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he conversion of double bonds in UV-oured acrplic coaiirgs o various subwratas uys fol-
lowed in-line by weas-infrarad [NIR) reflecrion spectroscopy, Quantilative data were obiiined
directly from the intensity ot the qervlic overtone band ar 2620 nin, which allows vy easy cod-
tion of the madthnd. The custos-ineade prote Readd of the NIR spectroterer toas fitted 1o sev-
 pilot-scale coariigy and snring bines, and the converstm was determined i olear and pg-
mented coatings s well @3 in menddh reslslant nanocemposite lapers va the hasis of eorplintes.
[t was shown that reasoruttde comvgrsion dula can be phined wnth sufficiens fime resolution
“at line speeds of ar lzast 120 snfmin. Furtherteore, the merhod has Deen prnen L e wseitd for
(the monitoring of the crnnersintt i Layars fromt foe-sael] adhesives fir PSA applications. s,
for the first time there {2 un anatylical meibod availatde wihich can b retlably appdied for
process and quality corirol tn fechrical CLring provesses.

~ INTRODUCTION

| Mrocess analytical wols have bheen tsed in the chemical industey for a
long (ime i order o conirl the actual state of the process and the guality

| ol the products made 12 In recemt years, such systems have also heen increas-
ingly employed Jor the moniwsning of vartous pelymerizadon reactions

| where they can help to oplimize the efMicient use ol energy aned taw materi -

‘ als, and also vy ensure that the propenies of the prodoced polymers are
within the given specification. Mrocess menitoring and conuol would alse be

| interesting [or tadiation-induced polymerization reactions.

The most inpodlant parameter for process and gquality conuee] of LY and
electron beam (ER] curing processes is the conversion of the {methjacrylic
douhie bonls, since that determines all other funclional propertes of a coat-
ing such as scratch and abrasion resistance, hardness, weathenng resistance,
chemical stability, the content of extractables, ete. Moreover, Tor further pro-
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cessing of the coating a sufficlent conversion is re-
quired, ard wips resistance must be attained belore
stacking or winding.

Llowewer, the conversion thar s achieved during ima-
diatton depends on a large number of Tactors such as
the applied irmdiation dose, which ix detemined by
boll line speed and imadiance of the mcident WY hign
{or the elecimon comment in LB auring), and the compao-
sitton of the reactive formulation, termperature, inerti-
zation. and other factors, Only some of the possible -
fluences can be ensily contolled, Hence, 1he
compliance of the actual Tevel of the conversion of a
coating with the requiements derermined by the spe-
cific application has 1o be controlied continuoasly in
arder 1o be able Lo respond to process varintions. Tor
an etficient process and quality conteal, the imnediate
and continual availabilioy of curect conversion data iy
an indispensable precondition,

Various analvtica! methods have been wsted with re-
grect of thely applicahility fur in-\ine measurernents of
the degree of cure of 4 coating in a running coating
line > However, none of them was fonnd 1o be soffi-
cienty soited fur tis task. Neae infrared [NIR) spec-
woscopy s widely used for process conrol in the
chermical industey and in several other commercial ap-
Plications,®” since I possesses sufficlent time resole-
tion and sensitivity {or in-line measurements as well as
comprehiensive amd versatile analytic polential.
Moreover, elficient analysis of the recorded data siream
can be supporied by powerful chemometic methods.
Dedivated NTR prircess analyzers based on multichan-
] delectors are connpact, migged, and comparatively
cost-etfective, Generally, they are eqynipped with opical
fibers, which allows spatial separaton of spectrometer
and probe head, and, consequently, easy integration of
the instrument into an existing production line,

The analysis of acivlates and methaceyTates by NIR
specltimcopy is based on the band of the list overtone
of the ©-H suerching vibration of the {meth)aoylic
double bonds, which appears at 1620 nm.# In the pasy,
the conversion was followed in several batch polymer-
lzation processes” 1 where the thivkness of the laver in
which the probe light is absorbed lies in the ranyge of
midlimerers or centimeters. Some authors also repron
the investigation of photopolvmerization reaclions of
aaylates' ™ and metharrylates!™'S by NIR spec-
rroscopy. However, (hose investigations welre pedtormed
o) thick samples as well (Le, a thiclaess of about T 1o
& mm} since most of the sampies were dental conypos-
ilew. The imvestigation of thin coalings wirth a thickness
of only a few micrometers is difficult because of the
refative low extinetton coelfidents in the near-infrared.
Nevertheless, bn this sludy i will be shown that NIR re-
flection spectroscapy is uble to deteci even small varia-
tons of the conversion in aavlate coalings studied -
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rectly in a running coating line, in spite of the weal ab-
sorptiom and the very losw thickness of the layers,

EXPERIMENTAL

In-Line MIR Reflection Spectrascopy

NIR specte were recorded with a process analyzer
svslem which was developed according 1o the spedific
requirements of jn-line measorements on thin UY-
cured acnylate coatings, ¥ I consists of 2 commercial
speciromeler unil [Kusia 4004 P from LEAY and a sepa-
rate Lailor-madde probe head which is linked 1o the
spectrometet by a tiber-optic calsle,

The spectrameter is based on @ concave holographic
crating and a tast linear photodiode amay as detector
The thermoelectrically cooled [nGass deteclor consists
0f 236 elemends and covers a speciral region from 1530
o 2000 nm, With its migimum inlegration dme of 36
psec, the dicde artay provides the tirme tesoluton and
the sensitivity which are necessary for in-line monilor-
ing. The tungsten halogen lamp used as the light source
for the spectrometer is integrated in the probe head, In
order W prevent postouring of the acrylate coarngs by
the shorl-wavelength part of its emission, a UV filter iy
matnted o front of the probe head. Moveover, il 1s
eguippedd with a diffuser plate in order to suppress in-
terferciices which occuc in thin mansparent toils of
soime high-prade polymers, Specoa of transparent film
samples are taken against a ceramic retro-reflector he-
hind the [iil, which is also avtached to the probe head.
A more dewiled descripion of the NIR reflection spec-
Iromeler systern was repolied in reference 17.

Application and UV Curing of (eatings

In-Tine monitoring studies were carried vut on varl-
onis pilot lines at IOM, Acrylate coatings on polymer
foils and paper were macde on a tall coating machine
provided with a Fusion F-600 metowry are lamp and an
| EA electron Beam acceletalor operated at 130 kV
(1A Iradiation of coatings an panels and plates
was performed on a conveyor, wiich can be equipped
with various LIV lamp systemy such as an I81 mercury
arc lamp or an array of fluorescent lamps. The deyres
oof cure was followed in coatings Mrom proprietary dear
and pigmented acrylate formulations to be used as
uncticonal or pratective lavers.

Application and LIV irradiation of adhesive layers
were cattied oul with « dedicared sTot die coating ma-
chine. After heating to 90°C in order to gel a melt vis-
cowity saitable for processing, the adhesives were ap-
plied to a 220 um thick polypropylene [P} tape and
subsequenty imadinted al 308 nm with an XeCl® ex-
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Figure 1—NIR reflection spectra of 20 g/in acrylate coatings un 60 pm
LDFE fil aftes UV irradiation with different doses,
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cimer lamp (ITeraeus), which was mounted Jengthwise
in order torincrease the applied irradiation dirse

In any case, the NIR probe head was inslalled above
the moving web or conveyor just behind the exit of the
LIV lamp or the CB acceleralor, and spectra were
recorded continuously at a rate of 100 speclra/min.

RESULTS AND DISCUSSION

Quantitative Analysis

Figure 1 shows spectra ol an acrylic clearcoat on
polyethylene foil {LDPE) after UY ircadiaton al various
doses. The acrvlate band at 1620 nm and its decay on
irmadiation can be clearly seen in the spectra. Since the

Figure 2—Calibration curee for the conversion in 10 pm acrylate coats
ings on 30 pra LDPE foil: companson of results from IR reflection
spectrascopy with reference data From FTIR transmissian spectroscopy.
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specta are recorded in rellectance, the method 1s not
limated to-transparent materials, bul iy also suited for
cpadue substrates as well as for pigmented cnalings.

Befure NTR spectroscopy can be used lor process
conlol, il has 1o be calibrated to the specific system
under investigation. In general, this is done by power-
ful chemometic approaches such as PES. Howevet,
these metheds require large sets of well-detined sam-
les for calibration, which are difficult to provide in
LY curing. As a simple alternative for he quanlililive
analysis of the specma, the conversion in the acrylate
coatings can also be delermined directly from the ratio
of the integrals of the band at 1620 nm before and al-
ter irradiation of the sample, T this case, calibralion is
domne just by recording some spectra of the nen-iradi-
ated coating, However, the thickness of the roating has
tor e constamt throughout calibration and in-line mon-
iloring since there js no suitable band in the NIR spec-
trzm which could be used as an interal standard.
Therefore, for the comenion of the conversion dala for
patential thickness varialions, the coating thickness
wauld have to be measured independently. Tn pring-
ple, this could even be done with NIR specleoscopy.
However, this would require a second NIR setup and a
specific PLS-based calibration 1o the thickness for each
coatings/vubstrate combination.

The precision of the integration method was tested
by comparing conversion dala ohiaimed in this way
from the NIE specita with resulis from FITR tmansmis-
sion spectiroscopy. Investigations were carried out with
10 pm-thick acrylale coatings on a 30 ym LDPE foil.
Samples with a wide range of conversions wene pre-
pared. In order to avoid significant postouring, NIR re-
flection and FIIR (ransmissicn spectra were recorded
immediately after UV irmadiation. With hoth methods,
specita were Liken al several points of each sample,
and the resulting spectra were averaged befare further
processing, Besults are summarized in Figure 2. o the
complete range ol conversions studied, a close linear
correlation between the dala [rom the two spectro-
scopic methods was found. NIR spectroscopy slighily
undereslimaies the conversion in compaxison to FTIR
spectioscopy, which might possibly e due to haselineg
effects in either one ot both methods. This offset could
be easily corrected far il this s reguired.

Pracess Control of the UV and EB Luring
of Acrylate Coatings

For in-line monitoring of the degree of cure in thin
acrylale coatings on polymer foils and paper, the spec-
trometer was fitted to a pilot-scale roll coating ma-
chine. It was slightly tilted against the web, which, in
addition to the diffuser plate, leads 1o an efficient sup-
pression of interferences in thin transparent polymer
[oils.
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Clear and pigmented acrvlate coat-
irgs were applied w varioas substrates
and cured with LY lght or LB radiation.
Simultancously, NI specoa were
recorded. Calilration ta the specific
sample system was carried out ust be-
fore the monitoning trial and directly in
the coating machine by taking specua of
the non-irradialed coating,

Tigure 3 shows the in-line monitoring
of the conversion in a clear acrylale
coating on QPP foil after UV itadiation.
Il order o simulate changes of the ima-
diation dose, both the power of the LIV
Tarmgr amd the line speed were varied re-
peatedly. The power of the Fusion lamp
15 given in percent of its maxirmiem oul-
put. Tt can be cleady seen that the con-
version increases or decmeases according
1o the resulting irradiation dose. 1f1he
Tine speed is first increased stepavise and
then decreased, equal conversion is ab-
served at equal doses. Any change of the
line speed lrads to an immediate
change of the conversion, Tn contrast,
changes of the power of the Tamp ap-
pear after a delay only (eg.. the period
Drelween 225 and 253 sec). which is due
to the fact that the wsponse of the LY
Tamp itself is much slower than that of
its elecironic control when the power is
switched to a higher level.

Analegous monitoring wials were
ilso cared out with actylate coatings
on paper As an example, Figure 4 shows
an imvestigation of the degree of cure in
a clearcoal oo decor paper, Tn this case,
the paper itself serves as the reflecior for
the near-infrared radiation, Neverthe-
less, the resulls are quile similar w those
on transparent polymer foiks.

In this study. the mmonitoring of the
conversion was performed at line speeds
up to 120 m/min. Lven al these high
speeds, the scatter of the conversion
data is low, ie., il 14 in the order of
about £ 2 to 4%, The results clearly
sharw thalt it sprite of the low extinction
coefficients in the near-infrared and the
loww thickness of the lavers in the range
ol a few micromelers, NIR reflection
spectroscopy is able to detect small wiri-
ations af the conversion in such aovlawe
coatings even when they have o be ana-
lyzed in a munning coatng line. The
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Figure 3—Process monitorng of the U curing of a 20 g/m? acrylate coating on 20 pm
{PF foil with variable frradiance and at varous line spesds,
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Figure 4—Pincess monitoring of the UY curing of 2 10 g/m? acrylate coating on an 20
g/m? decor paper with varable irmdiance and at varous Line speeds,
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Figure 5—Process manitoring of the EB curing of a 25 o/m® acrylate coating on 60 um
LDPE foil with wariable electron current and at various line speeds
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Figure &—FPracess monitoring of the UV curing of a 25 q/m”™ white-pigmented acrylate
coating ot 60 pm LOPE foil with variable iwadiance and at various line speeds.

set the BB arceleralor w the new imudiation
conditions. "Lhis is reflected in 2 gradual in-

vrease of the conversion as can be Cleatly
geen after each increase of the current in
the period between 10 and 155 sec.

Pigmented systems make up a signili-
cant percentage of technical applications of
LV-awred coatings, and among them white-
prgmented coatings play the most impor-
tant rerde, Tlowever, the curing of white-pig-
mented coatings ik one of the most
difficalt prablems in UV curing. On the
one hand, sufficent mnounis of pigment

100
26, Uy HE L B0 LY Ve ! 100% LIy
1 }
BO - I ! ' 1
1 ] 1 1
5 4 q i s
T 1 |y 1 i
g M 58 :T_-: - Fcop s %
8 /. N
o6 LI E I'."- . g E ]
| E P 1 ' =
B s 1 L
oo 1 1 1 i
Q- T rt b T T
o =] 1003 150 200 2510 e aln} 350 400
Time [sec]

time-resaludon of the data (0.6 seg/spectrum) is soffi-
cient to be nsed for procesy conunl. However, if the
coating line has 1o be operaied at much higher speeds,
the recording rale of the spectriometer can be further
increased without a significant loss of the quality of
the spectra

Rexults similar to those tound after TTV irradiation
weTe also obtained after BB curing, gure 5 shows the
memitoring of the conversion in an acylic Jearcoal on
LDE foil afier EB irradiation, The electron current and
the web speed were varied allernately. Either the or-
vent was kept constant and the web speed was in-
creased stepwise, or Whe current was vamded al comstant
speed of the line These varations of the irmadiation
drme can b direclly observed as changes of the acrylate
conversion. Changes of the web speed again lead to an
immediite response of the conversion, whereas, after
changes of the eleciron curment, ils takes some tme o

Figure #—In-line monitoring of the degree of cure in U¥-stabilized nanacamposite
coalings on MDF panels after UY irradiation with a mercury arc lamp ar a set of

fluprescent lamps at a line spead of 10 ™ /min.

hawe 1o be: added 10 the binder formulation
in vrder to achieve sufficlent hiding power
of the coating. On the other hand, the pig-
ment particles sirongly impede the penetra-
liom of LW light into the deeper layers of
the coaling. Moreover, they comyjrete with the pholoind-
tiator for e incident 1TV light, The resulting comver-
sion gradient may cause serioos curing problems such
as a lack of adhesion to the subsirate. Lo order o avoid
sich problems, the curing (rrocess has to be carefully
oplirmized. [n-line monitoring may help o delent any
deviation from these aptimumm conditions,

Titanium dioxide, the most widely used white pig-
ment, does not significantly absorh in the near-in-
frared, which allows lor monitoring of the acrylate con-
version in such coatings in the same way as for
clearcoals. A typical result iz shown in Pigure 6, In this
uial, the degree of cure in @ white coaling conlaining
15 w1t titanium dicmide on privethylene foil was ful-
loveed by NTR spectroscopy. As erpected, the record s
basically noi different from those of clear coatings.
However, despite roughly similar imadiation condi-
(s, the conweraion is, on average, lower than in the
clear coatings in Fiynres 3 and 4. This is
due to the effect of the swonger conversion
gradient within the piginented coating. The
Tower conversion in its deeper lavers is 1e-
flecled in a somewhat lower average con-
version in the in-line piot,

1o
f UL 'L P Pm::essfnntro!af_ﬂreﬂlf_furfngof
B0 Nanocomposite Coatings
' LA P L LA
5 1 Nanaparticles of silica or alunina can
B 07 be wsed as appropriale fillers in Tcuralle
E 404 Mercury Arc Larp Fluorescant Lamps acrylate J'nrrnulatf':ms o plrt_wide Lrl;mapax—
g enl nanocomposite materials. Parf.tcle.ﬁ that
wele prestously moditied by arafiing
207 monoiers onto theit surface are covalently
bound into the acrvlile networle duging TV
Du 0 A = o e ouring 2 which leads w o marked rein-
) ' ' ’ ' ' ' ' ' forcement of the orgamic matrie One of
Time [sec] the ouigtanding properlies of such coalings
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Figure B—Micmhardness of 30 pm nanocnmposite coatings dn qlass in
dependence on the conversion,
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Conversion

is thelr excellenm saratch and abrasion resisbince, wsed
1o protect wood, inedivm-densily fiberboard (MDI},
and polymers. The inechanical properties strongly de-
jend on the network density, which is mainly deter-
mined by the conversion of the acaylic deuble bonds.
For this reason, a continuons conlrol of the degree of
cure in the coaling is indispensable in order to enite a
consistenlly high quality coating, Henre, a pilow line
for the coating and UV irradiaton of panels a1l 106
was titled with the NIR process monitoning equipment,
and the conyersion in acrvlic nanocorposite coatings
an MDT panels was studied.

The acylale formulation used here contained modi-
fiedd nanoparticles with an average particle diameter of
30 ter 40 nin. Moreover, iLwas protected agains UV ag.
inng and degradation by a standard LIV stabilizey prcle-
age, and Tocrin TPO-L was wsed as the photoinitiacor.
Alter application w MDF panels, UV irradiation was
carried out either with a conventional merougy are
larmp {1517 or with an array of Maorescent lamps, The
eliission spectoum of the latter is shifted o
somewhat longer wavelenghs in comparison

Technology Today

acrylate conversion. Ahematively, calibration can lw
performed directdy o the properies of the LTV-cured
coatings, which are relevant o7 their applicalion pel-
formance provided that they scale linearly with the
changes in the specira, In thig vespect, the strong elfect
af the rrosslink density and consequently, the comwver-
sion el the mechanical properiics of (he tanocompos-
ite coatings, was studied in more detail. Coatngs with a
thickness of 30 m were applied o glass plages and -
radiated with various UV doses, Subsequemly, the con-
version in the [ayers was determined by NIR spec-
troscepy, and their sartens hardness was measured
using a microhardness tester [Tischerscope H100(! with
Viclers indentor),

Figite & shows the comelation between the hardness
of the coating and the acrvlate conversion, [t is obviouy
that the microhardness responds extremely sensitively,
even 1o small chianges of the canversion, An mcrease of
the conversion by ondy 8% leads ro an increase of the
microhardness by about 13%. This sirong dependence
iy due Lo the specitic characteristics of the crosslinking
process in highly crosslinked polvmer networks where a
few more crowslinks lead to a marked effect on the net-
work density and, thus, on the mechanical properlies.
Moreovern, in the conversion range above 0%, the mi-
crofardness was found to be swiclhy linear 1o the con-
version. Therelore, it could be used as an independent
reference method for the calibration of the NIR meas-
uraments, whicl allows the in-line prediclion of the
hardness of a coating directly lrom the NIR spectram,

Frocess Controf of the UV Curing of Pressire
Sensitive Adhesives

LVoourable acrylic hot-melts to be used as pressure
sensitive adhesives. (P8A) are stll a rather new develop-
ment in UV curing technology. @ The rilo of cohesion
atd adhesion in these sysiemns cin be varied widely o

wr that of the meronry lamyp, which is advanta-  Figure 9—In-line monftoring of the convarsion in a 300 g/m® coating of an acrlic

geous for the curing of UV stabilized coatings. hot-mell. adhesive on PP fape after UV iradiation at 308 nm at varfous line speeds.

NTE spectma were taken in-line just atier TTY [~ 10

radiation. The rale of specira recording was in- —\

creased to nine speclra per second in order (o a6 - M

prewvide encugh specta per panel, Flgure ¢ - E i

codmpares e efficiencies of the wo differeny g gdf £

UV sources 1o cure the applied acrylate forou- g 5 £

Lation. The resulls clearly demonstrate that the £ 45 E

cosl-effective fluorescent lamps (which ane 5

normally used (or skin anuing) could be ef- a0 -

feciively used to crosslink such coatings de-

spite their much Jower iradinmce. o L _ . _ _
The spectral variation in the NIR spectra I 50 100 130 20K

does not necessarily need 1o be related tor the

www coatingstech.org
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Figure 16—In-lirne nonitering of the conversion in a 400 ¢/m” coating of an acrylic
hol-mell adhesive on PP Lape after UY irradiation al 308 nim with variable frradiance

al a constant line speed af 3 m/min.

is tound when the imadiation is carried out
undler niiregen. The unusually losr influenos
ol inerdzation might be due 1o the extremely
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only bw the composition of the hot melt formulation
but also by conwersicn which is achieved during UV ir-
radiation, Accordingly, the adhesive properties of hao-
mell layers, Le, Lheir peel steengih and shear swength,
were found to respond extrenely sensitively even to
minor changes of the conversion, which, in um,
siongly depends an the applied 1Y dose ™ in particu-
lar, this applies to the peal strength. W order io avoid
tor high o too low conversion, which affects the adhe-
sive properlies adversely, an exact and conlinuous con-
tred of the UY curing process is requived. Similar to
comventtomal coatings, such as those described previ-
ously, NI reflection specleoscapy also oflers a unigue
possibility to monitor the actual conversion in acrviate-
hased adhesives. The overtone of the acrvlic double
bonds likewize appears at 1620 nm as in liguid acylate
monomers and aligomers,

Figneres 9 amd 10 show two examples of the in-line
monitering of the conversion in acrylic adhesives after
LIV cuning at various web speeds and with various 1TV
inlengities, respectively, Thue to the very high thickness
af the layers, specira wilh excellenl cepreoducibilicy were
recorded which results in minor scattering of the con-
version data. B oean be clearly seen that changes of the
irradiation dose due to a variation of Lhe line speed or
the immadiance lead 1o changes of the conversion.

Moreover, (he influence of the inertization of the -
radiation zone with nitrogen was siudied {see Ligue
107, Turging was found 10 have a minor but neverthe-
less deteciable effect an the conversion ol the aerylic
double bonds, which cleary demonstrates the sensitiv-
ity of the NTR miethad. Alter turming off the purge gas
after aboul 90 sec. a slight decrease of the degree of
cure is observed. Turthennore, if the conversion levels
al sirmlar teeadiance helore and affer swiwch-oll of te
UV lamp are compared, a somewhat higler conversion

34 Aunust 2004

high thickness of the adhesive lavers in com-
parison with conventional acrylate coatings.
This limels the penetration of atmeosppheric
oxygen inro the deeper lving layers and im-
pedes the replenishiment of the exhausted

| oxXyaen.

The response of the conversion o any
changes of the reaclion conditions, in partic-
ular after changes of the power of the UV
lamy, seems W e guile slow. However, (o
contrast to the behavior ol e mercury arc
lamp menticned above, the exdmer lamp re-
spomds mnch faser to contmol commantds,
e, the delay of the conversion iz nol due 1o
the inhevent propertics of the lamp, In fact,
it iy o comseguence of the low line speeds

andl the lengthvadse installation of the excimer Tamp be-
ing about 40 cm in length that together lead to rather
long passage time through the lamp, This Jong immadia-
tion (me iz necessary [oc achieving sallicient crosslink-
ing of the adhesive layers.

CONCLUSIONS

liy this study, it was demaonsiraled that X1R rellection
spectroscopy can be effectively used for in-line moni-
tomng of the comversion of donble bonds in thin aoy-
late voatings aler UY and LB irradiation. [n 3 number
of pilot-scale inwestigations, the degrec of cure was de-
termined in clear and pigmented coatings as well as in
manacomposites on the basis ol (meth Jacrlales. 1L was
shown that reasonable conversion data can be recorded
even af ling speeds ol al least TH) mfmin. Furthermone,
NI relleclion spectroscopy has been proven o be wse-
tul for monitoring of the conversion in layers from hot-
melt acdhesives, which s cnactal for an eficent control
ol their adhesive properties. Thus, for the [irst time,
there is an analytical method available which can be re-
liakly applied lor process and gualivy contrel in techoi-
cal curing processes.

Somme preliminary investigations were also cartied
out with cationic systems. The wvertone band in vinyl
elhers is shifted 1o about 1612 nm, whereas cpdoali-
phatic cpoxics (in contrast to ghycidyl ethers) unforu-
nately do nat show a specilic overtone ar combinalion
band in the near-intrared spectirum which could be
used for the monitoring of their conversion.
Cunsequently, only the conversion of the vinyl ether
component in cationic fonmulations can be detenmined
by NI speciroscopy. Resulls of these Murther Tnvesiga-
Lions will be reported in a future publication.
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