chem., 342, (1992), pages 381-386). Disadvantages
of this method -are that reaction products which are
characteristic or selective for particular coating agents
20 {ammonia, hydrogen sulphide, acetone) are formed only in
exceptional cases and that the major part of the numerous
indeterminable pyrolysis products is identical for all
silanes, so that only quantitative differences in the
gas-chromatographic peak distribution can be used for
25 identification. In addition, the alkoxy groups (methoxy
or ethoxy groups) characteristic of many hydrophobicizing

and modifying agents cannot be detected.

The very complicated and additionally high-cost FT-IR
analytical method (pyrolysis gas chromatography with
30 Fourier transform infrared spectroscopy) has been used to
establish whether N-phenyl-l-aminopropyltrimethoxysilane
in acetic acid is chemically bound or able to be washed
off with methanol in the silane treatment of E glass
fibres (N. Ikuta, T. Hori, H. Naitoh, Y. Kera, E. Nishio
35 and I. Abe, Compos. Interfaces (1993), 1(6), 455 - 462).

Pyrolysis gas chromatography has also been used to
examine poly(diorganosiloxanes) (S. Fujimoto, H. Ohtani
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To assess the quality of the hydrophobicization or
10 surface modification of inorganic materials there is a

need for a method of examination by means of which the

organosilicon compounds used here can be detected as

specifically as possible and their concentration on the

surface and possibly also at various depths of the
15 inorganic substrate can be determined quantitatively.

It is therefore an object of the invention to provide a
method which makés it possible, with justifiable expense,
to examine inorganic materials which have been treated
with organosilicon compounds for hydrophobicization or
20 surface modification, to identify the organosilicon

compounds used very reliably and also to be able to
quantify them.

It has surprisingly been found that organosilicon
hydrophobicizing and modifying agents on inorganic
25 materials, in particular on and in building materials,
can be specifically detected and reproducibly determined
quantitatively by, generally, first pyrolysing the sample
material over a period of a few seconds and analysing the
pyrolysis products on-line by gas chromatography on thin-
30 film capillaries (PLOT (porous layer open tubular)
columns, i.e. capillary column and porous layer). A main
component preferentially formed in the pyrolysis is

conveniently used for identification and quantitative
determination.
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10 organosilicon compounds, preferably also their
quantitative determination, is conveniently carried out
by means of components, i.e. pyrolysis products, which

are preferentially formed under the prevailing pyrolysis
conditions.

15 Fig. 1 shows the pyrolysis products of four
hydrophobicizing agents (methyl-, ethyl-, propyl- and
isobutyltriethoxﬁsilane) which were in each case applied
to concrete in an amount of 0.4 $ by weight and were
examined by pyrolysis/gas chromatography in a

20 conventional manner (thin-film capillary, WCOT column).
The differences between the individual building
protection agents are only slight and are unsuitable for

identification and differentiation of such silane
coatings.,

25 Fig. 2 shows the pyrolysis-gas chromatograms of the same
samples as were also used in tests for Fig. 1, but which
were examined by the method of the invention; for this
purpose, a PLOT column 1 (PoraPLOT Q, 1length 10 m,
internal diameter 0.32 mm, layer thickness 10 pm

30 (Chrompack GmbH, Frankfurt/Main)) was conveniently used.
The surprising thing here is that methyltriethoxysilane
on concrete gives virtually only methane as pyrolysis
product, ethyltriethoxysilane gives only ethane, propyl-
triethoxysilane gives mainly propane and isobutyltri—

35 ethoxysilane gives predominantly isobutane, although it
is known from #®*Si-NMR examination that on hydrophobicized
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The pyrolysis time of the sample material is, in the

10 method of the invention, generally less than 10 seconds,
preferably from 8 to 0.001 seconds, particularly
preferably from 5 to 0.1 seconds.

The pyrolysis of the sample material in the method of the
invention is conveniently carried out using, for example,
15 a hot-wire pyrolyser, a Curie point pyrolyser, a laser
pyrolyser or a microwave pyrolyser or another method of
inputting energj-r. In the method of the invention,
preference is given to using a boat pyrolyser.

In the process of the invention, the pyrolysis products
20 are separated by on-line gas chromatography on a PLOT
column, preferably without any intermediate step such as
adsorption, cold trap technique, low-temperature
focusing, column switching technique, and are generally

indicated by a detector, preferably by a flame ionization
25 detector.

For the gas-chromatographic examination of the pyrolysis
products, use is made in the method of the invention of
PLOT columns which préferably contain aluminium oxide,
deactivated by KCl or Na,SO,, or silica gel or graphitized
30 thermal carbon black or organic polymers based on
styrene/divinylbenzene as solid porous layer. Such
capillary columns are generally gquartz capillaries or

suitable metal capillaries having a porous layer of one
of the abovementioned materials.
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carrier gas stream of the gas chromatograph However,
10 oxygen-free nitrogen or hydrogen can also be used as
carrier gas in the method of the invention.

Fig. 3 shows the pyrolysis-gas chromatograms of the same
samples described for Fig. 2; a PLOT column 2 (25 m long,
0.32 mm internal diameter, layer of Al,0,/KCl, layer

15 thickness 5 um, Chrompack GmbH, Frankfurt/Main) was
conveniently used here. Using the pyrolysis arrangement
selected here, cf. also the Example 1 according to the
invention, the organic radical bonded to silicon can be
completely split off at a temperature as low as about

20 500°C; here too, the corresponding alkane is the only
component which is formed in a relatively large amount as
pyrolysis product.

Furthermore, the method of the invention can also be
carried out at a pyrolysis temperature of about 800°C; in

25 general, this does not significantly increase the number
and amount of other smaller fragments.

Fig. 4 shows, by way of example, the effect of
temperature for the less thermally stable n-octyltri-
ethoxysilane on concrete. The pyrolysis temperature
30 examined was, in particular, the range from 300 to 900°C:
below 500°C, only little splitting off of the octyl
radical (which appears as octane) takes place. Above
900°C, this radical is largely decomposed. Here too, the
preferred range for the pyrolysis temperature is between
35 500 and 800°C; the octyltriethoxysilane applied to
concrete and also its hydrolysis, condensation and
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pyrolysis containing materials, titanium oxide-containing
10 materials, magnesium oxide-containing materials or
corresponding materials, quartz products or quartz
powders, glass products such as glass mats, glass fibres,
glass beads, glass microbeads, glass powders, optical
glasses or insulation materials such as glass wool or
15 rock wool, but also on fillers or metals or alloys. These
materials can be present in solid, ductile, pulverulent,
granular and/or-_vitreous oxidic, hydroxidic, carbonate-

containing, metallic and/or siliceous dense and/or porous
form.

20 For the treatment of materials mentioned above by way of
example, thermally and chemically unstable silanes can
also be used, for example 3-methacryloxypropyltrimethoxy-
silane (MEMO) and 3-aminopropyltrimethoxysilane (AMMO).
In the case of these compounds, pyrolysis in the

25 preferred temperature range from 500 to 800°C did not
form mainly small C;-C; fragments, but also characteristic
high boilers which are astonishingly retained during the

pyrolysis process under the conditions of the method of
the invention.

30 Fig. 5.1 shows, by way of example, the pyrolysis-gas
chromatogram of a concrete powder doped with 1 % of
3-aminopropyltriethoxysilane (AMEO: H,N-{CH,)sS1i(OC,Hs)3)
(the main component A has a retention time of 9.133
minutes). Fig. 5.2 shows the pyrolysis-gas chromatogram

35 of a concrete powder sample coated with 0.5 % of 3-meth-
acryloxypropyltrimethoxysilane (MEMO:



product, ethyltriethoxysilane gives only ethane, propyl- triethoxysilane
gives mainly propane and isobutyltri- 35 et hoxysi | ane gi ves predom nantly
i sobutane, although it is known from[err]Si-NVR exam nation that on

hydr ophobi ci zed 7 O Z. 4938 building materi al

surfaces predominantly polyneric netwdtks of nonofuncti &hdl- 4938

di functional _and tri- functional f_)[ol ysi | oxanes are present as_a result of

hydrol ysi s arfeigil (FdbnE0REEH: b8 16PCH Innhbher retentignndije ffottd&@ i on
igggt 1(2 jb) Grqhsiﬁt c@hponéﬁﬁhﬁhf@bﬁéa i[éﬁfanisL%?ﬂﬂltlmihl&%%)), laIN@x- Ft]i e pggtes
- an e. numerpus _chemical _surfage structures shqu ot lead to
the same pyro yéi§hBV8dggF.g¥ﬁ8HL9$gP§§F§ %Fﬁ@ 8f“9ﬁ§“§§nﬁlelﬁggbﬁﬁﬂ i s,
in the 10 nMEMOdowfcdrterete.cMheoassdgnmealt! gfl pgeolyais rahoxito
referably fr 8 : . on L cul ard y. pr a r to 0.1
geconds. %he gglraolo;%agwc%s %Tl%ggsa%%q'%&%;aééerﬁa di %ié)hgggrfe‘t F\gc%s Jof Qﬁ‘hg:he
i nvention is sampdai enmhyechali edfort ushey, fhydrophebieizationg h@izwire

pyrol yser, a fbgheiBatibnPys 04anéfal fy | ASE AV PEYBE L achiiBvd OWREh
pyrol yser or another nmethod ol |nputting energy. In the method of fhe

i nvention, prERer &kO%% FrIEFRY o Ofsi Fhe asidane,oBiginally used for
coating, for example an organotrimethoxysilane or organo-
10 triethoxysilane, can be identified by means of the

methanol or ethanol peak which forms as a small secondary
component.

In the method of the invention, the organosilicon
compounds, i.e. the hydrophobicizing or coating or
15 modifying agents, can be not only identified, but also
quantitatively determined by means of components which

are preferentially formed under the prevailing pyrolysis
conditions.

Fig. 6 shows the calibration curves for isobutyltri-

20 ethoxysilane (IBTEO) on concrete and for isobutyltri-
methoxysilane {IBTMO) on lime-sand brick. The ordinate is
the detector signal in mV « min and the abscissa is the
number of micrograms of silane pyrolysed. For example, a
sample weight of 3 mg of a concrete containing 2.57 % of

25 silane will correspond to an absolute amount of 77 pg of
silane and would give a detector signal of 22.3 mV . min
for the characteristic pyrolysis product isobutane., and
30 mg of a concrete containing 0.01 % of IBTEO (= 3 ug of
IBTEO) would give a detector signal of 1.8 mV « min {(both

30 points are plotted on the upper curve). The area of the
pyrolysis peak characteristic of the silane used can thus
be used for determining the silane concentration over a
wide range by variation of the sample weight.

The concentration of the organosilicon compounds applied
35 to inorganic materials or introduced therein for the
purposes of hydrophobicization or modification or their



I n the process of the invention, the pyrolysis products 20 are separated
by on-line gas chromat ography on a PLOT columm, preferably w thout any
i ntermedi ate step such as adsorption, cold trap t echni que,

| ow-t enperature focusing, colum sw tching technique, and a ezgeggégl |y
i ndi cated by a detector, preferably by 411 ane ionization 2 tor.

For the gas-chromato raphlc ex tjon of the 0 S se is
made in the qﬁ%' % her |rﬁ¥§%?i%? 9Etﬂ°%%?%%%§£§§+cﬂﬁére er bﬁy
contai n al unmusiuahlyxi feom daboat vat €d By 0ACS diy Nedight, obasedi on gbe or
graphi t ) zed Qo (O HARlr 1 AL erl® 2B the BpHRRREraRdAEPGan 3881 ON
styrene/ di vi nynl?enzene as sol pord ayer. ch capillary colums are
general | y qudre highsy |on ilawerr. sui tabl e netal capl |l ari es having a porous

| ayer of one of the abovenentioned materials. O Z.
4938 In the nethod of the _invention, rol SIS of. the sample rraterlal
i s pref erfabl Y& HERER @R Litw ﬁ&apéﬁﬁ@r‘g?gi B%’ﬁ/\g@r’f

500[err], butofarbwikdimg C 6téﬂtﬂuﬁ |ﬂgéhesteﬁserabone rangé,frdﬂmﬁbout
300 to 5 900 err e.ner a e f a nobl e
gas, pref eratﬁ%p ?%’r#r’o? 1l orgﬁé %ﬁé éo%f‘f,_é{éﬁé@f A G

a mean value of . for example, 1.5 % of hydrophobicizing
agent is 8 %.

10 A further calibration curve (3-methacryloxypropyltri-
methoxysilane, MEMO) on quartz powder (cristobalite) is
shown in Fig. 7, in which the peak areas measured by an
integrator in counts/mg of sample are plotted against the
percentages by weight.

15 It has also been found that the inorganic material on

which the silanes are applied (for hydrophobicizations,

e.g. concrete, lime-sand brick, face bricks, for

coatings, e.g. quartz, glass, metal powder, aluminium

oxide, titanium dioxide, etc.) can influence the

20 pyrolysis. For this reason, the calibration curves are
conveniently set up using a largely comparable material,
preferably using the same material.

In the method of the invention, the substrate influence
on the pyrolysis can be largely eliminated by preferably
25 pyrolysing a part of the sample material, determining the
blank value for the pyrolysis residue according to the
invention, then treating the pyrolysis residue with an

organosilicon-containing comparison compound and
examining it again.

30 In view of the sample amounts pyrolysed in the method of
the invention, the sample should be as homogeneous as
possible - good mixing is therefore to be preferred in
the case of powders. In the method of the invention, the
pyrolysis is carried out using‘preferably from 0.1 mg to



passed over the sanple material so that the pyrolysis of the sanple
material is conveniently carried out in the carrier gas stream of the gas
chromat ogr aph. However, 10 oxygen-free nitrogen or hydrogen can al so be
used as carrier gas in the nethod of the invention. Fig. 3 shows the
pyrol ysi s-gas chromat ograns of the sanelganples descri bed fgrzFi§?3§; a

PLOT colum 2 (25 mlong,  0.32 nmintern di gnet er ayer, of

Al[ err]O[ er r PPRCRI | eﬁk‘fq‘lﬁﬂa’fw cRﬁ%ggrglee%FPmdﬁ'éwﬂéc Ko GBp, ma.
Frankfurt/ I\/aival);y \/\ﬁgrﬁﬂﬁﬂtak%iﬂ I ¢|ﬁ@f\hﬂﬂ]3ye.fﬁ|ai ng inge yr G0y wigs of
arrangement sel egte re ..sal S0 the Exa or di e
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of f at a tenmpeganmsd liconowanmpabas D fra0® & [0.108r & oo wellght.
correspondi ng al kane is the only conponent which is fornmed in a relatively
| arge anmobunt as pyrolysis product. Furthernore, the method of the invention

can al so %e &Fonideteymining phhe| panetratdamt depthf MRt BOBPEPHE in 25

general , thi sna4Q88 10! ﬁﬂ@i&rﬁﬁf@'hiﬁﬁéea&set Be BuNDEingnMateRyal sOf
ot her smaller fragnents.

Fig. shows, b of exanple, the effect of
tenperature RHCH RSB E@EcFﬁgﬁnﬁFﬂ a’ﬁ%‘lﬁ%‘%‘i}f‘t - g?ﬁﬁﬂﬁflgaﬁ’épé'n
concrete. Thegtrd Yiss tenpaket wampies E£xami redsamplei bodyr tatulthe, the
range from 300 to 900[err] _bel.o 0 r Iyl f t |t of the
octyl radi calsu(r\ﬁcc% éﬁ%ééfs a&s%%?’é\%% %ﬁgé%plﬂie#§£%£ bﬂﬁd‘}_fnfg,

10 boring or milling and to examine these according to the
teachings of the present invention.

For this purpose, the sample body can also be clamped in
a suitable holding fixture, test material taken off at
the surface and also at the depths to be tested in the
15 test body {(e.g. at depths of 1 mm, 2 mm, 4 mm, 8 mm or
even more frequently and at lesser or greater intervals)
using, for exampie, a microgrinder for parting-off (e.g.
diamond parting wheel, diameter 10-30 mm, grinding width
0.1-0.2 mm) or a microborer (diamond borer, diameter <
20 1 mm), in such a way that preferably about 10-100 mg of
powder are obtained, and the examination of the sample

material can subsequently be carried out by the method of
the invention.

The pulverulent material collected separately for each
25 penetration depth is preferably freed of excessively
coarse fragments (to ensure homogeneity), well mixed and
a subsample thereof is analysed. During the grinding or
boring or milling, care should be taken to ensure that
the rotational speed of the grinding wheel, the borer or
30 the milling cutter is kept as low as possible to avoid
excessive heating of the material to be ground off. From
the active substance concentrations determined by means
of pyrolysis/gas chromatography and the depths from which
the samples were taken, an active substance profile

35 {concentration plotted against the depth) can be
constructed.



9QO0[err,] this radical is largely deconposed. Here too, the preferred
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alrnrn I c an 3t iECess 3 porous
su:.table solvent, for example n- or 1-pentane, n- or

i-hexane or cyclohexane, n- or i-heptane, n- or i-octane
or toluene, xylenes or methanol, ethanol or methylene
chloride or trifluorotrichloroethane (R 113) or other
chlorinated hydrocarbons or chlorofluorocarbons, dry it
and then analyse it (cf. also Example 3).

The method of the invention can thus also provide
additional information about the bonding character of
hydrophobicizing or modifying agents after treatment of
an inorganic maferial if, conveniently, at least one
subsample of the sample material is extracted prior to
pyrolysis with a solvent, dried and then separately
pyrolysed and analysed.

The method of the invention makes it possible, in a
simple and economical manner, to detect, identify and
very largely <quantify reliably silane-containing
hydrophobicizing agents and modifying agents on inorganic
materials, in particular building materials. Furthermore,
the method of the invention also makes it possible;~in a
simple and reliable manner, to determine the penetration
depth of the materials thus hydrophobicized or modified
using organosilicon compounds.

The invention is illustrated in more detail by the
following examples and the Figures 1 to 10:

s;[:teaweiﬁlr%gt O & BhnBd Yr il TESUByRRLILE, WYEROY di C.

carbonate- con



ferm 20 For the treatnent of materials nentioned above by way of
exanpl e, -thermally and chem cally unstable silanes can al so be used, for
exanpl e 3-nethacry|oxypropy|trinethoxy silane (MEMO and

3-am nopropyl tri met hoxysi | ane ( AWNO) . ? t he case of these<f%£p8€¥gf,
pyrolysis in the 25 preferred tenpera fire range from 500 8 r] did

not form nmaipl sgal Cerr]-Cerr]fragnents, but also characteristic high
boi | ers whi ni shingly retained during the pyrol ysis process under
the conditions of the nethod of the invention. Fig. 5.1 shows, by way
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(CCH3) [err]) cohkeerR! giwder twaieeoarbhﬂdnaua oFMmiee 'fuFE £ 1edl. Hat® i S
. 145 L LA ) Ao B Do LR TR, T 1 A0
: diamond parting wheel (wheel thickness 0.1 mm). Care was
here always taken to ensure that the rotation rate of the
10 parting wheel remained low so as to prevent premature
decomposition of the hydrophobicizing agent, and that no
pebbles (which hardly absorb hydrophobicizing agent)
present in the concrete were ground off but that fairly
representative concrete composition was ground off at
15 various points of the respective depth. The respective
samples from the various depths were individually
thoroughly mixed and relatively large fragments which
could cause iﬂhomogeneities were sorted out and
discarded.

20 About 1-5 mg of the ground-off powder were accurately
weighed into a platinum boat fitting into a pyrolyser
PYR-2 from Shimadzu Europa GmbH and pyrolysed at 700°C,
by pushing a push rod together with the microboat into
the 700°C zone and, on-line, immediately flushing the

25 pyrolysis products suddenly formed into the gas-
chromatographic separation column using the carrier gas
helium. The pyrolysis products were separated there and
registered by a flame ionization detector.

Separation column: 10 m guartz capillary PoraPLOT Q,
30 Internal diameter: 0.32 mm,
Layer thickness: 10 pum, Chrompack GmbH, Frankfurt/Main.
Temperature programme: 60°C/2 min isothermal,
10°C/min to 120°C, 9 min
isothermal.

35 The corresponding gas chromatograms are shown in Fig. 8.



5- the organosilicon conpounds used in each case in the sanple mat eri al
for t he hydr ophobi ci zati on or nodification is generally not difficult
to achi eve. Even the al koxy radical of the silane originally used for
coating, for exanple an organotri nmet hox%%EI ane or organo- a
triethoxysilane, can be identified by ans of the met h 0? of33Bhanol

peak which f secon on the f e
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and for issobus yn 'deptte! th]y§I§ Aneg (B UdPern 4 igryisand brick. The ordinate
I's the detector signal in . 'min and the abscissa is the nunber of

m crograns of silane pyrol ysed. For exanple, a sanple weight of 3 ng of a
concrete contPheidulibratidroicuive (®i.ganeigsl.| 6 cand espdsdobtadnedbinl ute

amount of 77 J.err silan nd woul d give a detector signal of 22.3 ny .
mn for the c%lé a}e‘fg?vé’trf% 'b%f?%?ybl s product isobutane, and 30 ng of a
concrete contAbonnRW @yl of ef suBTable—cqnirets axe IQSPE@F addl.dAftes a
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curve). The area_ o
10 conditions of the pyrolysis/gas chromatography, any

organic constituents which interfere with the evaluation,
20 mg samples thereof are weighed into a bottle having a
rim, admixed with different concentrations of an
ethanolic (organoethoxysilanes) or methanolic {(organo-
15 methoxysilanes) solution of the silane in question,
closed and allowed to stand for 24 hours at room
temperature. The solvent (methanol or ethanol) is then
blown off in a stream of nitrogen (fume cupboard) and the
now dry residue is kept open for 30 minutes at 70°C in a
20 drying oven to drive off remaining traces of alcohol. The
individual samples are pyrolysed and the peak areas of
the respective main peak are plotted against the amount
of organcalkoxysilane (pg, calculated from amount applied
and sample weight, Fig. 6) or the peak areas per mg of
25 sample weight are plotted against the organoalkoxysilane
concentration (% by weight of organoalkoxysilane on
concrete, Fig. 7) and the curve is constructed.

Example 2

To determine whether the hydrophobicizing agent is
30 present in chemically bound form or is only physically
adsorbed, the following procedure was carried out:

150 mg of a concrete hydrophobicized with isobutyltri-

ethoxysilane were carefully ground out from a depth of

3 mm and 5.362 mg or 4.111 mg thereof were analysed using
35 a method similar to Example 1 (Figs. 9.1 and 9.2).



pyrol ysis peak characteristic of the silane used can thus be used for
determ ning the silane concentration over a w de range by variation of the
sanpl e weight. The concentration of the organosilicon conpounds applied 35

to inorganic materials or introduced therein for the pur poses_ of
hydr ophobi ci zati on or nodification or tﬁé 8 Z. 433 7
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Sbout b to 0P ojmspagatibn SpRlufflE0SE" HROE vﬂ% 0P oSy PactirtE o ¢ e
concent r at i offapiddaxys (ROB‘GPhDQ‘héiz%/IﬂdeelintSrna‘Ihéla@pbarabO b 32ymmt andar d
devi ati on of dﬁazda egﬂggﬁégg of QJMI ng p ghect 'cﬁﬁ:o?ﬂ)% S ﬁgﬁut 0.12,

t he repeat abl and fhe Coéit'ici en of variatifon at a rreah val ue
of, for examﬂr@n kf W o/ M#&imhydr ophobi ci zi ng agent is 8 % 10 A further

cal i brat ison CERerd Ruie grgan@espT opy! tdd*c/ﬁﬂ&dl@ﬂ%dt%@:ma%m on quartz
powder (cristobalite) is shown in Fig. 7, |Qb»h areas neasured
by an integrator in counts/ng of sanple 3% Gfimay e&°ag]e§91sq'ti3r@ pBiBent ages
by weight. 15 It has al so been found tHaiotihwrmalarganic material on which
the silanes g &Pl dediidiie VEUIMY GuEtals was found. -

In parallel thereto, 125 mg of the same concrete powder
10 were extracted with 40 ml of n-heptane (Bp. 98°C) for
~ 3.5 hours in a micro-Soxhlet and then freed of residual
heptane for 1 hour in a vacuum drying oven at 90°C and a
further hour in a normal drying oven at 80°C. Two
pyrolysis-gas chromatographic analyses were likewise
15 carried out on this extracted concrete (sample weights:
4.821 or 4.943 mg, Figs. 9.3 and 9.4). Result: 0.39 % by
weight of active substance, i.e. 97.5 % of the isobutyl-
triethoxysilane ére accordingly bound to concrete and
therefore not extractable, and only 2.5 % are in
20 physically adsorbed form. Corresponding to this result,
the pyrolysis-gas chromatograms of the extracted samples
(Fig. 9.3 and Fig. 9.4) differ very little from those of

the unextracted samples (Figs. 9.1 and 9.2).

Example 3

25 Examination of pulverulent, mineral materials:
Depending on the expected silane concentration, ‘about
1 mg (at > 2 % by weight) to 50 mg (at < 0.02 & by
weight) are accurately weighed out and pyrolysed as
described. Since, in contrast to the building protection

30 agents which are predominantly alkylalkoxysilanes, the
coating is carried out- using predominantly
organofunctional alkoxysilanes such as, for example,
acryloxypropyl-, 3-methacryloxypropyl-, glycidoxypropyl-,
3-aminopropyl-trialkoxysilanes which bear a chemically

35 and thermally less stable organic group, the influence of
the substrate on the pyrolysis is also stronger. This is



e:g. concrete, linme-sand brick, face bricks, for coatings, e.g.

quartz, glass, netal powder, alum nium oxide, titaniumdioxide, etc.) can
i nfluence the 20 pyrolysis. For this reason, the calibration curves are
conveniently set up using a largely conparable material, preferably using
the same material. In the nethod of thelnvention, the subsPrﬁte4?§3Iuence

on the pyrolysis can be |argely elimnated by preferably 25 olysing a
part of the & 8t F198 - &i‘t'ér nFRi r?go'?%e Uﬁ&ﬁﬁ v‘%‘%eslame tggiﬁ) olysis

resi due accor(d@-agimdgrpyltidndthoxysidane)eatiad) theewyrappbiedr esbdue
with an orga I 1.1.Ggon- contai.ni c I son 0 . Lning it
again. 30 Iré(rzlﬁ'\ﬁétﬁ%‘eof Bgﬁég an@ﬁ'g ‘angﬂgfg' p§V8F§/’§§§p i%’énlne hggio t he

i nvention, tid9anpte Shodl;d bdFig.hodbgeieodndas pbsi b(Big. god@.F)xing is
thereforg to b ol e =Ty %Ey%h t he

i nvent i o;s, t%&%ﬁ% 1;& g?a?ﬁ?%gégﬁ?iﬁg?ng ers%?ée?;lﬁl ? rom?g?l?&}r}g to

12 boiling (pyrolysis spgodyctpdmetentdony ting of o8| Pinugesd. 5 ny

to 100 ny, Ve{id Pe&tasULal leadl b but ' P5wdrlBoi iR BHesBbiatiBhe

mat erial which c nvenlentng'has a c%Ptent of, %r gnosili.con 80 oands of
from5 to 0. PE W?f\éﬁ%t ‘epresented to a differing extent depending

on the activity of the substrate: the component having
10 the retention time of 7.2 minutes, for example,
(n~propanol) occurs predominantly in the case of talc,
but only in traces in the case of the more active
aluminium oxide. For this reason, it is advisable to
proceed as follows if such silanes could be present:

15 A part of the sample is pyrolysed at 700°C. To check
whether the pyrolysable components had been completely
decomposed, a few milligrams of the sample are again
subjected to a pyfolysis, but at 500°C. If this material,
as expected, gives only a negligibly small blank value,

20 it is covered with an alcoholic solution of the presumed
silane, allowed to stand for 24 hours to react, the
alcohol is driven off and the entire material is dried
for a further 30 minutes at 70°C in a drying oven.
Pyrolysis is then carried out at 500°C and the pyrolysis-

25 gas chromatogram is compared with the unknown sample. If
the two are in agreement, different amounts of silane are
then applied to the material pyrolysed at 700°C and, as
already described, a calibration curve is constructed. In
this way, the substrate corresponds completely to that of

30 the sample to be examined, and erroneous interpretations
caused by substrate effects can be avoided.

Brief description of the figures:

Fig. 1: Conventional gas-chromatographic examination of

reaction products which form in the pyrolysis

35 of various alkyltriethoxysilanes on concrete
{Figs. 1.1 to 1.4)



5, For determning the penetration depth into a porous nmaterial, for
exanple in the case of building materials such as concrete or |imnme-sand
brick, a convenient pro- cedure is to take sanples froma sanple body at
the surface and/or at various depths by_careful grinding, 10 _boring or
mlling and to exam ne these according £8 the teachi ngs of ?h@'p?gégnt

invention. For. this_purpos t.he sanple body can al be ¢l ed ip a

sui tabl e holgﬁﬁg ﬂr%fu?§F°ﬁ8§ﬂsﬁﬁP§riﬁ r?%%ﬁﬂgﬁﬁw é?ﬁvhé°§u?£§b§‘aﬁ§ al so
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wheel , di ameter 10-30 ®#hoxysidiamng WNJIGONELEt® 2 ) or a mi croborer

(di anond sbor gfig . dilamat Pyro148is-ECT5 014 S¢!Chy awdbyht het Ei:@{a?leblw about
10- 100 ng of powder are gbtdained, and the exam nation of the sanple
material can subsequenﬁtg‘wsd;ar‘ﬁee(?'blﬁowet% met hod of the invention.

The pul ver ul eriig.mat.eii Fyrodysde-GC oEporn 4t #lly wighacbf2bsopatgltati-on
depth is preferably fr f ssively coarse fragnents (to ensure
honogeneity), well m x%%ifﬁgsgﬁ&?ﬁsg%l%q%t}of i s anal ysed. During the
grinding or boring or mlling, care should be taken to ensure that the
rotational Shagql of: NGy Idilidiheiitlon d® SiRindicl &AC &1 ! piibg cutter
is kept as |ow™as possible to avol
10 column 1 according to the method of the
invention - pyrolysis of various alkyltri-
ethoxysilanes on concrete (Figs. 2.1 to 2.4)
Fig. 2.1: Pyrolysis-GC of 0.4 % by weight of methyltri-
ethoxysilane on concrete
15 Fig. 2.2: Pyrolysis-GC of 0.4 % by weight of ethyltri-
ethoxysilane on concrete
Fig. 2.3: Pyrolysis-GC of 0.4 % by weight of propyltri-
ethoxysilane on concrete
Fig. 2.4: Pyrolysis-GC of 0.4 % by weight of isobutyltri-
20 ethoxysilane on concrete

Fig. 3: Gas-chromatographic examination on a PLOT
column 2 according to the method of the
invention - pyrolysis of various alkyltri-

25 ethoxysilanes on concrete (Figs. 3.1 to 3.4)

Fig. 3.1: Pyrolysis-GC of 0.4 % by weight of
methyltriethoxysilane on concrete

Fig. 3.2: Pyrolysis-GC of 0.4 % by weight. of
ethyltriethoxysilane on concrete

30 Fig. 3.3: Pyrolysis-GC of 0.4 % by weight of
propyltriethoxysilane on concrete

Fig. 3.4: Pyrolysis-GC of 0.4 % by weight of
isobutyltriethoxysilane on concrete

Fig. 4: Gas-chromatographic examination according to

35 the method of the invention - formation of
n-octane in the pyrolysis of n-octyltri-

ethoxysilane on concrete as a function of the



excessive heating of the material to be ground off. Fromthe active

subst ance concentrations determ ned by neans of pyrolysis/gas

chromat ography and the depths from which the sanples were taken, an active
substance profile 35 (concentration plotted against thg deR é can

be construct ed. &9z, 4938 Since it “GecdB®e for

the quality of bU|Id|n eql i et her_t dr gphabi |Z|n nts are
| ying only physically gﬁﬁoﬁ'g 3&% gﬁ:alﬁenpé}% §pﬁpg c &5 gngog ﬁ‘
t heref ore be washed OUSWGAMGJJW tdhdy tar 4.5} chemically bound to the

Zﬁ;}c 322 ?Eg rl{} e(tzl%ll ve arrp]1 es as descwﬁgﬁove ar#(?fa}ﬁ ?Wous Ho

extract partFig. thesMpyaieoGd o ppwokysi sy terpemtiurs|40EE vent , for
exanpl e & Olpjig PeNiBNGyib1Wislle i &Xs %ﬁ&l@@ﬁ.‘% m«d
| - heptane, n-_or i-octane or toluene, Xylenés or rret hanol anol or

met hyl ene chiEHd det v+ B¥FRIIHAGE hio BBl Fempgratu rl’(57hl orinat ed
hydr ocar bons rig .cm.caaof:iym (23S, -drpyxtdlﬁnﬂs tﬁmﬁpee]m:lw 1g09cf. al so

gl A 4 AL kg bl T o

Fig. 4.7: Pyrolysis-GC - pyrolysis temperature 900°C

10 Fig. 5: Gas-chromatographic examinations according to
the method of the invention - pyrolysis of
silanes having different oxrganofunctional
groups (Figs. 5.1 to 5.3)

Fig. 5.1: Pyrolysis-GC of 1 % by weight of 3—anu.nopropyl-

15 triethoxysilane (AMEO) on concrete (Pyrolysis
temperature: 500°C, Sample weight: 3.050 mg,
PLOT column: Pora PLOT Q)

Fig. 5.2: Pyrolyéis—GC of 0.5 % of 3-methacryloxypropyl-
trimethoxysilane (MEMO) on concrete (Pyrolysis

20 temperature: 500°C, Sample weight: 5.130 mg,
PLOT column: Pora PLOT Q)

Fig. 5.3: Pyrolysis-GC of a mixture of 1 % by weight of
AMEO on concrete and 0.5 % by weight of MEMO on
concrete. Sample weight: 4.5 mg of AMEO-doped

25 and 3.1 mg of MEMO-doped concrete (Pyrolysis
temperature: 500°C, PLOT column: Pora PLOT Q)

Fig. 6: Examples of calibration curves
Fig. 6.1: Calibration curve for isobutyltriethoxysilane
(IBTEO) on concrete
30 Fig. 6.2: Calibration curve for isobutyltrimethoxysilane
(IBTMO) on lime-sand brick

Fig. 7: Calibration curve for 3-methacryloxypropyltri-

methoxysilane {MEMO) on quartz powdex
(cristobalite)



hydr ophobi ci zi ng or nodifying agents after treatment of an inorganic
material if, conveniently, at |east one subsanple of the sanple material is
extracted prior to 20 pyrolysis with a solvent, dried and then
separately pyrolysed and anal ysed. The nethod of the invention nakes it
possible, in a sinple and econonical maffer, to detect, ideRt@ry%838 very

| argel y quantjfy ., reliably. _.silane;containing 25., hydrophobicizing

agents and n3di%yi%g agifrﬁe@%ﬁ’q%aﬁﬁ o né?@ﬁ‘ag’s'?g‘?‘ﬁepé?f’f’ 188 &Qi 1 di ng

mat eri al s. Furt her nor e, thehanetdidtb b Hf thdeinvertionn-abrothek earifacpgssi bl e

in a sinple and reli abl ngpgghn hﬁggg;egﬁjng ﬁﬂedgﬁﬁﬁtQﬂﬁiQQtdﬁﬁtﬂmpf t he
or I'fied 3 Si

mat eri al s thus hydr ophobi ci ze u g organosi|icon
conmpounds. The inventi siepth i9of 13t eonerete hoeatedt withbysobutydticdw ng

exanpl es sand the Fi gur §gethdsysitane (BTMO) . O Z. 4938 Exanple
1 Froma con%Lete sanpl e h drgfhobiciged wth isohbutyltri- methoxysilane

(1 BTMD) (120 df‘-’{'erq*‘]lvﬁ?’brgl}?a Wfarer(Samplie weighty i -fdhmdi ci zed
concrete wal IFignd 8vds: At t4165 um depth Of Sanpdd iwsiighad Dol sgpout 20 ng in
each case of LANCTELE, RANPTIC Sl kSt i, K¢ gyt © ™

Fig. 8.4: At 18 mm depth (Sample weight: 4.109 mg)

10 Fig. 9: Effect of the extraction on the
hydrophobicization of concrete - examinations
using a Pora PLOT column containing Al,0,/KCl
(Figs. 9.1 to 9.4)

Fig. 9.1: Concrete treated with isobutyltriethoxysilane

15 (at 3 mm depth), prior to extraction (Sample
weight: 5.362 mg)

Fig. 9.2: Concrete treated with isobutyltriethoxysilane
(at 3 mm depth), prior to extraction (Sample
weight: 4.111 ng)

20 Fig. 9.3: Concrete treated with isobutyltriethoxysilane
(at 3 mm depth), after exhaustive extraction
with n-heptane (Sample weight: 4.821 mg)

Fig. 9.4: Concrete treated with isobutyltriethoxysilane
(at 3 mm depth), after exhaustive extraction

25 with n~heptane (Sample weight: 4.943 mg)
Fig. 10: Pyrolysis-GC according to the method of
t he invention - 43 -

aminopropyltrimethoxysilane (AMEO) on
various inorganic materials (Figs. 10.1
30 to 10.3)

Fig. 10.1: 0.5 % by weight of AMEDO on concrete
(Pyrolysis temperature: 500°C, Sample
weight: 6.229 mg, PLOT column: 10 m Pora
PLOT Q)

35 Fig. 10.2: 0.5 % by weight of AMEO on hydrated
' aluminium oxide (Al,0; ¢« 3 H;0) (Pyrolysis
temperature: 500°C, Sample weight:



bel ow, 8 nm bel ow and 18 nm bel ow the surface using a di anond parting wheel
(wheel thickness 0.1 nm). Care was here always taken to ensure that the
rotation rate of the 10 parti ng wheel renained |low so as to prevent
premat ure deconposition of the hydr ophog' ci zi ng agent, andé t ipebbl es
(whi ch hardly absorb hydrophobicizing agent) present in the concrete were

ground of f but that fairly gepsesepfati ca € £O'WOShtd BLYRSPr ound
of f at 15 vari ous goi nts %??ﬁg {raéépie,%té?vea {é’g‘{’h. The respecti v?ganpl es

fromthe varFbgis 4@p3hs wer8-Bnditvi doml | pedmbtoupfi y MMEQd 2Rd a8 vel y

| arge fragnents which could Bores gmgonmﬁtg&e\eer &00¥d ,ed sabprad

di scarded. 20 About 1-5 mS; of tge gr.ound-of f__powder, were gccurately

wei ghed into a plati num boaFefBhtiEng BRdo Mg o FISHT SHLUBAL Zlaof Mom Gt nadzu
Europa GgbH and pyrol ysed apr@®0pgrr], by pushing a push rod together wth
the mcroboat into the 700[err] zone and, on-line, immedi ately flushing the
25 pyrolysis products suddenly forned into the gas- chromatographic
separation colum using the carrier gas helium The pyrolysis products were
separated there and registered by a flanme ionization detector. Separation
colum: 10 mquartz capillary PoraPLOT Q 30 Internal diameter: 0.32 nmm
Layer thickness: 10 [err], Chronpack GrbH, Frankfurt/Miin. Tenperature
progr ame: 60[err] mn isothermal,



19[err} nmin to 120[err] 9 nin isothernal. 35 The correspondi ng gas

chr omat ogr ans
t he peak areas

nm dept h: 0.
6 and 7) is

of f, under t

mﬁmmm“"mmllmsn) baigd on the sanple vvelogﬁt41?ﬁ§ From

per cent ages by Wei §ht* of* acti Ve substance on
the aid of a calibration curve: Surface_1.05 % 4.5 nm dept B=2%0. 483§,

5

concrete are ground off.

18 mm depth: < 0.01 %%2The calibration curve (e.g. Figs.
Y in the foll owi ng manner: About 200 ng of a suitable
After checking that the concrete does not give

10 i L s ' s o r ,
organic consPFiue&ﬁ?ﬁéﬁgﬁk?%?gpgéﬁggn%ﬂ§q é%%%a ualﬁéggigaﬁggsgg Y

| es

t hereof are wei ghebreated F¥ijd rganasidd aen iqgmpawndsed chrracerisednt

concrete were calculated with

5

8

any

concentrations of gf ehBRNAINE LeRPRBOHAILNIHI 2P8S pyRbl1akRANG | gheor gano-
15 nethq¥y5|lanes solutjon of the silane in guestion, c¢losed and all owed

to stand

or 24 hotPErsg ?Hoh tewpersenfs. ande ths pyxolysienrredusts
ethanol) is then bhrsmmilysed anslierTbyf gakt éRgeRatd

now dry residue iscéfﬁﬁn<“¥%3£3ﬂg 3& m_nut es _at

10

15

20

25

30

ayer open g&%&ié Ié%f%mn, i.e.
capillary column having a porous layer).

Method according to Claim 1, characterized in that
the identification of the organosilicon compounds is
carried out by means of components which are

preferentially formed under the prevailing pyrolysis
conditions.

Method according to Claim 1 or 2, characterized in
that the - quantitative determination of the
organosilicon compounds is carried out by means of
components which are preferentially formed under the
prevailing pyrolysis conditions.

Method according to any of Claims 1 to 3,
characterized in that the pyrolysis of the sample

material is carried out in the temperature range
between 800°C and 500°C.

Method according to any of Claims 1 to 4,
characterized in that the pyrolysis of the sample
material is carried out in the carrier gas stream of
the gas chromatograph. '

Method according to any of Claims 1 to 5,
characterized in that the pyrolysis time of the
sample material is less than 10 seconds.

Method according to any of Claims 1 to 6,
characterized in that from 0.1 mg to 500 mg of
sample material are used for the pyrolysis.

Epleg Rhnar groand t he



20, drying oven to drive off remaining traces of alcohol. The individual
sanpl es are pyrolysed and the peak areas of the respective main peak are
‘pl otted agai nst the anmobunt of organoal koxysilane ([err] cal cul ated from
anount applied and sanple weight, Fig. 6) or the peak areas (ge% r%:?
sanpl e wei ght are plotted agai nst thedrganoal koxysi |l ane contehtr

by wei ght of organoal koxysil ane on concrete, Fig. 7) and the curve is
constructed. Exanple 2 To deternm ne whether the hydrophobicizing agent
30 present Bnm ch¥ethefll y ageordingr mter ianwnl 9f phQdaimsl y laddwr betl, the

fol l owi ng procedur gnyeaceaiied Opk: e, M3a®ip1d Chl %&ﬂa}hyﬁw bigi zed
wth isobutyltri- car ef ul

et hoxysi | ane were y “ground out from a pt

nm and 5.362 ny or C@NEeRty of o daam we? e BRal 9sBY udi nPY35 weightet HRE

sinilar to Exanpl eotgahbgsliBoh abfipBuBlds is WSed for the pyrolysPsZ 4938
The separation columm used here was a 25 mquartz capillary PoraPLOT
Al[err]O[err]/KOA, internal dianmeter: 0.32 mm | ayer t hi ckness:

[err] Bronf. ChMetpedk acooxdinigy artid uradwhi of 5Claimspedat e 8, _
6@hairabteriel ' S NCLHRL: 1" 'dddichiGnd €O ELEA1d2 M N

pr ogr anme:

10

15

20

25

10.

11.

12.

examination of the pyrolysis products is carried out
using PLOT columns containing aluminium oxide,
deactivated by KCl or Na,S0,, or silica gel or
graphitized thermal carbon black or organic polymers

based on styrene/divinylbenzene as solid porous
layer.

Method according to any of Claims 1 to 9,
characterized in that samples are taken from a
sample body at the surface and/or at various depths

by careful érinding, boring or milling and these are
examined.

Method according to any of Claims 1 to 10,
characterized in that at least one subsample of the
sample material is, prior to the pyrolysis,
extracted with a solvent, dried and then separately
pyrolysed and analysed.

Method according to any of Claims 1 to 11,
characterized in that the influence of the substrate
on the pyrolysis is largely eliminated by pyrolysing
a part of the sample material, determining the blank
value of the pyrolysis residue, then treating the
pyrolysis residue with an organosilicon-containing
comparison compound and examining it again.

T

25

n (%

5
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isot her,mal . 0.40 % by wei ght of active substance was found. In parallel
thereto, 125 ng of the sanme concrete powder 10 were extracted with 40 nm
of n-heptane (Bp. 98[err] for 3.5 hours in a mcro-Soxhlet and then freed
of residual heptane for 1 hour in a vacuumdrying oven at 99[grriqgggd a
further hour in a normal drying oven @& 80[err]. Two pyrol ysis-gas

chr omat ographbftggé{;yses were |ikewse 15 carried out on this extracted
concrete (sanple weights: 4.821 or 4.943 ny, Figs. 9.3 and 9.4). Result:
0.39 % by wei ght of active substance, i.e. 97.5 % of the isobutyl-

triethoxysi| ge¢hodeofc enbninghy B3ladclereatedst énokgahier phtbtiadls
extractable, and only 2.5 %are 1n 20 physi cally adsorbed form
Corresponding to this result, the pyrolysis-gas chromatograns of the
extract ed saffpeeingBngioft. BedntieBi o 8. AptHodfef emamihingl éndérganitose of
t he unextrac e i ﬂ%i 2 13ation of
pul verul ent, hﬁ‘?’ﬁgﬁa Eng%téralia Iée %‘[éepen I g’d‘%g‘n"gﬁg@%%%%?ég g?ﬁéﬁghaé,
concentr & i oWhexgin thegsample makemiale|ifht pyrelysedywithia @ ofew by
wei ght) are aeeendistandaindh g uiysiyl prodlyeLdass ARELyEEEdonS1RAR, N
contrast to H}e bui | mgegr ot EC{‘I on 30 agents which are predom nantly

al kyl al koxysP¥af@§, chremapagraghy opsa PLOF Godymn (pgrous laygy open

pr edom nant | yubbdarolcelaimngnal al koxysil anes such as, for exanple,



acryl oxypropyl -, 3-nethacryl oxypropyl -, gl yci doxypropyl -,

3-am nopropyl -trial koxysi | anes which bear a chemcally 35 and thermally

| ess stable organic group, the influence of the substrate on the pyrolysis
is also stronger. This is 17 O Z. 4938 shown in Figs.
10.1 to 10.3, where the sanme silane (3-am nopropyltrinethoxysilane) had
been applied to concrete powder (Fig. 10.1),4pygrated al um ni um g% dggag
Allerr]O[err] . 3 Herr]0O (Fig. 10.2) and talc (Fig. 10.3) 5
respectively. The characteristic largest relatively high- boiling pyrolysis
product (retention tinme 9.8 mnutes) did occur in each case, but

| ower-boiling dissociation products are represented to a differing extent
depending on the activity of the substrate: the conponent having 10 t he
retention time of 7.2 mnutes, for exanple, (n-propanol) occurs
predom nantly in the case of talc, but only in traces in the case of the
nore active alum nium oxide. For this reason, it is advisable to proceed as
follows if such silanes could be _present: 15 A part of the sanple is

pyrol ysed at 700[err]. To check bl e conponents had been
conpl etely deconposed, a fewmlli 0 € npl e are agai n subjected
to a pyrolysis, but at 500[err]C. this material,

Fig. 1.1

Fig. 1.2

T

Fig. 1.3

}
1
% Fig. 1.4
¢
{

FIGURE 1




as expected, gives only a negligibly small blank val ue, 20 it is covered
with an al coholic solution of the presuned silane, allowed to stand for 24
hours to react, the alcohol is driven off and the entire nmaterial is dried
for a further 30 mnutes at 70[err] in a drying oven. Pyrolysis is then
carried out at 500[err]C and the pyrolysis- 25 gas chromatogramis
conpared wi th the unknown sanple. If the twoggrg i n agreenent, d?f%enﬁﬁ
amounts of silane are then applied to the material pyrolysed at 70 [err?
and, as already described, a calibration curve is constructed. In this way,
the substrate corresponds conpletely to that of 30 the sanple to be

exam ned, and erroneous interpretations caused by substrate effects can be
avoi ded. Brief description of the figures: Fig. 1: Convent i onal

gas- chromat ographi ¢ exam nation of reaction products which formin the
pyrol ysis 35 of various alkyltriethoxysilanes on concrete

(Figs. 1.1 to 1.4) O Z 4938 Fig. 1.1. Pyrolysis-gas
0.4 % by wei gh f methyltri i ete
-GC of 0.4 % by Wei‘ght of ethyltri- ethoxysilane dapH,

chr omat ogr am ( GO)
Fig. 1.2: Pyrolysi
concrete

Fig. 2.1 Fig. 2.2

(CH,).CH

Fig. 2.3 Fig. 2.4

FIGURE 2



5% Fi -

1.3: Pyrolysis-GC of 0.4 % by weight of propyltri- ethoxysilane on

concrete Fig. 1.4: Pyrolysis-GC of 0.4 % by weight of isobutyltri-

et hoxysi |l ane on concrete Fig. 2:
col um

PLOT 10
i nvention -

1 according

Fig. 2.2: Pyrol

to

Gas-chromat ographic exam nation on a
the nmethod of the
pyrolysis of various alkyltri- ethoxysilanes on concrete (Figs.
2.1 to 2.4) Fig. 2.1: Pyrolysis-GC of 0.4 %b

:/L\gl ght of nmethyltri-
et hoxysi | ane on concrete 15 §é GC of 0.4 % by Wefghta3sef

ethyltri- ethoxysilane on concrete Fig. 2.3: Pyrolysis-GC of 0.4 % by
wei ght of propyltri- ethoxysilane on concrete Fig. 2.4: Pyrolysis-GC of 0.4

% by wei ght of isobutyltri- 20

Gas- chr omat ogr aphi ¢
met hod of the invention -
et hoxysi | anes.on concrete (Figs.
melght

Pyrol ysi s- GC ~ﬁmﬁ 0. 4

0.4 % by

concrete 30

of nethyltr

exanm nation on

% #E‘t‘ght

et hoxysi |l ane on concrete Fig. 3:

'Fig. 3.3: PyronS|s GC of
propyltrietho?¥§|lane on concrete
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a PLOT colum 2 according to the
pyrolysis of various alkyltri- 25
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Fi-g. 3.4: Pyrolysis-GC of 0.4 % by weight of

i sobutyltriethoxysilane on concrete Fig. 4: Gas- chr omat ogr aphi ¢

exam nation according to 35 the nethod of the invention -
formati on of n-octane in the pyrolysis of n-octyltri- ethoxysilane on
concrete as a function of the 19 O Z. 4938 pyrolysis

tenperature in the range from 300 to 900[err]4/1§ gs. 4.1 to 4.7) @rizQ. 4938l:
Pyrolysis-GC - pyrolysis tenperature 300[err]C Fig. 4.2: Pyrolysis-GC
pyrolysis tenperature 400[err]C 5 Fig. 4.3 Pyrolysis-GC - pyrolysis
tenperature 500[err] Fig. 4.4: Pyrolysis- - pyrolysis tegf;erature

600[err] Fig. 4.8 Pyrolysis-G3 - pyrolygis tenperature 700f{err]C Fig.

4.6: Pyrolysis-GL - pyrolysis tenperaturg 800[err]C Fig. 4 Pyrol ysi s- GC
- pyrolysis tenpgrature 900[err] C 10 Fid. 5: Gas-chronat?graphic

exam nations accdrding to the nethod of thHe invention - pyrojysis of

silanes having {different orgganofunctional groups (Figs. 5-1 to 5.3) Fig.
5.1: Pyrolysis-Gf of 1 % by wei ght of 3-ami nopropyl- 15

tri et hoxysilane (JAMEO on concrkte (Pyrolysis tenperature: 5p0O[err], Sanple
wei ght: 3. 050 ng, =

o

s - 2
|
r<— n-Octan -, ;
O §
Fig. 4.1 Fig. 4.2 Fig. 4.3 Fig. 4.4
i = -
i r t_,
r = —
; ,;
|
! L _
? .
- -
|
|
i
; lr'f !Le-n-OOtan
Fig. 4.5 Fig. 4.6 Fig. 4.7

FIGURE 4



PLOT calum: Pora PLOT Q Fig. 5.2: Pyrolysis-GC of 0.5 % of

3-net hacryl oxypropyl - trinmethoxysilane (MEMD on concrete (Pyrolysis 20
tenperature; 500[err], Sanple weight: 5.130 ng, PLOT colum: Pora PLOT Q
Fig. 5.3: Pyrolysis-GC of a m xture of 1 % by weight of AMEO on concrete
and 0.5 % by wei ght of MEMO on concrete. Sanple weight: 4.5 ng of

AMEO- doped 25 and 3.1 ng of MEMOglppgd concrete (Pyr@.ysis93s
tenperature: 500[err], PLOT columm: Pora PLOT QQ Fig. 6: Exanpl es of
calibration curves Fig. 6.1: Calibratipn curve for isobutyltriethoxysilane
(I BTEO on concrete 30 Fig. 6.2: Calfbration curve for

i sobutyl trinmethoxysilane (I1BTMO on |ife-sand brick Fig. 7: Cal i bration
curve for 3-nethacryl oxypropyltri- mnethoxysilane ( MEMO) on qgquartz
powder (cristobalite) 20 O Z. 4938 Fig. 8:

Determ nation of a depth profile according to the nmethod of the invention -
on the surface, at 4.5 nmdepth, at 8 [ferr] depth and at 18 nmm depth of a
concrete treated with isobutyltri-

Fig. 5.1

M\ NPT

(B)
I Fig. 5.2
(A)
‘ * /(B)
& Fig. 5.3
UJ“ w FIGURE 5
g



Fig.

5 @ met hoxysilane (IBTMD) . Fig. 8.1: On the surface (Sanple
weight: 1.524 ng) Fig. 8.2: At 4.5 mmdepth (Sanple weight: 2.471 ny)
8.3: At 8 nmdepth (Sanple weight: 3.684 ng) Fig. 8.4: At 18 nmmdepth
(Sanpl e weight: 4.109 ng) 10 Fig. 9: Ef f ect of t he extraction

on
columm contai ning Al[err]

treated with isobutyltriethoxysilane 15
5.362 ng) Fig. 9.2: Concrete treated with
i sobutyltriethoxysilane (at 3 nm depth),

to extraction (Sanple wei

wei ght: 4.111 ng) 20 F

i sobutyltriethoxysilane (at 3 mm depth),

n- hept ane (Sanpl e wei ght:

Jerr]/KA (Figs. 9.¢/1p 9.4) Fig. 9.1: nc
(at 3 nm depth),

ght:

prior to extraction (Sanple

g. 9.3: Concrete treated with

after

4.821 ng) Fig. 9.4: Concrete treated with

t he hydrophobi ci zati on of concrete - exam nations using a Pora PLOT

e
pri or

exhausti ve extraction with

i sobutyltriethoxysiggne (at 3 mmdepth), after exhaustive extrac;ion 25

wi t h n- hept aneS{CSampi — g To" PYT O ySTS=
according to the gethod of t h e i nvention - 3
am nopr opyl tripget hoxysi | ane ( AMEO) on various inorganic erials
(Figs. 10.1 3 to 10.3)
15.0 J
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5.0 4 4
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Fig. 10.1: 0.5 %by weight of AMEO on concrete (Pyrolysis
tenperature: 500[err], Sanple weight: 6.229 ng, PLOT colum: 10 m Pora PLOT

Q 35 Fig. 10.2: 0.5 %by weight of AMEO on hydrated al um ni um
oxide (Al[err]O[err] . 3 Herr]0) (Pyrolysis tenperature: 500[ err] C,
Sanmpl e wei ght : 21 O Z. 4938 11.752 ng, PLOT col um:
10 m Pora PLOT Q Fig. 10.3: 0.5 % by weight of AMEO on talc
(Pyrolysis tenperature: 500[err], Sanple wefHht: 5. 351 nmy PLOI0.Jol 4988
10 mPora 5 PLOT Q 22 Cains: 1. Met hod of

exam ning inorganic materials which are treated with organosilicon
conpounds, characterized in that the sanple material is pyrolysed in the 5
course of a few seconds and the pyrolysis products are anal ysed on-line by
gas chromat ography on a PLOT

120 )
100

cts*10°3mg
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colum (porous |ayer open tubular columm, i.e. capillary colum having a
porous | ayer). 2. Met hod according to Caim1, characterized in that 10
the identification of the organosilicon conmpounds is carried out by neans
of conponents which are preferentially formed under the prevailing
pyrolysis conditions. 3. Met hod according to Caim1l or 2, characterized
in 15 that the quantitative determnation of the organosilicon
conpounds is carried out by neans of conponerﬁf%omhi ch are prefer &ii A93¢
formed under the prevailing pyrolysis conditions. 4. Met hod accordi ng
to any of dains 1 to 3, 20 characterized in that the
pyrolysis of the sanple majerial gfs carried out in the tenperature range
bet ween 800[err] and 500[efr]. 5. Met hod according to any of dains
1 to 4, characterized in pyrolysis of the sanple 25

material is carried ouf i ier gas streamof the gas chromatograph.
6. Met hod according Clains 1 to 5, characterized in
that the pyrolysis ting ple material is |less than 10 seconds. 30
7. Met hod accordi ng Claims 1 to 6, characterized in
that from0.1 ng to 50§ le material are used for the pyrolysis.

Fig. 8.1
(CH,),CH 4
Fig. 8.2
Fig. 8.3
M A .
Fig. 8.4

M ¥ A FIGURE 8



O Z. 4938 23 8. Met hod according to any of Cdainms 1 to 7,
characterized in that sanple material having a content of from5 to 0.01 %
"by wei ght of organosilicon conpounds is used for the pyrolysis. 5 9.

Met hod according to any of Cdainms 1 to 8, characterized in that the
gas- chr omat ogr aphi ¢ exami nation of the pyrolysis products is carrled out
using PLOT col utms cont ai ni ng al um ni um oxi dg,zj@eactivated by KCyp
Na[err]SJerr], or silica gel or 10 graphltlzed t her nmal car on g?ack
or organic polyners based on styrene/divinyl benzene as solid porous |ayer.
10. Method according to any of Cainms 1 to 9, characterized in
that sanples are taken froma 15 sanpl e body at the surface and/or
at various depths by careful grinding, boring or nilling and these are
exam ned. 11. Method according to any of Cains to

characterized in that at | east one subsanple of the 20 sanple

mat eri al , prior to the pyrolysis, extrhcted with a solvent, dried
and t hen se arately
(CH,).CH (CH,).CH
‘lm

J*"‘E
-

Fig. 9.1 Fig. 9.2
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V4
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Fig. 9.3
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.

pyfrol yeed and anal ysed. 12. Method according to any of Cains 1 to
11, characterized in that the influence of the substrate 25 on the
pyrolysis is largely elimnated by pyrolysing a part of the sanple /‘
material, determ ning the blank value of the pyrolysis residue, then

treating the pyrolysis residue wth an organosilicon-containing conparison
conpound and exam ning it again. 10/10 0.2. 4938

Fig. 10.1

9.8 min.

T
% Fig. 10.2
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