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A commemiia] micmwweare oven has beem modifiad for laborateyy apphicaisass. e medificabags

inclue the liing of the cavidy with polynoppidese, the use of a pokjmoppideac twnbhle,
incompoatition of inket and outlet portts, and the use of am extraction system to purge the QRIS

cavitty.

1. INTRODUTTION

Affeer a lomg histmyy of micioveves processing in indus-
tryy and the use of micnoweaee ovens in the home,; the first
repoitt on a chemicall labonzttoyy applizetioon using mise-
waves appeared im 1974, when a microvwawe oven was used
to dry small samples,’ Thits was followessi by a pulblécaition
concemiing mictwwave sample dissolwiéan using mimsreal
acids (digestitm).).” Since then the numther of repomts on
labomtoyy sample prepamatoon and other uses, such as for
orgami: and orgamemetiditic synitiesis, has growm tremeem-
dously.f7 Earliar wortk was carried out in commmmiitl ov-

ens designed for kitttleen use witth few or no modifficaidass .

and several stortcomiines were apparent. Thits led to mmany
investijgeidons int® the developmant of suitable equipmant
to camy out the chemistyy safely and efficiently. The first
commeEnidhl micowesve moistiiree analyzer oven beecame
availatiite in 1981 and @m oven for sumple digestion in 1985.
Tontay there are several manufactoreess of laboratoy ovens.
Specially designed micmovesee transpRent pressurs vessels
for sample digestiom are also availizble from several suppli-
ers, The cost of these labomrateyy ovens is relativedly high
and many labomitoides are using domestiic ovens. Perhaps
the most impmtiant profiilsm in using these in laboratonées
is the high degree of cormasiton when using minezal acids
thatt can lead to mudfunciioon of the units, excessive miiste-
wave leakages, and electritcal finss. Fumteenmorse, when
workigg with volatide orgamic solvents, vapors ean be
sucked back in the power supply compattmeant wikere tie
occuresee of a syrnk couldl also lead to @ dangerous siti-
atiam. .

In this reportt, the modiftcaitions to a commensisdl mi-
cromae oven to make it safe for laborateyy applizaidans
are described.

il. MICRONMANE OVEN

Affeer inwestiggiiigg the suitabillity of several availaite
microovexee ovens for the modifozdioon, the SHARP modist
R-OM%50 INERRAER oven was chosen, Tiits oven was
selected for the follwiingg charastridsigss: robust eonstiise-
tiom and stainkess sttd| canity; relatiet)y langs cavity size to
accommuzidite the liming (see below)) and a widle variety of
availaiile pressure vessels; effiicient coolling of the magne-
transs and adieguate averheat profestionn; easy progranmiigs
of several heatig steps (powmatiitie)e); and the excellemt
power contob! that is availbtte thaough the use of twe
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500-W magnetmames (tsita! availabile power of 1 kW) and a
state-oftthesart INEBRIER cinquit that allowes pewer ley-
els to be adjusted in 109 increments. The desired power is
set in watts and is confiinieous at the difierant levels as
compaeatl to pulsed operafin of the magnetian in mest.
ovens. In this system, only one of the magnetrons is used
for power settings of lessthan 500 W and the power deli-
ered by this magnetzom is contonbed by the imverter eirant-
For langsr power settimgs, the latiar is eontisided and the
second magmetoon operates at full power. The sufput
power calibreaionn of the evem ikshown in Fig: 1. Exesllant
linsar and reprswlisihle ealibeaidan is obtained for 1- and
2-1 water loads. The advantags of this system for labore-
tony applicatians, where small loads are normally used; is
that lomer power levels can be ussst witieh minmiess the
amountt of reflected powsr reaching the magnetiusms.

Resukts obtainad for the heating of small velumes of
water at diffexent power levels is shewm in Fig- 2. A
dummnyy load of 100 mi of water was placed in the eavity
duiing the tests and the pesitinns of the test loads were
kept as constant as possible. The apparemt absorpiien ef
power for the differemt loads (rapreenikle to within a few
percend)) illsstassss the “amtemaa” effeet that is related to
the shape amd size off thre obbfsdt In relatim to the elestre-
magnetic field in the caviky. Adieauate heating rates are
achieved for small loads of water, minaza! acigs of rela-
tinsily low boiling peimts, and polar orgamic solvents. Be-
cause of small volumss of solvents normally used in kabe-
ratoy applizaiopns. a dummy lead (- 100 ml water) is
nommsally inglhutderd. Tihe latter is not foumd to affest the
reprstibaiibiility of heating of the samples.

1.1 MODIFEPATUANS

- Tiee oven as pumstasad is fitied with grill, eonvesiinn.
and rotisseriic facilidss. These compomants were remonad
and their electriicd! conmestions termiipased. The eavidy
lamp was removed. The standandl tusnidhle mekar was re-
placed with a stronger geared moter eapabie of tuining a
load of 8 kg at 5 mpm. Te accommnsiate the larger metar
the legs of the cyrsnvigseeraisied by OLoamA RULREMBYYRIR
limimg (10 mm thisdy) was fitted inside the eavily with an
indemtetl section to aliow the nonmal flow of aif frgm the
cooliing of tthe magpeirons to the ail astillet seetion (Fiig- 3).
The fromt of the lining was sealed to the eaviky with sili-
cone compeumt! and the staimless steel front of the eavidy
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FiG:. 1. Output power calibwation.
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Fiist. 2. (a) Temperatiee inorease flr 2ssinnadiation of water loads. ((b)
Caloutatetl power absorbed for 20-s imaaliiidon of water loads at JBD WA
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FiGi. 3. Polypmsypyéere linintg of the czevitty. The mountiing of the gastitoe
in fromt of the air inlet port is visible at the ek of the cawity.

was tresttss]l witth several layers off IPIFE coatimgss (Nri488,
A. W. Cherstentoon Co., USA)).

T stainlkess-steel ports (413 mmm id.,, 130 mm loag)
were fitted to the ity (visitide in Fig. 4) by bolted doublz
flanges. One =it tte baakkobfthbecavitifyserves asan adir inlkit
and one on the lhs aastive cutfet. Tie poits are lined with
polypoppidene and provide a complktdyy plastic connection
betwreen the lining and the extractiom system (see below)).
Thiss design was umetito affier afree-flow system, thus pre-
ventimg changes off the vebloitty and avoiding condensatiion,
as often oocurs with perfonateet portis. A filisr is fitrdi to the
air inlett port. The extmactioon system is conmecied to the
outlst port thumggh a flexible 32-mmm PVC hose. The ex-
tragtidon system comprises a highspeed fan and aparstes by
a ventuni effect (Fig. 5). Thus no comamiiec fumes can
reach the motmfdfan. This system proviitdss a high exttae-
tion rate of greater tham five cavity volumee changes per
minutée and is complleiely demounteitide for cleanitg. The
outist of the extractioon system is routiedl outsiiike the labo-
ratogy or to a labomttoyy fume hood.

FIG. 4, Imktt port and filter at the tadk of the oven andl the outliet poit
connected to the extractiom system. The small port is also wisible on the
side of the avemn.
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FIGS. 5. The extraction system. The ventwr nozzle sestion ean be discon-
nected from the larger tube contaiming the lectric meter for eleaning.

A small staimksss steel port (158 mm id., 80 mm
lomp) limeal witth polypoppideae was fitted for using fiber
oplitc tempenmttinee measurement devicss, pressure lines, for
flushiing gases thmugh the cavity, or for special extrasigpn
pumgosses. The simndard turméssbde was replassd by a1 155mm
thizkk polypoppidiene one fitted with wiheels. Thits tusns on
the polymoynidase botttam of the caxity lining. The mass off
the relatiretly heavy pressure vessdistherefore does not rest
on the gearbox of the motor.

The standanti lamp was ineffsciiee thouigh the thitgk
polypopplelene liming. A small fluorsssemt lamp as is usssh
for caravam lighttigg (130 mm lomg) was wsed| instiead. Di-
rect iomizzdidon of the gas in the lamp is achieved even ak
low powens. Thee profitim of using such tulbss is that they
" get very hot, especially at the metal caps, and eracking of
the glass amours. Thiss profitlem was diealt with by inserting
the two ends of tine thibe iinstadirkssssteed| tules and e5pOs-
ing only about 30 mm of the tube’s center pomfépn and
placing thits in fromt of the inlet port where the flow of air
keeps the tulbe cool. Thiis device is simpile and offers a
brigght lightt and can beinserted whem visuall observatiton is
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By means oficurient sensing reuiiyy in the ssiraction
fan metor and arelay Dlreed i theoBeRR PPBRRIABIL Hns,
the operaion of the even is Ret pessible withent proper
funaisenige of the extraciinn system. This precattiion was
deemed neeessry for eem,mtq@e profsation iR laboratnyy
applicatdans.

1V BISGUSSINN

The modified aven was tested for micravsye leakages:
Levels were below the 1 mWéem” , 3pecified gy #sgféiéﬁ
for pew equipment { <3 mWrism® i Bse):
pylene lining struathee shewed slight Héfeﬁﬁ%ﬁidﬁ“ aﬁ&r
several weeks of infemsine use, but the bagic shape and
fumatinn was net affeted: The stractian system Was fourd
to proviiste sufficiant flow to deal with acid fumss released
from venting vakves of pressure vesss and bilies off Sf
orgamies- No eondensatinn was neted Wikn tﬁ'@ cayi
in the extraction system. The system has bsesh ﬂ}ﬁy
instadter in our laboratRgy for ever a year and Ras beeh
used extensinaly for sample @@egﬁew using a wids rangs of
pressure vessels andl minszal acids, for diyine of samplss;
and for reastivaion of silice gel aRd molechlar Sieve com:
taining orgamic selvents:
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