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A conventional microwave oven, a &pass rectangular 
microwave applicator coupled to a magnetron opera- 
ting at  2450 MHz and a hot air dryer of standard Benz 
type were used to f iz  disperse dyes on polyester compo- 
nent of apolyester/cotton blend fabric. The use of apo- 
lar chemical additive (urea) was found to be required 
for disperse dye transfer from the cotton mmponent of 
the blend and its f ~ t i o n .  A direct measurement of the 
temperature was not possible. The use of melting cry- 
stals and thermopapers was also not satisfactory due to 
absorption of microwaves by the glue used. Several at- 
tempts were, therefore, made to assess the temperature 
reached by the fabric in the microwave unit. 
1. INTRODUCTION 

In engineering practice, the dielectric constant is 
usually divided into two parts, real and imaginary. The 
imaginary part which is known as the loss factor con- 
trols, along with other parameters such as the electric 
field and frequency, the power that can be dissipated in 
a given material volume. In other words, the loss factor 
controls the rate of rise of temperature for a given po- 
wer dissipation. High frequency electromagnetic 
energy dissipated within the material is converted into 
beat by means of polarization mechanisms involved. 

Even though the larger effective loss factors at  lower 
frequencies (radio frequency-microwave region) may 
seem to be an advantage in high frequency drying and 
heating applications, they might give rise to a thermal 
runaway effect, which can be described as the uncon- 

trolled temperature rise in a material as a result of a po 
sitive slope, + dE/dT, of the E" vs. temperature res 
ponse. A typical qualitative example of a positive slopc 
of E vs. T is shown in Fig.1. After an initial absorptioi 
of high frequency energy, the temperature rise cause! 
theE" to increase, whice inturn results in a furtherinc 
rease and so on. Precautions must be taken to avoic 
this cumulative effect to prevent the material to be pro 
cessed from being damaged. Thermal runaway has be 
en a major andlimitingfactor in thawingfrozen materi 
als and in high frequency heating processes of textill 
materials, which require temperature control to wit 
hin a very small range because overheating may taus 
damage or even the melting of the material, on the ot 
her hand, under heating will result in insufficient an( 
incomplete processing. There is no available method is 
the literature up to now to measure the temperature o 
a material bcing processed in a microwave heatinl 
unit. Several attempts were made in this study to 6l 
this gap. 

I 
Figure I .  Qualitative Representation of Critical Temperature 
Sekil 1.Kritik s~eakl~pm kalitatif glisterhi 

2. EXPERIMENTAL 
2.1. Material 

In this study, a mercerized, bleached, 121 g/m 
50/50 polyester/cotton blend fabric was used. 
2.2. Standart Dye Liquor 

Disperse dye (Celliton Orange GR, BASF) 20 g/l 
Wetting agent (Siligen TX, BASF) 3ml/l 
Acetic acid (30 %) 1 ml/l 
Oxidizing agent (Matexil PA-L, ICI) 20 ml/l 
Urea 200 g P  

2.3. Equipment 
A low add-on unit, Triatex MA Machine, was usel 

to apply chemicals on the fabric and the percentag 
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3-gefigli dikd6rtgen bir mikro-dal- 
ga uygulayzmsz (2450 MHz'Ade cak- 
#an bir magnetruna b@lanmz~) ve 
standard Benz tipinde bir szcak ha- 
va kurutucusupolyester/pamuk ka- 
npmz kumqlannpolyester kompo- 
nenti iizerine dispers boya fiksqjz 
igin kullanzldz.Kan,%mm pamuk 
komponentinden dispers boyanzn 
tmnsferi ve fiksajz igin polar bir 
kimyasalmaddenin lure) kullanzmz- 
nm gerekli oldugu gosterildiMik- 
ro-dalga iinitesinden gepx kuma- 
gm szcaklz&nw direk olfiimii mum- 
kiin degildi,bunun ifin pgitli yon- 
temlere bquuruldu.Erime kristalle- 
ri ve tem-kagztlann kullanzmz 
bunlan kuma.p yapz~tzrmak ifin 
kullanzlan maddelerin belirli mik- 
tarda mikm-dalga absorbe etmesi 
nedeniyle tatmin edici degildi. 
1.GiRiY 

Muhendislik pratiginde dielek- 
trik sabiti gerpk ve izati (imagi- 
nu& olmak iizere iki lusma awl-  
rnakta&r.Kaylp faktorii olarak bili- 
nen izati lusim frekans ve elektrik 
alam gibi digerparametrelerle bera- 
ber verilen bir materyal hacmi idn 
gerekli giicii kontrol eder.Diger bir 
deyi~le kaylp faktorii verilen bir 
gii~sariiyab idn s ~ c a k h k a ~ Q  o m -  
m belirler.Materyal iserisinde har- 
canan yiiksek frekans elektroman- 
yetik ene rji pgitli yaylnlarda belir- 
tildigigibipolarizasyonmekanizma- 
Ian vasitasiyla is1 gekline doniiflr 
(1-3). 

Diigiik frekanslarda (radyo-fre- 
kans, mikro-dalga band0 yiiksek 

* V. Tekstil Sempozyumu'nda sunulmuatur. 

kaylp faktoru Isitma igleminde bir 
avantaj gibi gorulse de; materyalde- 
ki s~cakhk artqiniu cok iyi kontrol 
edilmesi gereklidir,qunki gekil l'de 
giiriildiigii gibi kaylp faktijrii-sicak- 
hkegrisi de"/dT pozitif bir egime sa- 
hiptir. 

Sekilden goriildugii gibi yiiksek 
frekans ene jisinin ilk kademedeki 
absorpsiyonundan sonra sicaklik 
yiikselmesi kayp faktoriinun de 
son derece artmasma yo1 awcak- 
lx.Is~blmakta olan materyalin za- 
rar gormesini onlemek icin ~egitli 
tedbirler almak gereklidir.Kayp 
faktiiriinun bu agin ahgi  tekstil 
materyallerininve dondurulmug g.1- 
da maddelerinin yiiksek frekans 
lsztma iglemlerinde qok onemli bir 
simrlayla bir faktordur.Halbuki 
bir iglemler cok iyi bir sicakbk kon- 
trolu gerektirmektedir,cunku agin 
Isitma materyalin zarar gormesine, 
diger yandan yetersiz isitma prose- 
sin tamamlanmamasina neden ola- 
cakbr.Bugiine kadar mikro-dalga 
uygulaylalmnda iglenen materya- 
lin sicaklgm tesbit etmek i@n her- 
hangi bir yontem geligtinlmemig- 
tir.Bu ~agimada bu eksigi gidermek 
idn ~ e ~ i t l i  yaklagimlarda bulunul- 
mugtur. 
2.DENEYSEL 
2.l.Materyal 

Agarthug, merserize edilmig, 
50150 polyester/pamuk kangirm, 
121 g/m2 bir kumag kullanilm~gbr. 
2.2.Standard Baya Cozeltisi 
Dispers boya (Celliton Orange 
GR,BASF) 20 g/l 
Islaba (Siligen TKBASF) 3 ml/l 

Asetik asit (% 30) 1 ml/l 
Oksidasyon maddesi (Matexil 
PA-L,ICI) 20 ml/l 
Ure 200 g P  

2.3.Ekipman 
Kimyasalmaddelerinkumqauy- 

gulanmasi iqin az miktarda flotte al- 
dirma (Low add-on) cihazi olan Tri- 
atex MA makinas1 kullanildl ve ah- 
nan flotte miktan (% pick-up) % 
40'ta sabit tutuldu.Daha sonra bo- 
yarmaddenin fiksajl standard tipte 
bir Benz sicak hava kurutucusu ve 
Sekil2'de gosterildigi gibi bir jene- 
ratijr (magnetron), izolat'or,dalga-k- 
lavuzu,debi olqer ve bir piston ice- 
ren bir mikro-dalgaisitmaiinitesin- 
de ger~eklegtirilmigtir. 
2.4.Teknikler 

Numuneler fiksajdan once ve 
sonra oda sicakl$nda bir saat % 
80'lii dimetil-formamid (DMF)$o- 
zeltisinde biralulmig ve daha sonra 
daha fazla boya ekstrakte ediime- 
yinceye kadar bu ~ozelti ile muame- 
le edilmigtir.Optik densite ol@nle- 
ri bir Philips PU 8700/visible spek- 
trofotometre kullaniarak yapllmig- 
br.Fiksajdan ekstrakte edilen sozel- 
tinin optik densitesinin afir fikyaja 
kargilik geld@ kabul edilerek: 

%F=(1-ODt/ODo)x100 
ODt fikse edilmig numunenin 

ekstraksiyonu ile elde edilen cozelti- 
nin,ODoisefiksajdan onceki cozelti- 
nin optik densitesidir. 
3.SONUCLAR VE TARTISMA 
3.1.Dispers Boya F iksa j~  

Yapilan ilk denemelerde Triatex 
MA makinasinda %40 boyarmadde 
flottesi aplike edilen kumq mik- 



pick-up was kept constant at 40 %. Then dye fixation 
was carried out in a standard type Benz hot air dryer 
and also in a microwave heating unit shown in Fig. 2, 
comprising a magnetron, an isolator, a waveguide, a 
water flow metre and a plunger. 
2.4. Techniques 

Samples, before and after fixation, were immersed 
in 80 % dimethylformamide solution at room tempera- 
ture for one hour and then were treated with this solu- 
tion until no more dye has been extracted. A Philips 
PU 8700/visible spectrophotometre was used for opti- 
cal density measurements. The density of the solution 
extracted before 6xation was assumed to be zero and: 
%F= [l-(ODt/ODo)xlOO] 

Where, ODt is the optical denstiy of the sample fixed 
and ODo is that of the one before fixation. 
3. RESULTS AND DISCUSSION 
3.1. Disperse Dye Fixation 

In the preliminary experiments, before the fabric 
containing 40 % dye solution applied on the MA machi- 
ne was rnn through the microwave unit, first melting 
crystals then thermopapen were stuck on it; but it was 
seen that the glue used with them absorbed microwave 
energy leading to incorrect results. Therefore it was 
not possible to have a direct measurement method of 
the fabric passingthrough the heating unit. 

Without additives, the fabric was unlikely to reaeh a 
temperature of more than lWC, therefore a polar che- 
mical additive (urea) in the dye liquor was used to ra- 
ise the fabric temperature to the required level. The 
inclusion of urea not only increases the final tempera- 
ture of the system, but also reduces the time required 
to reach that temperature. The increases in dye fixati- 
on when ureawas used can be explained: 

-Urea has a strong polarity and hence it absorbs sig- 
nificant amounts of microwave energy. The rise in tem- 
perature of the fabric containing urea was much faster. 

-Urea is a good solvent for many dyestuffs contai- 
ning amino, carboxyl, nitro, phenolic or similar gro- 
ups, effectingthe dye diffusion into the fibres. Urea inc- 
reased the diffusion of dye by increasing its solubility, 
by breakingup the clusters and also hydrogen bonding 
of water molecules, by breaking up any aggregation of 
the dye particles. 

-Urea holds water molecules strongly which slows 
down evaporation of water at the end of dyeing, thus al- 
lows more time for the dyeing process. In turn, water 
plays an important role in keeping urea in solution, in 
addition to its microwaveabsorption and plasticising ef- 
fect on the polyester fibres. 

-Solid urea (crystals) absorb little or no microwave 
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energy.Complately dry fabrics containing urea were 
left stationary for 1 min.in the microwave unit after 
which it was observed that the fabrics were not heated 
at all ponmaz, 19841. As water evaporates the concen- 
tration of urea increases,this means that molecules are 
in a more packed state in the solution.Deposition of 
urea crysals is likely to occur when the concentration 
of urea exceeds the solubility 1evel.A~ microwave hea- 
ting is a result of molecular agitation and friction,the 
mobility of the urea molecules,above the solubility le- 
ve1,may be restricted which reduces absorption of the 
microwave power 
3.2. Assessment of the Fabric Temperature Pas- 
sing Through The Microwave Unit By Compari- 
son 

An initial approach was made by comparing disper- 
se dye fixation on the blend fabrics by conventional 
and by microwave heating. The material takes time to 
reach the processing temperature in the conventional 
heating methods. In order to take this factor into acco- 
unt, baking time was kept higher than the eposure ti- 
me to microwaves. Three polyester/cotton blend fab- 
rics treated with the standard dye solution containing 
200 g/l were predried to prevent water condansation 
and the moisture content of the fabric was reduced 
from 40 %to  about 15 %. Then they were thermoked 
in the Benz hot air drier for 30 see. At 180, 210, and 
230°C and in the microwave unit at the power of 1.5 
Kw for different exposure times. F i t i o n  of Celliton 
Orange GR by conventional and microwave heating 
are compared in Table 1. 

Table 1. Dye fmtion by baking and microwave heating. 
Tablo I .  Konvensiyonel ve Mikrodalga Is~tmas~yla B o p  Fiksasyo- 
nu 

Conventional Heating Microwave Heating 
Konuansiyonel Isatma Mikrodalga Isrtma 
Tem~crature I Fixation Exoosure 1 Fixation 
~acaktk  Fiksaj i ~ l e m  Siir. Fihsaj 

PC) (90) (See.) (%) 
180 67 15 73 
210 74 20 80 
230 82 25 85 

Uneven heating across the fabric width due to stan- 
ding waves was abserved in the experiments reported, 
though not obvious at low exposure times, revealed by 
shrinkage and even melting. Standing waves always 
exist along the waveguide, no matter what the treab 
ment time is, even though its effect is less obvious at  
high fabric speeds, i.e. low exposure times, under the 
conditions used. Heating uniformity was not satisfac- 
tory and some parts of the fabric showing higher per- 

ro-dalga iinitesinden gebrilmeden 
once iizerine once erime kristalleri 
ve daha sonrada termo-kaatlar ya- 
p~gbnldi&;ancakkristallerin ve ter- 
mo-ka&lann kumaga yap~flnlma- 
e m  @layan kimyasal maddelerin 
de mikru-dalga enerjisini absorbe 
ettigi ve bu yiizden yanllg sonudara 
yola@& gi5riildii.B~ nedenle mik- 
ro-dalga unitesinden gegen kuma- 
sm meakliPltun direk olciimii miim- 

ten sicakbkarthkga hem suyun die- 
lektriksabitlerinin (e've eM)de&rle- 
ri azalmakta hem de ortamdaki su 
miktan azalmaktadir.Halbuki iire 
bn konuda gegitli avantajlar sun- 
makta&r.Bunlar: 

-Ure molekiillerinin polaritesi 
yiiksek oldua igin onemli miktar- 
da mikro-dalga enerjisi absorbe et- 
mektedir, 

-Ure: amino, nitro, karboksii, fe- 
k in  degildi. nolik veya benzer gruplar igeren ba 

+-I Su GiRiSi 

I 
Sekil2Mikro-Dalga Is~bna flnitesi yarmaddeler ibn oldukw iyi bir ~ i j  
Figure. Microwave Heating Unit ziiciidiir, 

0ncelikle gozeltiye iire ilave et- 
meksizin mikro-dalga iinitesinde 
Celliton Orange GR dispers boyam- 
tun 10 sn iglem siiresinde % 30 ora- 
mnda fikse edilebildigi, bu yiizden 
iglem zamatutun 10 sn.'nin iizerin- 
de olmasi ve fijzeltiye mikro-dalga 
enerjisini absorbe edebiecek ure gi- 
bipolar bir kimyasal maddenin ila- 
vesinin gerekti o ldua  anlq~l&.Po- 
lar bir kimvasal madde ilave edilme- 

-Ure, su molekiilleri araslndaki 
hidrojen baglantu lurarak su mole- 
kullerini tutmakta ve 6kmj sonuna 
dogrubuharlqmahizlninazalmasi- 
na neden olarak sonurn boyama 
prosesinin tamamen dnrmamasina 
neden olmaktadir, 

-Doniigiimlii olarakta suyun bu- 
harlagma hizimn azalmasiyla,iire 
sulu fijzeltide daha uzun kalmakta 
ve iire molekiillerinin kristalizasyo- 

diginde yainma sulu E6zelti ile elde nu azalmaktadir.Yapilan digma- 
e&len bu diisiik deterlerinin iarda iire ~ozeltisinin aksine iire 

3.2.Mukayese Yoluyla 
Mikro-Dalga unitesinden 
Gepen Kumagm S~caklgmm 
Tesbiti 

UG ayn kumag numunesi stan- 
dard boya ~ozeltisi ile muamele edii- 
dikten sonra,mikro-dalga iinitesin- 
de olugan su buhan kondensasyo- 
nunun damlalar halinde kumag 
iizerine diigerek lekeler olugturma- 
a m  engellemek ipn,on kurutma ile 
nem igerikleri %401tan %15'e diigii- 
riildiive Benz sicak hava kurntucu- 
sunda 180,210ve 230"C'de 30 sn. sii- 
re ile termo6ksaj geqeklegtiril- 
di.Aym gartlarda flotte aplike edil- 
mig ve on kurutma yapimig diger 
iig numune ise 1,5 kW mikro-dalga 
gii$ girigi ile 15,20 ve 25 sn.sure ile 
mikro-dalga iinitesinde fikse edii- 
di.Konveksiyone1 isitma metodla- 
nnda materyalin iglem sicakli&na 
erigmesi idn ~ o k  daha fazla zaman 
gerektigi idn Benz kurutucusunda- 
ki iglem zamani mikro-dalga iinite- 
sinderinden daha uzun tutulmug- 
tur.Alinan sonudar Tablo l'de ve- 
rilmigtir. 

Mikro-dalga iinitesinde yapllan 
deneylerde,3-gegiglidalgaklavuzun- 
da olugan sabit dalgalar (standing 
waues) nedeniyle kumqin her bol- 
gesi aynl derecede isitallma&& igin 
ozellikle iglem zamani 15 sn.'nin 
iizerinde oldugu zaman gozgii yo- 
niindekumag iizerinde gentler olug- 
tu.Dalga lulavuzu boyunca sabit 
elektrik alanlantun kullanllan g a r b  
lar albnda yiiksek kumq hlzlann- 
da (diigiik iglem zamm) etkisi her 
ne kadar as olsa da; her durumda 
olu@ugubirgeqekti. Kumaglnyiik- 
sekve diigiik elektrik alanlanna ma- 
rnz kalrmg lusimlan arasinda sicak- 
hkfarluvardi. IsitmaJolay~s~ylabo- 
yama diizgiinsiizliigiinii gidermek 
igin proseste yapilan modifikasyon- 
lar ileriki boliimlerde anlatalacak- 
tm. 

Tablo l'den goriilecegi gibi mik- 
ro-dalga iinitesinde 15,20 ve 25 



centage dye fixation and lower reflectance values were 
heated to temperatures higher than the other parts 
sh&ng lower fixation and higher reflectance values. 
Temperature differences between the parts exposed to 
low and high electric fields must have been quite high. 

Heat transfer from hot air and microwaves are not 
the same and different parameters are involved, ma- 
king it difficult to make a proper comparison. F i t i o n  
values compared to those obtained in the microwave 
unit for 15,20, 25 see. were 56% lower. Nevertheless 
higher fixation levels obtained by microwave heating 
under the conditions used gives some justification to 
the idea that the fabric temperature in the microwave 
unit reached at least 180°C after 15 see. of exposure. 
3.3.Assessment of t h e  FabricTemperature By 
Shrinkage Measurements 

The temperature reached by the fabric, when expo- 
sed to microwave heating, was not established in the 
previous sections, although an initial approach was ma- 
de by comparing disperse dye fixation by conventional 
and microwave heating. The plasticizing effect of polar 
chemical additives on polyester can be expected to be 
more dramatic in microwave heating [Wakida at 
all,1975]. In addition to this, there is a possibility of dye 
and polyester molecules oscillatingunder the influence 
of microwaves, lowering glass transition temperature 
(Tg) of polyester further. 

The same degree of fixation may have been obtained 
at lower temperature by microwave heating than by 
hot air treatment Therefore shrinkage measurements 
were considered as a means to find out the temperatu- 
re reached by the fabricin the microwave unit. The ab- 
solute shrinkage of the fabric at  a given temperature is 
related to the previous thermal treatment. In order to 
obtain the relationship between shrinkage of the fabric 
and treatment temperature, several samples of (white) 
fabric were allowed to shrink freely in the hot air dryer 
at  different temperatures for 30 see.. Figure 3 shows 
percentage shrinkage of the untreated fabric 

A-in warp B-in weft directions. 
Shrinkage of the fabric increases linearly with incre- 

ase in treatment temperature in both warp and weft di- 
rections. Higher shrinkage values associated with fab- 
ric warp is due to the fact that the fabric was extended 
to some degree during processing, i.e. winding, wea- 
vingand bleaching. The idea was to measure shrinka- 
ge of the processed fabric at  a higher temperature than 
the previous treatment temperature, i.e. the tempera- 
ture achieved in the microwave unit. At higher tempe- 
ratures, shrinkage proportional to thermal treatment 
takes place. Previous thermal treatment temperature 
can be estimated by residual shrinkage at a temperatu- 
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re higher than that of previous treatment Mnnden 
and Slater, 19591. The slope of the curves in Fig.3 is 
0.19f 0.01; in other words, the shrinkage coefficient is 
0.19 percent shrinkage per one OC. Samples fixed in the 
microwave unit under different conditions were left sta- 
tionary in the Benz hot air unit a t  230°C for min..Resi- 
dual shrinkage of each sample was measured and pre- 
vious thermal treatment was calculated by using the 
Equation below; 

TI= TZ - (R/K) 
Where K is shrinkage/temperature coefficient, R is 

the residual shrinkageat T ~ ,  thus; 
T1=230 - (R/0.19) 

I 
1 20, 

CEKME 1%) 

1 
Figure 3.Shrinkage Calibratiun Curve 
Sekil3. Cekme Kalibrasyon Dogrusu 

Table 2 shows the calculated fabric temperature du- 
ring microwave heating along with the other parame- 
ters used. For warp-way measurements, two samples; 
one exposed to high and another to low electric fields 
were taken, whereas the shrinkage in whole fabric 
width of 25 em. was measured for wefbway measure- 
ments. 

Table 2 Calculated Fabric Temperature 
Tablo 2. HesaplananKumq Swa!d@ 

2.9-2.96 

*:New plunger arrangement with piston stationary. 
*: Yeni pistan diizenlemesinden so- 

It obvious from Table 2 that differantial heating for 
the first three cases, particularly for 20 and 25 see. 
samples, was quite significant due mainly to the effect 

sn.'de elde edilen fiksaj degerleri,- 
Benz slcak hava kurutucusunda el- 
de edilenlerden % 3-6 araslnda da- 
ha yiiksektiSicak hava ve mikro- 
dalgalarla is1 transferi ayni degildir 
ve degigi parametreleri igermekte- 
dir; buyiizden Tablo l'den kesin so- 
nupar gikarmak yerine daha once 
de belirtildigi gibi bu sonu-$ann ku- 
mag sicaklb haklunda belli bir fikir 
verdigini belirtmekte yarar var- 
&r.Mio-dalgaiinitesinde elde edi- 
len daha yiiksek fiksaj degerleri ku- 
mag sl&&nin 180°C iizerinde ol- 
dugu fikrini vermektedir. 
3.3.Cekme Testleri Vasitas~yla 
Mikro-Dalga Unitesindeki 
Kumag Sicaklignin Tesbiti 

Her ne kadar konversiyonel ve 
mikro-dalga isitmaslyla elde edilen 
dispers boyafikqjlanmn kargila@- 
nlmasiyla mikro-dalga iinitesinde- 
ki kumagin eri$gi slcakhk degeri 
hakkmda bir yaklqimda bulunul- 
mugsa da;polar maddelerin (ii- 
re,su)polyester iizerinde plastikles- 
t i m e  etkisi mikro-dalga unitesinde 
daha etkindir [Wakida ve 
ark.,l975].flaveten mikro-dalgala- 
nn  etkisi altmda polyester molekul- 
lerinin titregimi,dolaylsiyla ene j i  
absorbe etmesi nedeniyle polyeste- 
rin camlagma noktasi (Tc) daha da 
dugmektedir .Aym fiksaj oranlan- 
nin mikro-dalga unitesinde slcak 
hava igleminden daha dugiik sicak- 
hklarda elde edilemsi miimkun ola- 
bi1ir.B~ yiizden gekme testlerinin 
kullammi,mikro-dalga iinitesinde 
kumqm eri~tigi sicakl~gm tesbiti 
ipn daha uygun bir yo1 olabilir. 

Belirli bir sicakhkta k u m a p  
mutlak ~ekmesi onceki termal ig- 
lemlere ba&Ii&r.Iglem sicakla ile 
kumq g&me orani arasmdaki ilig- 
kiyi bulmak igin,bir kag numune- 
nin ~egitli sicaklddarda 30 sn. siirey- 
le sicak havada serbestge gekmesi- 
ne izinverildi.$ekil3'te,A-gozgii y6- 
nunde,B-atlu yonunde % gekme 
oranlanni gostermektedir. 

sabit dalgalara maruz kalan 
bolgelerde koyu seritler 

diisuk elektrik alanlanna 
maruz kalmq biilgeler 

I 
ski1 4. sinda kumagin eri$gi sicaklg~,kull- 

lanilan diger parametrelerle bera- &re 4. 
Numunelerin gekmesi iglem si- 

cakh@nm artmasl ile hem ezgii yo- 
niindekiyiiksekgekmedeger1eri;bo- 
binleme,dokuma ve terbiye gibi i p  
lemler sirasinda kumagin u@a&@ 
gerilimlerden kaynaklanmakta- 
d~r.Amagkumagin onceki termal ig- 
lemde uygulanan sicakliktan daha 
yiiksekbiri$emle orantdl olarak ge- 
ker.0nceki termal i~lem sicakli@ 
daha yiiksek sicakliklarda kalan 
gekmeyi olgmek suretiyle tesbit edi- 
lebilir munden ve Slater, 19591. Se- 
kil3'teki gekme do@ulann~n egimi 
0.19f O.Ol'dir,diger bir deyigle gek- 
me katsapi her bir "C artq igin 
%0.19 gekmeye kargilik gelmekte- 
dir.Degigik gartlarda mikro-dalga 
unitesinde fikse edilmig numuneler 
Benz acak hava unitesinde 
230"C'de 5 dksabit biduldiktan 
sonra herbir numune igin kalan 
Fekme oram olguldu ve onceki ter- 
mal iglem sl&i@ qabdaki egitlik 
kullanilarak hesaplandi; 

Tl=T2-(R/K) 
Bu egitlikte K gekme/sickalik 

katsayqR ise T2 sicakli@nda ka- 
lan gekmedir. 

Boylece: 
T1=230-R/0.19 
Tablo 2 mikro dalga isitma slra- 

bergostermektedir.Cozgiiy6nunde- 
ki olgiimler igin bir yiiksek bii de 
dugiik elektrik alamna marw kal- 
mig iki numune ele al1mrken;atlu 
yonunde agabda gosterildigi gibi 25 
cm.enindeki gekme olgulmugtiir. 

Mikro-dalga iinitesindeki yiik- 
sek ve diigiik elektrik alanlanmn 
pistonun dalga klavuzuna gore du- 
rumunun hassas ayarlanmaslnin 
ve optimum giig girigi ve iglem za- 
manmin tesbit edilmesinden sonra, 
daha duzgiin bir lsitma elde edilmig- 
tir.Bu yeni duzenleme ile elde edi- 
len sonuglar Tablo2'de son sahrda 
gosterilmektedir. 

Tablo 2'den a@@ giiriilmekte- 
dir ki hassas ayarlama yapilmadan 
once B s e  edilen ve sonupan ilk iig 
satwda verilen numuneler iizerin- 
de sabit dalgalann etkisi ile oldukga 
buyiik slcaklik farlu o l u g m u ~ r . 0 -  
zellikle bu numunelerde iglem za- 
mani20sn.'niniizerine pkanldibn- 
da sabit dalgalann etkisi ile @zgii 
yonunde kumapn diigiik elektrik 
alanlanna maruz kalan kmmlan- 
mn sieakla 18O0C'yi gegerken,yiik- 
sek elektrik alanlanna maruz kalan 
luslmlarda gerit geklinde polyester 
liflerinin eridigive boylece bu bolge- 
de sicakl~@n en az 265'C oldugu bir 
gergektir.Halbuki son numunede 



of standing waves. The temperature diieren- 
ceacrossthewidthwhen the effect of standing 
waves was minimized by the new plunger ar- 
rangement was 3% (last sample in Table 2), 
confirminga much better heatinguniformity. 
In 20 and 25 sec. samples, the pale dyed parts 
show the temperatures just above 18WC, whi- 
le the temperature in the ribbon like parts 
where standingwaves occurred must have be- 
en at  least 2ffi°C, as the polyester fibres mel- 
tedintheseregions. Thereisasignificantdiffe- 
renceinshrinkages, henceestimatedtempera- 
tures of warp and weft of the first three samp- 
les. It is clear that the temperatures calculated 
according to shrinkage values in fabric weft 
which cover whole width of the fabric inclu- 
dinglavandhigheledricfieldsgivebetteresti- 
mation, whereas shrinkage measurement in 
warp direction covers a tiny segment across 
the width which could be from any part expo- 
sed to high or low electric field or between 
them. In addition, the shrinkage calibration 
cu~einFig.3isbasedonfreeshrinkage, there- 
forethefibreshrinkageinweft directionis mo- 
re relevant since some tension was applied in 
warp direction during microwave heating. 
These measurements also confirmed the bet- 
ter uniformity obtained when the new plun- 
gerarrangementwasemployedanddifferenti- 
al heating before the plunger arrangement in 
the previous sections. These results showed 
that the required furation temperature for dis- 
perse dyes can be obtained in the microwave 
unitunderthe conditionsused. 

~ozgiiyonunde hesaplanan si- 
d k f a r l u  sadece %3'tiir.Bu 
sabit dalgalann etkisinin mi- 
nimuma indirildigni ve ~ o k  
daha iyi bir isitma ve dolay- 
siyla boyama diizgiinlugii el- 
de edildigigostermektedir. 

Atlu yonunde ~ekme deger- 
lerine gore hesaplanan sicak- 
liklar tiim kumag eni boyun- 
ca dugiik ve yiiksek elektrik 
alanlanna maruz kalmg bol- 
geleri de ihtiva ettigi i$in da- 
ha iyi biryaklagim saglamak- 
tadir,oysa ~ozgii yonunde ah- 
nacak berhangi bir kesit du- 
guk veya yiiksek elektrik ala- 
nina maruz kalmig bolgeler- 
den veya bunlann arasindan 
01abilir.Ustelik gekil 3'teki 
pkmekalibrasyon dogrullan 
serbest ~ekmeye giire diizen- 
lenmigtir,bu yiizden atlu yo- 
nunde yapilan hesaplamalar 
goz onune alinmalid~r.Ciin- 
kumikro-dalga~sitmasiras~n- 
da da ~ozgii yonunde kumaga 
belirlibirgerilimuygulanmig- 
tIr.Tablo2'desonsat~rdaveri- 
lenve endiizgiinisitmayg6s- 
terendegerlerkullanilangart- 
lar altInda (1.3 kW giig giri- 
giJ5 sn.iglem zamani ve isili 

maunitesininhassasayarlan 
mas0dispers boyalann fisaj 
i$in gerekli sicakhk bu mik 
ro-dalgaiinitesindeeldeedile 
bilir. 

Bugahgma~anchester~ni 
tesi Biim ve Teknoloji Ensti 
tiisunde (UMIST) yapllmq 
tm.Bu $isma suresince yar 
mmlan~u esirgemeyen Ensti 
tu ogretim iiyesi Dr. L.W.C 
Miles'e tegekkiirii birbor~ bi 
lirim. 
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USTER HABER BULTENi'nin 36.so,ylsznda yayinla- 
nun '71989 USTER k3TATfSTfKLER.P'. tekstil end& 
trisi icin hazzrlanmy olan iplik kalite karakteristikleri- 
nin bimmya getirilmesi ue degerlendirilmesine iligkin 
son 40yzllik deneyime ait degerleri sunmaktadzr. Bu 40 
yzlzngiizdengqirilmeslyle, gu anda ipliklerin ne derece- 
de daha az neps icerdikleri, ne kadar mukauemetli ol- 
duklm, ue ne derecede daha az seyrek-olugan hatalar 
irprdikleri, us., anlagdabilir. 
AUTOMATION IN YARN TESTING 
The "USTER STATISTICS 1989': published in US- 
TER NEWS BULLETIN No.36, represent 40 years of 
experience values of collecting and evaluating yarn qu- 
ality chamcteristics for the textile industry. Looking 
back over these 40 years, one can evaluate to what ex- 
tent yarns haue become more euen, haue less neps, are 
stranger, haue fewer seldom-occurring faults, etc. 
l . ~ i ~ f f j  

USTER HABER BijLTENI'nin 36.sayls1nda yayn- 
lanan "1989 USTER ~STATIST~KLERI". tekstil endiis- - 

trisi i$in hazirlanmig olan iplik kalite kamkteristikleri- 
nin biraraya getirilmesi ve degerlendirilmesine iligkin 
son 40 yllllt deneyime ait degerleri sunmaktalr. Bu 
40 yllin gozden ge&ilmesiyle, gu anda ipliklerin ne de- 
recede daha az neps i~erdikleri, ne kadar mukavemetli 
olduklan, ve ne derecede daha az seyrek-olugan hata- 
lar i~erdikleri, vs., anlagilabilir. 

1989 USTER ~sTATIsT~KLER~, lif i~erigi ve iplik 
egirme sistemi balummdan 16 iplik tipini incelemekte- 
dir. Herbir iplik tipinde biitun numara degerleri dikka- 
te almmaktadir. 40yll boyunca degigen kogullan deger- 
lendirebilmek iijn i i ~  adet ring sisteminde egrilmig h- 
sa stapel i p l i  ve bir adet rotor usulii egrilmig hsa sta- 
pel iplik segilmigtir. Bunlar, ken& iplik egirme sistem- 
lerindeki nnmara apsindan en sik egrilmig iplikleri 
temsil etmektedir; bir Ne, 20 (30 tex) ve bir Ne, 30 (20 
t e a  karde ring ipligi (gekill) bir Nec 60 (10 tex) penye 
ringipligivebiiNec 10 (60tex) karde mtor ipligi (Sekil2). 
'Siimerbank Holding A.S. Sagem &tmesi taraf~ndan diizenlenen 
[plik Teknolojisinde Son Yenilikler Seminerinde "Automotion in 
Yarn Testing LqhB ile Keith DOUGLAS taraflndan sunulmu~ ve 
Erhan KIRTAY taraflndan Tiirkgele@iril@tir. 

I'EKSTfL VE MAKiNA YIh4 SAm23 EKlM 1990 

0 10 20 30 40 50 60 TO 80 90 100 
iplik Numans8 H s  

I 
?kil 1.Diinya Ring Iplik Uretimi, 1plik Numa- Frekans 
~Wrrm. [Rieter Winterhurt, 19881. 

I 
ski1 2.D- Rator iplik hetimi, iplik Numaral-n Frekans 
t a m l ,  [Rieter Winterhurt. 19881. 

Son 40 yd boyunca USTER IsTA~~T~KLF,R~NDE 
surekli yer almg olan bir i p l i  karakteristig, %U Oine- 
er diizgiinsiizluk) duzgiinliik degeridir. ~ u k a n d a  belir- 
tilen iplik numaralan i ~ i n  gekil3'de giisterilen grafik- 
sel ifadeden gkanlan sonu~lar: 

-60'11 ylllar boyunca, yeni teknolojilerin ve kalite 
kontrol ol~iimlerinin devreye girmesinin bir sonucu 
olarak duzgiinluk degerleri, %lo-20 uvannda geligme 
gostermigtir. 

-70'li yllann baglarmda, duzgiinliik degerleri kotii- 
ye gitmigtir, bunun sebebi, daha yiiksek iiretim hizlan- 
run uygulanmasi ve daha ucuz hammaddelerin kulla- 
nilmasinclan kaynaklanmaktaydl. 

-70% ylllann ikinci yansmda ve 80% vllar bovunea . --. 
iplik kalitesinde tiim dunyada gene1 bir geligme olmug- 
tur. Daha fazla geligmig iplik earme makindan. daha 
deneyimli igletme yijnetimi ve biitiiniiyle kalite'sagla- 
yan tekniklerin uygulanmasi boyle bir gelkmeye ne- 
den olmugtur. 

1964 USTER h T ~ T i s ~ i K L ~ R f ' n d e n  (Tablo 1) bag- 
layarak iplik hatalannin saylsl dikkate a l~mna  deserle- ----- 
rin %50' (ortanca) degerinin ylllar boyunca hafif~e iyi- 
legme gosterdigi goriilebilir. Bununla birlikte bu ap- 
dan baluldlgmda, USTERISTAT~ST~KLER~'~~~ birsa- 


