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Samples of zinc siag has bown characterised from T — 12 GHz;

The characteristics sqow tnat there are bwo weak resonarce peaks
discoverad avar tha i e Eang.

There is insignificant lemperature efiect cn the loss facior as the sample

temperature is raised 4o 200 °C
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MICROYAVE LOARACTERISATION OF ZINC SLAG

Introduction

Recovering zinc fror, Si@as is an nleresting apehcation of microwsve encrgy
I waste minimization an4 metal racovery.

The first phase of this work Ams at characterising the microwsava properiies
af 2ine slag to see how the matensf wil resporic o microwayvea energy at
Cifferent frequericiasg,

Itis a'so of special interes: i coiaining the theoretical emaunt of microwava
energy which s required 4o heat zine siag to 550 °C far Industial scale
operalions.

Material and Methods

Samples of zing slag wene provided, They were beliaved to contain a hiah
epropadion of zine andg | smalier groporion of legd. But the two matalic
Components were ins eparabie in the “as receivad’ slate.

E. Physicsl arti
The specific density (g/ema) and ine specific heat (°Crg) of the zing siag wera
defermined ACCording to standard |a Boratory procedures,

C. Microwave propertios

The microwave Properues of zing siag powder was determined Using a
specially designed Frobe o be used with an Automatic Network Analyser
TANAL The ANA is calibratec for measurements at each sat fraquency. The
quantity measured is the reflectad scatterng parameter from the sampia,
which is then used, in 3 spedialy witten program o compute the dielectic
oroperies at each freguency, The rEquencies used ranged fram 1000 MHz ta

12000 MKz

d. Maration WI-[?I_!_E_':'I",__.E‘_E%‘[I__J[_E‘_
Each samgple of matera: was Flaced in 2 cavity of meia'ic hegt block, is
temperature was sawly ralsed. The dielactne properies were measured at
two frequencies: 872 Mz ana 2450 Mbz The temperatura of the heat block

Was raised to 200 "C and was conies 1o ambient temparature,

T



1. Resulls

2. Microwave Tiglacine Sropaling

Over the frequency renge fom 1 (3Hz o0 12 GHz the average disfectrc
constant and he averags diglactqic loss facior do not dizplay any sharp
resgnances with wequancy (Fig, 1/ and summarised in Tabla 1). There are
some Auctuations in the disiectric constant, which mzy be due to the size of
she parlicle baing coarse. The loss factor rises wilh fraquency to display weak
peaks at 5 GHz and 85Kz,

b, Pengtration depth

The penetralion depth (mm) iz plottad i Fig.2.

Tre cepth (mm) of 103 mm s posstbie at the lower frequency end of the
spectium. Bigger depth is pussible with muliple sources using

Cr. V.M. Tran's proven paten:.

C. Resonznt affect
There are two weak resonance pesks at 5 GHz and B3Hz, They have no
practical significance (Fig. 11

d. Rale cf power ghsorption

Fig.3 shews the rate of power absorption with fraquency. The power
absorplion increases with frequensy. For shallow penetration depth, the
higher frequency has the acvantage in a higher rate of absorption, hence a
faster temperature rfise, hencs a faster processing. But the volume is smaller,

g. Temperatura effert

The termperature effect up to 200 “C was investigated at 822 MHz and 2450
MHz. The results sre plotted in Fig.4 and Fig.5. Scme interesting results were
abserved at 922 MHz. The dielectic canstant reduces with temperature while
the loss factor shows a clear peax 3¢ 190 °C. The consequence for the former
effect iz esfimated 1o be a bwefold increass in penetration death with
temperature. The significance of Lhe iatter may be residing on some phase
change or release of valatile 2t 100 70,

ALZ2450 MHz, the dielectnc constant seems to rise a Ttle whila the [oss factar
remains faity constant with a stight dip at 150 °C. The cause for the former
may be dua to some chemical change, which Increases the slacts
Folarisation and herce reduces the penetration degth, The dip in the latter
may be due to scme chemical change, which srevents the motecutes from
maving freely with (ke microweves,




d. Microwave Power Eslimale

4.1 Erergy and pover segure nent

From the physical and mHcrowave propertes of Zing slag, the energy of powsar
requirements are calculates

Tne energy required 1o raise ane lonne af z2ins slag from the armbient
temperaturs of 20 °C ta 850 U2 in ane hour is 424 K Or approximataty

500 KW. The power requiremant is for any frecu ency. The cost per Watt 2t
D22 MHz s presently the chezpest,

4.2 Temperature rate rize

The temperature rate rise for zine 5i8g Is shown in Table 1. At 12000 MH2Z the
rate is 0,11 “Crsec and at 92% MMz is 0.02 "Clsec. whije 2! 2450 MYz s

0.02 °Crsec.

4.3 Microwave generator cost

AL 2450 MHz, the: cost per kv is 5 3, L00; at 922 MHz the cost per KW is
$ 4,000,

The cost for generators to heat up ane tonne of zine slag to 950 °C st o722
MHz is 500 kW x dKS =820 M

If the initial temperaiure is 200 7C, the power requirement is about 350 kKW at
4n approximately cost of $ 1.4 M.

4.4 Microwave generator at diferent throughput's:

aj S kgthr, 3 kW generator: £ 120,000

bl 50 kghr 30 KW genertion § 400,000

€l SO0 kg/hr 175 kv generator: £ 200,000
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Programme Stage 3. Microwave-stimufated at 245 MEz. Llse standard fluidising
peessures and mucrcwave power to "temperatune” relationships.

Time (mis) H30"C L 250°C 1000
T E A E L% o
B. = +Ox E § & H
a. x + 26w 1 I K L
1o, % b 30K M A Q g

Where AP (HSlag+ C, 1n N,
(ify Slag + C, in 207 COMN,
(i) Slag, tn 209 COM,

Mote that “Tume end point” should lie between @ and 10 .
Opticns D, H. L and P (at 1000°C) may not be needed. Also, other options may be cancelled.

Poasih e experimental runs st temperatures below 8507 should instfirte a Stage 4 programme
and are net propesed here



Wiork Program

Tha wark grograrm of this contract refers (o the ficst stage of a threa-stage program
discussed at a mastitg bebwesn CSIRO and Tesla on 23" Celober 2000 The
omjechive aof the ovarall crogram is the recavery of zinc from a biast fumace slag,

This Frat stage s conca—ad wilh determining the fludizaticn charactanstics af tha
slag partices over a ranga of possicle opsrating teamparatures, fluidizing gas
comprnstions and additien of a sohd reductant.  Parcularny of is importast o
daeter=ima whathar any sticky phaseas develon i the osd which could result in
operadonal proolems

The praararm (5 daefined as fallows:

1 Cetermine the partic’e sizs distrioution of @ repraseniaive samola of the slag
maatanal sugphed %y Tesla (Tesla is 1o provide approxmataly 50 <g of slag
matanal, scraenec o 800 urm, and w Il be aspansible ‘or any costs associaled
with the returm of samples. mataral accumulatad during commissioning and any
urusad fead )

2. Dwlermine the apparan particle density and bulk density of the slag sampls.

3. Ditarmine the minimum fAuidizing velocity of the slag sampla in air at ambiant
cenditions

4. Conduct 8 Hazop/Hazid study of the propesed experimentation and complets s
Hiralth, Safaty & Environmen! Assasament of the praposed work bafora any
ax parimantation proceads

5. Modify and reconfigure an axisting bubhbting fluidizec bad raactor rig to maat tha
reguirements of this stage of the werk program. Tha fluidized bed vessel is
5 mim |0 expanding to 100 mm at the frestoard and is mountad i~ a gas-fired
firabox

. C3IRG will provide brown ceal char (Auschar) and determine by ambiant
condibon fluidization tasts the char particle size which mixes wsll with the much
dernser slag rmaterial. A bulk char sample will then be prepared by crushing and
scraaning for use in tre ot fluidization tnals,

7. Swilect a suparficial gas velacity, at oparating conditions, which will e suitabla for
a mixed ped of slag and char paricias (10 with)

8 Canduct twalva Ffuidizaton tests of up lo 30 minutes duration sach on
aptproximately Q.35 kg portions of the slag sample as describad in tha following

Tinizle.
| Bed Matariat | Fluidizing Gas Hed Temparaiure [°C
Senes 1| Slag M : 800°, B50° and 1000° |
Series 2 Slagg and srushad char Py 00, B50* and 1000
' Serias 3 | Slag and crushed char | 20 val®% GO in N; | 900°, 850 and 000
_Serss 4 | Slag &0 val®% CG NN, | 9007, 850° and 10CG*

Cunng these parsmatnic tests the fuidized bed ten-perature and diferantal
Frassure across the bed will ba continuousiy monilered ta try to identify any
agoiomeration and consaguent defluidization of bad paricles,

T Samplas of the final fluidized bad matarial of cach al ke 17 tasts will b ratainad
far amalyl cal 1esting as required by Tasla MNote that any analytical chargas wil be
acdronal dem



Al e Sy Ny 2

HE: DIRECT AS5ISTANCE AT v.12 FOR TESLA SLEALG

e Hugo Bvey of Miceanucs, ieaveled 1o dak uage, UM oo A 29 03 Sepe 1, 2000 1o
assint St Morrow in comduenng and evaluanmig rests of slag macenial from Tesls, The work
ar Tlak Ridgs waz suppocted by a dicect assistanice appheation by Micramics to examine the
MW heating potental ot slag aeovided by Tesla, An anavnis of che data provided by 'Lesha
and pecformed ar Uak Hidge is prosvided Lelow. Reswes of caleulanons on MW heanng ot
st based on prencza phvses are alsa provded. Then estimates of the Yo producton, capieal
coscs and rerurn oo I esrment gee pEiver

An inal heazng rese of — 180 g of siag powder in are ac 245 G Lz to 950 o without
ashiitives produced 2 hroken alermina crucible woch some malten siag smilling our the botrom,
There was a lacge gap in the insulauon {or the 2-eolor optical pyromerer. “L'he crucible outer
wall temperanure was 1aken for the temperature. There was 4 reddish {1ron oxidef) crusty op
remaunang m the coucible, near rhe onginal posidon. There s a hollow cavry in the crucibie
with the cruste top, 'Une meleed slag was gray, The cruciiple peobably broke disrng the
eankng phase, which was 1ust an abrupt turnoir. A clean whire area was seen on the alurmina
Flaertyosard rops comver. Theee mav be small wioe birs on che alumina Gherboard and rhe
crucible sides abave rhe eoust. Not a symificant umaunt of La, i aoy, was collected oo the
alumipa Abetlosed sowes

Several orner sampies were then bired in aiurming gnd 30 eruciidles ae 2,45 Gl Lz in arpon,
nieropren drd sormal air, All the alunena crucibies coacked. [ he chambers were not vacuum
putged when argon ar mitrogen was used. flasma was observed 1 the Ar filled case, D
Huey did not witness the Ar care. The ‘arcing’ was pesiodic and probably coincides with the
mode sarrer rotanon, The mode surree 15 3 three-sided reflectar thae mav cause a sipnificant
peritschic firse pasy heanng. In Ar pas, plisms o cusily penerated by the lower jondzation
purennal. [r1s possible tharc o plasma may e of rthe Zn vapor, The plasma should only
chanyge the resuits as a surtace eifeer. The micrrwaves sall penetrate and hear the slag From
other directuns. Micogen pas was used tereafrer 1o avoid plasma arcs. Lhe results appear
ter L mueree seddish material when just air auns used, A guartz cover plate appears o pick up
muree meral end a hight gravish powder when o nitropen semonsphene o ased.

“Lests witn carsnn addinves 193 nurogen gas wene ceied A small amoane o WARCLITE Weas TIEST
triedd, 1t produced sigruBicancly maoee metailie matenal, but a biack g_'uﬂ':.r rnaterial was also
deposited on the yuarte cover plare {and prabably azound the chamber). Char or chaccoal
was not unedinbels arradabte

sugar {2V gra suctose] was wsedd and o produced the mostc amoune of Zn-ike matenal on the
auarte, A reacson warn rhe quart2 aiso occurred. A sipmuficant amowne of grayvish ash covered
the vnihre viaonlye:

fosample was hessed o the 25 Locee svstem, b at s sirruficantdy slower rare, Only abaour 3.3
e wens weed amed rhe mare ma) eeacned Y00 £ Mo cover maretizl was avatlalidel Trowas heared
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i Phe Tosul wasw reddisi nowder througnour. WMo melanp, no cracked cnioble, Lo
appears that e ol siag reduced to rhis red powder. I wauld be inreresnng o know 1f
chore = any A ojerr 0 s ikeely raar al che 2o 5 ooodiesed 10 a0 Zed) sorm i the redeisly
perweler. L he sample wis bagred in 2 bags, ane eontaning ceddish poweder Siom abour rhe
trp Ve and the 27 mostly eom the nexe 2aoin depeh (s shoae i),

A sample was heated ae 915 Ml i g singie mede traveilng wave configdranen. §bwas nor
able o waroess i, bue Dr, White had cepormed some plastas ooor and a regured 20030 306
MAGTICIEOn Gurput T wet aopur i W absoeoed powrer, 'k he sample siap powdes was placed
in 4 pytex beakor and heated in g WESTS seandard wavepude, Lhe bedler was smadl
compared 2 che czoss secuon of the wavemuide. A aalculadon of the elecrne Acld srrengrh
modent on the sampie @ abour $4 Viem or 163 Woiem2 ar 25 BEW, MNore ar 2.45 GHz
wn'c.ll."gui{h: VRN the equivalent incident prowee dengity {or electrie feld) would L wichd o
toral power of only 3 KW, juit because of the waveguide size ar thar frequency, In o chamber
cavity the caviey Q would inceeusy the elecrne ficld. 5o the high wcident power ar 903 MHz
15 not unugiul The pyrex beaker melred somewhar which i3 also nor unexpecred at 93 O, In
consideration of the wize of the sarmpic compared to the rough estimates of pencttaton
depth, the low couping s not uncxpected, T'o schieve good coupling and heating ar 515
MHz would requice a chamber furnace wath at least a few kilograms of slag powder.

CAalCULATIONS

LJura from Tesin was prowded, Ltincluded analyses of the slag and a micrawave report by
Prosf, Trare oof RMIUT. A digiectne measuremens by T. Whare at (ak Ridige VMusion [Divston
was algo conducted nere. A sepazate cnogue and extended cziculanons dare provided hszan.

Microwave propernes of shag poweder were porformed. The resules of o powder
messurement depends on a number of fzctors, including: powder size, discnbution, Blliag
tactor, hl.mudll‘_,', COMECE Pressure, aﬂ.m]':'.: fmen s10ns frsp:ti:a]l‘j' at low trequency) and
lengeh of inserton and chickness. A solid stab with 2 smeoth sarface tor connuct would have
bern a better measaremenr. Thus beek dicleerdic measuremencs do not agoee, Hoth are
suspect. No agemnpr way made 1o determine the ininnsic propernes based on nuxrure
theords and eelibive dectsaey

For example, Yrum: o= 30, 67 4
wlide White! v’ =T, - LN qE 2 AR 0IH

The vahies are quute ditierene. Recommena measurements with solid stap.cur and polished
o required dimensions for peobe teste and cavity teses, L heir measuzemnents a: the | GHz
eanpe and below are probably nor rhick enough since the penceration deprh may be much
larwer than rhe sample. The acrual besune ot 1 powdered skag will depend somewhart on che
etfecrive dielecrne constane. 1 bimweeve s, 1F rthe amouns of powder 15 ar fease | tonee, then the
Cttesrive demsiry of tre mowder 41 The orom 1 olffosone rrom the trap ?-.'Eujnr:-.lq,-
measuremeants of this sorc would oe necessary ro fAnd a2 relevant empioeal meonge e,

"Ike powder also has sonie magnens birs, A moderate steeageh magner ool prcked up a ony
fracoan of the parncles a7 v'-15. 0o the errecuve average magnene permeabilicy 13 probanly



spyali. 1'Rercy are propshly some ife 31 Frov berromasnenc matesal such as re, My or Co, bue
R wLF L LT WY srral ]l seriad T Toral TTacnon 1 any. 1 W e s cliglectme moasuree
assurnied that the reianve mGrnens ;*r:rrr.t';tl;i.liu.- s 1 (manmagsency, s was poted By D

W hipe, Trvat ot by L, "Eran, Sepazating Fite presmendiiny may ke ditfecull supce the noutonrury
of the magnenc permealikry w probaily oot pond either. An cffeoive diglecrne canstant ard
Lo Facsnr wowid surboe, Note at high enough remperarures. rhe miatecials wall TeacT, possingy
removing the mapnenc permeabiliry. Af tempeatures apove the Cune tempesature, the
remnant ferzomagnene peemeabilicy will ceuse, b weukd think that the chermical reactons
sueh g oxidenon, ailloynmg, €<, sweaild rermove mast of the magnens 3l meabuiry at high

(2 ] I T,

Tempuistue depenedopce om dielectric pmpeni:s are Umpeartant, hevmgwer, Fodsm romperanan
ro 200 C vields a small ruape and guestions ot humidity and powder density well mazk the
measuremients, A [emperanise rangy i large a8 peswstlile would be betres, also with a solid
slap, neT a porscer

e, Tran anst iDr. Whire then caleulare 2 acnceraton deprh. Mo acoral measurement was
mrusicle, Thero @ e agroement 4% l’.'.‘.{'l'.li:li.'fﬁ'd. Bars inbormation 15 nesded hese gspecially ar 1
C3iTe amed boloew,

[¥e, Tran mcorreetiy caloulares the Brewstes angie. He used the logs factor ax the scc e
marerial dielectric conswnt. A measurement would have idenntied the srror. Brewster angie
15 celatively insensitve o dicleeric constant. Such a measurement would have o be
performed carefully to pec a precise digiecrric consrant conArmanon.

L3r ‘bran's power absorption dara appears 1o be caleulared, since it is given foe o wrl
frequency range. Fhus the cemperature rate pven was prabably caleuiared.

Dip ‘Lran provides 4 specific hear capacity of 1,68 i/ G opreabably which would yleld .40
eal/g-C. "L'has walue appears to be mign, based on the weirhred averape value of the
components and my cxpenence with calcularing heanng of ceramics. s 1 2 crincal valug
for hearing, [t may be possible thur phase ransizons ot hermical reactons may have atfected
the speabc heat dererminston. [ supgesr a Difterential Thermal Analysis (1¥TA) ro wlen iy
samme of the varving propertes. [ 2TA can be aceom plished up ro 930 &, thar wonid be
very helpful

o
Hesrime Lo sl

| hwwe pertorfied neating caluwabons e on fest physicst principles. The pumos wt
sucn a calculation provides 4 pasis for esnmanng te MW heanog feasitnliey, ethiciency,
aperatmp ana capiral eosts. L aso reveds several Kev fagrors AffecTing cost.

| sanli esarline the calculunens and then prowade 2 oW INTETESNNG JWSUTs- Thu ample neaing 1
based on an ¢ Fective Near capauty (specitie eatl, Room rempera specitic heat is ollen
mven, [For most mate nals bear capacity will ineroise Mt at high temperaruee Trun's value ot

34
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[riie caloulares heanng pascd on e capieoy, our al oeanng ::Itltlhi'-‘m!t machece heanng ot
insulators, couctbles, sunnosts. phuse ransingns, vhemical reacaens and cachog (Blackbody,
counducton and convecnon). AS esumate of erustbie, insulator size and mass,  and facrors
for heat losses are made, 'L ran pzovides a density of 247 [/ ce peabably;, but ts 18 the sehd
specitic density, Assuming powder 13 less dense, 2 densiry ofF 2 g/fee 15 used 1 eanmare
crucible & insularor sees. An canmare of 6} [ gm of e for hear of sion s made,
assuming all che 15% 7n undergoes this transinon. A mgher vaiae may heve tor waed foc hear
of fusion sincs at 930 acrer crucihile rempersiane, the sl melned nboth the alumina and
S0 erecibies. COrher chemical reacnons ase suspected which may e endothermie and
exothermic, The acmal slag melting fempetatute s said re be ~ 1200 C A gide hole in a [5iC
crucible indicated the slog remperature for one 2,45 GHz test was equai or below the vuter
crucihle remperarure. Theresfrer temperanice was not measured qirectly with the slag ar 2.45
Gliz. A 24 GHz expenmenc with a direct 2-color phrometes an che slag tap at only F1U L,
did not mele, It ia possible ther the infernal siag remperatuse may have increased, while the
outer crust ternperatuse wias iess, Poor thermal conmcr beracen thi slay cust und crucible
may also 1ield a lawer crucible remporature.

ffor B temperatuce of 2302, and an outer inselanon cemp of 275 C (a hede hagh) ace
agsumed, with & water couled chamber reenperarare of 50 C. Lo the case of o Suidized bed,
there iy groarer conveetion loss, but a recizeulating heated airSgaz will help minimize thar
Hear loss is calcuiated ar finai equilibrared temperature for the entite ume penort. Then
convecdon and conducaon s esrimarcd as a mere Factar imes BB loss, Specific theemal
josses requure 4 more detaled design, but the esnmace shouid be ciose.

in any assive induseisl process, there i heat recaprere, Theemal secyehng i3 estimated by a
rop off loss and a number of cycies, For example, W cycies would constst of one hear from
room temperacure and the rest at a 2% top off. e caleulation then s only an avesage. Bur
T an adpast i v handle rke 1185 and 2Fa specifcaliv. A ctizally, we can "proheat’ the imatial
loazed e 5 wante ) WA,

Tine s 4 crucial facrar for rivroughpur and MW sousce power. A | hour wme is used per
+rae by Fram |:r'-"-n :1_|."_: X b 1.’._':_-:_
Actual hearing scheduties sraey ar iow power and camp up. ¥ hus caiculanon sssumes toat tae
heating rate is constane (o aversre), so a bnear ramp would have a pewie power a1 rwice the
average power, A real heatng profile 1 2 ramp o 2 maximum power at abour 1/2 rime, held
forr awhile and decreased to genty rescn the desired temperarare wirk tow overshoorn Lhus a
peak power of aboer B peak is meore accarate o detcrmine MW peald poswer
requircments. A 7T rruetowave souplop efaciency W used,

':".‘l:'F.l;:l_"m_':..' Al depends 0t haw the rucoowave couplos tiv riue T e, i.I:L'LFt'I\JEI]I.E!‘:
marehing, microwrave goneretun, and poeset sunply arnciency, 1 aus cost fuic elocorcud
operaton should inchade these taceors. & ST Linlr s ks -hr 1s used ro calealate the cost ol
slectncity, ‘L hus 12 eastly =oalens fnr other efecrnost cost. Coets (Lix12) fur beae cocirculatian,
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Case A shows heatag foe a sp b of U4 cals g which may be high, Wieh recrrculation ac 16
cycles, the caleulauon 15 an average of the single full hear and 9 wath recirculagon. Case s
{and thereafter) secuces the sn heas 1o 103 cal/ g, Case O shows wnthour heat rearculanon
while Clase 10 assumes high recirealanon to model an individual run wich recicculatgon. The
cructhle and seppores are esnmared so case G reduces the crucibile forad Loy 2000, Case 118 a
wishbul lughly efficient condinon ac low cemperarure. System cosr ar 34,/ was used m
estrmate the MW syutern (soucce znd chamibery, A mesre cxact caleulation would dﬁpﬂﬂd o1t
minl,r cerails 1:11_||_|J_|,r|g i.l_LLJ.I'I:ﬂT‘.I' crder. The cnst pwr HI.HTLI!TL CAT VALY l;'r'.-' as mmueh a8 ¢ Factor
of 2 dfncmﬁng on the opezatonal pacamersss as vared abowve,

COMCLLISIDMS

25 Crd le, n enenine d.:.pmm' was collecsed on aoguearne plate, I mrrogen grad and the
.1_|_|J_.'|_-::|'1 L frar, @ sl e ! atmount ok L.:. sl wnis cotlecred. Lhe JEI}DSH‘ i5 PbeJE'l} Zn
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