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Analiza deskryptorowa

-
POMIAR TEMPERATURY Z WYKORZYSTANIEM SWIATEOWODOW+

BADANIA PROCESOW METABOLICZNYCH

Abstrakt

-Podano zasade pomiaru temperatury na zasadzie pomiaru polozenia pasma
absorpcyjnego potprzewodnika oraz metoda fluorescencyjng , opisano uktad
pomiarowy metoda polozenia pasma absorpcyjnego potprzewodnika oraz

i przedstawiono wyniki badan temperatury w uktadzie swiattowodowym
z arsenkiem gallu.

- Badanie probek ziarna prowadzono metoda chromofotograficzna.

Tytuty poprzednich sprawozdan

W ramach projektu badawczego i umowy z dnia 07.08.1996r.
praca pt..”’Metody oceny intensywnosci proceséw metabolicznych
w przechowalnictwie zbozowym.”

Metody oceny intensywnosci procesow metabolicznych w przechowalnictwie
zbozowym. Projekt badawczy nr 400/PO6/96/11
Etap 1. Opracowanie i wykonanie stanowiska do badan swiattowodowych
temperatury.( Umowa o dzieto nr 36/97)
Etap 1. Badanie jakosci technologicznej w komorze doswiadczalnej-
badania warstwowe. ( Umowa o dzieto nr 34/97 )
Etap 1. Badania chromofotograficzne préobek ziarna - badania probek.
( Umowa o dzieto nr 35/97 )
'| Nr arch. 7447 (z dnia 23.07.1997r.)
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Wstep

Sprawozdanie dotyczy wykonanych prac w drugim pélroczu 1997r. objetych ogolnym
harmonogramem prac Projektu Badawczego nr 400/P06/96/11 oraz wynikajacym z niego

szczegolowymi harmonogramami trzech Umow.

Prace wykonane byty przez trzy zespoly badawcze:
1. Zespét kierowany przez prof.dr hab. L. Fornal z Akademii Techniczno-Rolniczej w

Olsztynie,
2. Zespot kierowany przez prof.dr.hab. E. Kamifiskiego z Akademii Rolniczej w Poznaniu,
3. Zesp6l kierowany przez dr A.Kobosko, dr.H Leskiewicza z PIAP

Koordynatorem niniejszych prac, a zarazem Kierownikiem Projektu Badawczego jest
dr.A.Kobosko.

Najwazniejszym wynikiem prac wykonanych w 2-gim pétroczu 1997r. sa:

- opracowanie modelu §wiattowodowego pomiaru temperatury, dobor ptytek
polprzewodnik6w, wykonanie stanowiska termostatycznego z plytka chodzaco-grzejaca
Peltiera, wykonanie badan modelu na chromatografie Instytutu Chemii Uniwersytetu
Warszawskiego oraz w PIAP.

- badania cech geometrycznych i jakoéci technologicznej pszenicy kanadyjskiej
przechowywanej w komorze z ciagglym monitoringiem temperatury ziarna,

- ocena intensywnosci procesow metabolicznych w funkcji temperatury w punkcie przyjgcia
ziama do elewatora

W wyniku prac tegorocznych powstaly trzy publikacje:

1. Jako$¢ technologiczna ziarna z gémej i dolnej warstwy komory przechowalniczej.
autorzy: L. Fornal, K.Majewska, W.Gudaczewski, A.Kobosko,
artykut przyjetu do druku w Przegladzie Zbozowo-Miynarskim,

2. Computer system for thermal measurement with optoelectronic sensors in grain elevators.
XIV IMEKO World Congress, Tampere, Finlandia, czerwiec 1997r.,autor: A. Kobosko,

3. Monitoring of thermal processes in grain storages, 6-th International Conference on
Agrophysics, Lublin wrzesien 1997, PAN, str. 9, autor: A. Kobosko.

Artykuly znajduja sie w niniejszym sprawozdaniu.

Ponadto do sprawozdania dotaczono kserokopig¢ bardzo waznej publikacje udostgpnionej nam

przez Instytut Technologii Materiatow Elektronicznych pt:
High-precision determination of the temperature dependence of the fundamental energy gap m

gallium arsenide, E. Grilli, M.Guzzi, R Zambonii, I.Pavesi, Physical Review B,15.01.1992
Weczesniejsze publikacje umieszczone sa w sprawozdaniu z etapu 1.



BADANIA SWIATEOWODOWE TEMPERATURY

1. Wstep

W etapie pierwszym niniejszej pracy wykonanym w okresie od 2.02.97 do 23.07.97
opracowano i wykonano stanowisko do badan $wiattowodowych.

W etapie drugim stanowisko to ulegalo jeszcze modyfikacji w miar¢ otrzymywanych
wynikow badaf. Modyfikacja dotyczyla ksztattu i materialu  zaproponowanej plytki
polprzewodnika, oraz toru optycznego. Bylo to zwiazane z koniecznoscia podwyzszenia
czuto$ci uktadu pomiaru temperatury oraz uzyskania powtarzalnosci pomiaréw dla rézmych
technologicznie ptytek arsenku gallu.

W tym okresie wspdipracowano z Instytutem Chemii Uniwersytetu Warszawskiego wykonujac
na ich unikatowych stanowiskach cze¢$¢ badan. Probki polprzewodnika udostepnit nam
Instytut Technologii Materiatow Elektronicznych - krajowy monopolista w zakresie
wytwarzania 1 aplikacji arsenku galla. W Zakladzie Technologii Zwigzkow
Potprzewodnikowych, tego instytutu, kierowanym przez dr inz. A. Hrubana wykonano nam
probki z arsenku gallu o rézmej grubosci, szerokosci, a takze o polerowanej i matowej
powierzchni. Pozwolito to na obserwacje wplywu rozproszania i odbicia strumienia Swietlnego,
w pasmie podczerwieni, na uzyskany sygnat uzytkowy odwzorowujacy badang temperature.

Dobor elementéw elektronicznych przeprowadzono na podstawie katalogéw firmowych
japonskiej firmy Hamamatsu, z ktoérg prowadzlismy dyskusje przez Internet. Diody na
podczerwien zostaly dostarczone przez szwedzka firme dystrybutorska ELFA, ktéra ma juz
przedstawicielstwo w Warszawie.

Celem tegorocznych prac bylo potwierdzenie zjawiska wplywu temperatury na pasmo
absorpcji plytki poélprzewodnikowej. Na podstawie tego zjawiska zbudowano uklad
elektroniczny - analogowy, za pomocg ktorego mozna prowadzi¢ badania temperaturowe.
Nastepnie badano czuto$¢ temperaturows uzyskana z uktadu elektronicznego podawang w mV

na 10°C.

2. Zasada optoelektronicznych pomiarow temperatury

Zasada pomiaréw temperatury z wykorzystaniem $wiattowodow jest przedstawiona na
rys.l. Ze wzrostem temperatury przesuwa si¢ krzywa absorpcji pélprzewodnikéw. Dla arsenku
gallu, ktory zostal przez nas wytypowany do realizacji pomiaréw temperatury w przedziale :
0-80°C, krzywa absorpcji zmienia si¢ liniowo w funkcji temperatury w zakresie dtugosci fali
w przedziale 850-950nm. Przedzial ten odpowiada bliskiej podczerwieni. Dokladne
rozwazania na temat wplywu temperatury na arsenek gallu znajduja si¢ w zalaczonym do
niniejszego sprawozdania artykule:

High-precision determination of the temperature dependence of the fundamental energy gap in
gallium arsenide,E.Grilli, M.Guzzi, R Zambonii, I. Pavesi, Physical Review B,15.01.1992
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Rys.1. Zasada optoelektronicznego pomiaru temperatury

obszar: x x x- okreéla transmisj¢ strumienia $wietlnego dla
temperatury T, (krzywa absorpcji - 2)

Oéwietlajac plytke arsenku gallu $wiattem o diugosci fali bliskiej podczerwieni, z diody typu
LED, jak to przedstawiono na rys.1 - krzywa emisji diody 4, otrzymujemy obszar ,xx” -
ograniczony krzywa absorpcji ( T2 ) i krzywa emisji 4. W obszarze tym wystgpuje tylko
transmisja strumienia $wietlnego. Ze wzrostem temperatury obszar ten si¢ zmniejsza bo krzywe
absorpcji 1,2,3  zblizaja si¢ do krzywej 4. Jeli strumief przechodzacy przez pélprzewodnik
doprowadzimy $wiattowodem do odbiornika np. fototranzystora to sygnat elektryczny z niego
bedzie odwzorowywal temperature w otoczeniu arsenku gallu. Zaproponowana metoda ma
cechy metody analogowe;j. Jest ona realizowana w niniejszym etapie pracy.

Druga metoda, ktora chcemy zastosowaé nazwana przez nas cyfrowa, polega¢ bedzie na
pomiarze dlugosci fali progu absorpcji. Chcemy tu zastosowac linijke Swietlng. Metoda
powinna byé znacznie dokladniejsza, ale bedzie znacznie drozsza poniewaz wymagac bedzie
zakupu odpowiednich blokéw elektronicznych ( z firm japonskich).



3. Metoda analogowa optoelektronicznego pomiaru temperatury

Metoda, ktora zostata zrealizowana w pierwszej kolejnosci, polega na wykonaniu uktadu
pomiarowego przedstawionego na rys.2. Strumien Swietlny wytworzony jest przez nadajnik
promieniowania podczerwonego, ktérym jest dioda podczerwieni. Nazwa angielska tej diody
jest nastepujaca: High - Performance T - 1 34 (Smm) TS AlGaAs Infrared (880 nm) Lamp.
Dioda w odpowiedniej podstawce przekazuje strumiei $wietlny bezposrednio do $wiatlowodu
zakonczonego soczewka skupiajaca.
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Rys.2. Optoelektroniczny do$wiadczalny ukiad pomiaru temperatury ze swiattowodami

1. Nadajnik promieniownia podczerwonego
2.17. Odcinek $wiattowodowy

3.1 6. Zwierciadlo skupiajace

4, Stanowisko termostatyczne z plytka Peltiera
5. Plytka polprzewodnikowa z arsenku gallu

6. Detektor podczerwient

Strumien $wietlny skierowany jest przez uklad optyczny, do plytki pélprzewodnikowej z
arsenku gallu. Po przejsciu przez plytke strumien jest ponownie skupiany przez soczewke 1
transmitowany do $wiattowodu. Na koficu $wiattowodu jest umieszczona fotodioda
(fototranzystor), ktora mierzy si¢ intensywno$¢ doprowadzonego strumienia S$wietlnego.
Sygnat elektryczny z fotodiody odwzorowuje aktualnie mierzona temperaturg. Tor swietlny
jest tak uksztaltowany i wykonany , aby odbicia i rozproszenie $wiatla byto minimalizowane.
Zmiane temperatury plytki z arsenku gallu otrzymuje si¢ za pomoca termostatu
elektronicznego z plytka Peltiera przedstawionego na rys. 3. Plytka grzejno-chlodzaca
umieszczona jest w podstawie wydrazonego walca aluminiowego. Zmiana kierunku przeptywu
pradu zasilajacego (3-4 A,dc). wywoluje efekt grzania lub chtodzenia. Regulator elektroniczny
z czujnikiem Pt 100 utrzymuje zadane wartoéci temperatury oddziatywujac tréjpotozeniowo
na prad zasilajacy plytke. Zmiana temperatury walca aluminiowego nastgpuje w ciggu
krotkiego okresu czasu. Przeniesienie tej temperatury na umieszczong w $rodku walca ptytke
polprzewodnikowa, jest zwiazane z diugg inercjq mimo specjalnych pierécieni aluminiowych w
ktorych plytka jest zamontowana wewnatrz walca.



potozenie probki GaAs
wiazka syfatla

obudowa probki ——»
czujnik stabilizatora [ R 1

czujnik odgzytu tefnperathyy _ =

elegrént Peltiera

// chiodnica

do stabilizatora

Rys.3. Stanowisko termostatyczne do badan temperaturowych

Na Fot.1, Fot.2 i Fot.3 przedstawiono rzeczywisty widok zrealizowanego stanowiska do
badanh temperaturowych ze $wiattowodami oraz nadajnik i odbiomik pracujacy w pasmie
podczerwieni.




Fot.1. Widok stanowiska optoelektronicznego ze swiattowodami
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Fot.2. Nadajnik diodowy

Fot.3. Odbiornik fotodiodowy (fototranzystorowy)



4. Wyniki badan temperatury

W Instytucie Chemii Uniwersytetu Warszawskiego udostgpniono nam fotospe-
ktrometr zakupiony z Fundacji Nauki Polskiej - program SUBIN 95, na ktérym dla
kilku temperatur wyznaczyli$my krzywe absorpcji naszej ptytki pomiarowej z arsenku
gallu. Niestety ze wzgledéw technicznych niemozliwe byto doktadne okreSlenie tempe-
ratury plytki umieszczonej w spektrometrze. Temperatura plytki byta zmieniana cie- |
plym powietrzem z termowentylatorai mierzona bezdotykowym miernikiem pracuja- |
cym w pa$mie podczerwieni przed zamknieciem komory pomiarowej spektrometru,
awiec przed wyznaczaniem krzywych absorpcii.

. Podane 3 krzywe absorpcji na rys. 4 zostaly wyznaczone dla temperatury poko-
jowej ok.22°C (krzywa T1) oraz temperatur: 35 + 4°C (krzywa T2) i 45 £ 4°C
(krzywa T3).

Zbadana plytka zamocowana w ukladzie pomiarowym, przedstawionym na
rys. 2 wymagata ktopotliwej selekcji Zrodia swiatta, gdyz ten sam typ diody SFH485-2
Siemensa, emitujacej promieniowanie podczerwone o dtugosci fali 880 nm miat bar-
dzo rozne charakterystyki spektralne, znacznie rézniace sie od podanej w katalogu.

W tej samej temperaturze absorpcja strumienia $wietlnego roznych diod przez plytke
réznita si¢ 10-cio krotnie. Poza tym stromo$¢ zbocza widma jest mata, co wptywa na
mate zmiany transmisji strumienia w funkcji temperatury.

Problem ten rozwiazalby odpowiedni filtr, ktory jest jednak bardzo drogi i
przekracza koszt ca{ego stanowiska pomiarowego. W jakim$ stopmu problem moze
by¢ rowniez rozwiazany metoda modulacji strumienia §wietlnego i wzmocnienia sy-
gnatu pomiarowego z fotodetektora.

W zbudowanym stanowisku pomiarowym dioda podczerwieni (zrédlo bada-
nego strumienia §wietlnego) byla zasilana pradem staltym 80 mA z laboratoryjnego
stabilizatora napiecia. Sygnat z fotodetektora byt mierzony za pomoca multimetru
firmy Metex.

1. Wyniki pomiaréw z uzyciem diody podczerwieni
o maksymalnej intensywno$ci §wiecienia przy A = 899nm:

t| °C 10 20 30 40 50 60

us| mV 214 21,0 ( 20,8 [ 20,5 20,2 | 20,0

2 2 b 2

2. Wyniki pomiaréw z uzyciem diody podczerwient
o maksymalnej intensywnosci §wiecenia przy A = 892nm:

t °C 10 20 30 40 50 60 70

u [mv || 23,5 | 228 | 22,1 | 21,3 | 202 | 19,6 | 18,8

2 b

A0
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Rys. 4. Krzywe absorpcji krysztalu arserkku gallu

cJ
w funkcji dtrugoici fali dla temperatur
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5. Podsumowanie i wnioski.

A. Na podstawie badan pasma absorpcji ptytki arsenku gallu i jego progu zadziatania
przeprowadzonych na fotospektrometrze mozna stwierdzié, ze zmiana temperatury
powoduje widoczna zmiang progu absorpcji.

B. Zalezno$¢ potozenia progu absorpcji od temperatury mozna wykorzystal pra-
ktycznie w uktadzie pomiarowym opisanym w niniejszym sprawozdaniu. Czuto$¢ pro-
stego uktadu pomiarowego jest jednak niska (ponizej 1mV/10°C) i dlatego konieczne
jest duze wzmocnienie uktadu elektronicznego.

Przyczyny matej czulosci sa nastepujace:
- mata stromo$¢ zboczy widma diody podczerwieni;
- niedobrane pasmo widma diody podczerwieni wzgledem charakterystyk absorpcjt

plytki arsenku gallu.

C. Przedstawione wyzej wady bedzie mozna znacznie zredukowac po zastosowaniu
cyfrowej metody pomiarowej z linijka $wietlna. Odpowiednie elementy tego uktadu
pomiarowego zostaty juz zaméwione, na ktérym przewiduje si¢ dalsze badania w nas-
tepnym etapie pracy.

A



Olsztyn, 1997-11-30

Sprawozdanie

z badar cech geometrycznych i jakosci technologicznej pszenicy
kanadyjskiej przechowywanej w komorze z ciqglym monitoringiem

temperatury ziarna (komora 3 )

1. Material badan.
Materiatem badan bylo ziarmo pszenicy kanadyjskiej - 5 prob, pobieranych
co 50 ton w czasie oprézniania komory.
Proby umownie 0znaczono nastgpujaco:
1 warstwa gorna
2
3 warstwa Srodkowa
4
5 warstwa dolna
2. Metody analityczne jak w sprawozdaniu z I eksperymentu ( komora 1 ).

3. Wyniki.

3.1. Cechy geometryczne.

Cechy geometryczne pszenicy kanadyjskiej pobrane umownie z 5 warstw
komory sa bardzo zblizone w obrebie badanych frakcji ( tab.2 ). Wyraznie

rézniace sie wielkoéci maja takie cechy geometryczne, jak diugos¢, szeroko$¢é

A&



obwod, pole powierzchni pomigdzy frakcja stanowiaca zlot z sita 2,5 x 25 mm
i przesiew 2,2 x 25 mm. Wyniki opisujace cechy geometryczne nie wskazuja
na mozliwoéé samosortowania ziarna w czasie zasypu lub oprézniania komory.

Dowodzi tego réwniez bardzo zblizony sklad frakcyjny badanych warstw
(tab.1).

3.2. Jako$é technologiczna.

Ziamo pszenicy kanadyjskiej po 6 miesigcznym przechowywaniu miato
dobrg jakosé technologiczna ( tab.3 ). Wyciag maki, popiotowos$¢ ziarna 1 maki,
test sedymentacyjny nie réznily si¢ wyraznie pomigdzy warstwa goérma, srodkowa
i dolna. Jedynie liczba opadania ziarna malala w kierunku warstwy srodkowe;
idolnej. Najwigksza liczbe opadania, a najnizsza aktywno$¢ o-amylazy,
stwierdzono w ziamie warstwy gomej niezaleznie od wielkos$ci ziarniakow.
Wszystkie wyrézniki jakosci technologicznej sa wynikiem niskiej wilgotnosci

ziarna, ktéra minimalizowala procesy metaboliczne ziarniakow.

prof. dr hab. Lucja Fornal
dr inz. Katarzyna Majewska
mgr inz. Witold Gudaczewski



Tabela 1. Procentowy udzial badanych frakcji (pszenica kanadyjska).

Frakcja Warstwa gdérma Warstwa Warstwa dolna
srodkowa
>2,5x25 mm 39,81 % 42,42 % 43,10 %
>2,2x25mm 39,20 % 37,38 % 34,84 %
<2,2x25mm 20,80 % 20,44 % 22,10 %

AE



Tabela 2. Cechy geometryczne ziarniakéw pszenicy kanadyjskiej
( wielkosci Srednie ).

Warstwa | Dhugos¢ | Szerokos¢ |  Obwadd Pole w
[ mm ] [ mm ] [ mm ] powierzchni [-]
[mm’ ]
1 6,69 3,99 25,58 17,53 0,027
2 6,64 3,93 25,38 17,28 0,027
Frakcja 1 3 6,68 3,92 25,42 17,37 0,027
4
5
1 6,33 3,79 24,15 15,09 0,026
2 6,39 3,68 24,35 15,15 0,026
Frakcja 2 3 6,31 3,74 24,03 14,97 0,026
4
5

Frakcja 3
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ZAL.ACZNIK 1. Cechy geometryczne pszenicy.

Warstwa 1
Wymiar FrakcjaNr.*
geometryczny 1 2 3
x ér 6,69 6,33 5,86
Dhugosc X max 7,64 7,44 7,09
[ mm ] X min 5,69 5,35 4,72
c 0,422 0,390 0,420
o’ 0,178 0,152 0,176
x ér. 3,99 3,79 3,26
Szerokos¢ X max 5,16 4,95 4,59
[ mm ] X min 2,68 2,33 1,98
o 0,608 0,574 0,768
o’ 0,369 0,329 0,590
x §r 25,58 24,15 22,42
Obwéd X max 28,72 27,88 26,61
[ mm ] X min 21,82 20,28 18,02
o 1,498 1,362 1,525
o? 2,243 1,854 2,326
Pole x §r 17,53 15,09 12,23
powierzchni X max 23,27 20,90 16,83
rzutu X min 13,13 11,33 8,47
[ mm? ] c 2,094 1,695 1,589
o’ 4,385 2,873 2,524
Wspbtczynnik  |x ér 0,027 0,026 0,024
konturu obwodu |x max 0,031 0,030 0,029
obiektu X min 0,023 0,022 0,020
P/O? G 0,002 0,002 0,002
[-] - 2,34E-0,6 2,8E-0,6 3,37E-0,6




ZALACZNIK 2. Cechy geometryczne pszenicy.

Warstwa 2
Wymiar FrakcjaNr.*
geometryczny 1 2 3
x §r 6,64 6,39 5,89
Dhugosé X max 7,67 7,48 7,12
[ mm] X min 5,21 5,36 4,49
c 0,444 0,429 0,451
o’ 0,197 0,184 0,203
x §r. 3,93 3,68 3,40
Szeroko$§¢ X max 5,16 5,09 4,71
[ mm ] X min 2,57 2,22 2,10
c 0,569 0,662 0,702
o 0,324 0,438 0,493
X §r 25,38 24,35 22,55
Obwod X max 29,01 28,02 26,47
[ mm ] X min 20,56 20,84 17,88
c 1,552 1,504 1,588
o’ 2,409 2,261 2,520
Pole X §r 17,28 15,15 12,49
powierzchni X max 23,29 19,81 18,49
rzutu X min 12,43 10,95 8,79
[ mm?* ] o 2,023 1,712 1,621
o 4,093 2,930 2,627
Wspotczynnik | x §r 0,027 0,026 0,025
konturu obwodu |x max 0,032 0,029 0,030
obiektu X min 0,023 0,020 0,019
P/O? o 0,002 0,002 0,002
[-] o 3,08E-0,6 2,69E-0,6 3,56E-0,6




ZAY.ACZNIK 3. Cechy geometryczne pszenicy.

Warstwa 3
Wymiar FrakcjaNr. *
geometryczny 1 2 3
X §r 6,68 6,31 5,82
Dlugosé X max 7,95 7,38 6,93
[ mm ] X min 5,35 5,35 4,39
c 0,439 0,391 0,500
o’ 0,193 0,153 0,250
x §r. 3,92 3,74 3,37
Szerokosé X max 5,01 4,85 4,62
[ mm ] X min 2,68 2,57 2,10
G 0,554 0,596 0,675
o’ 0,306 0,356 0,456
x §r 25,42 24,03 22,28
Obwédd X max 29,29 27,60 26,33
[ mm ] X min 21,12 20,42 17,18
c 1,531 1,330 1,802
o’ 2,345 1,769 3,248
Pole X §r 17,37 14,97 12,16
powierzchni X max 23,42 19,05 16,78
rzutu X min 11,82 11,64 7,48
[ mm? ] c 1,955 1,546 1,818
o’ 3,821 2,390 3,305
Wspbélczynnik | x $r 0,027 0,026 0,024
konturu obwodu |x max 0,031 0,030 0,030
obiektu X min 0,023 0,021 0,019
P/O? c 0,002 0,002 0,002
[-] o’ 2,31E-0,6 2,74E-0,6 3,48E-0,6
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ZALACZNIK 4. Cechy geometryczne pszenicy.

Warstwa 4
Wymiar FrakcjaNr.*
geometryczny 1 2 3
X §r 6,73 6,25 5,85
Dhugosé X max 7,80 7,24 7,17
[ mm ] X min 5,69 5,01 4,38
c 0,394 0,381 0,515
o’ 0,155 0,145 0,266
X §r. 4,03 3,71 3,37
Szeroko$¢ X max 5,01 481 4,50
[ mm ] X min 2,68 2,57 2,10
o 0,557 0,606 0,646
o’ 0,310 0,367 0,417
x §r 25,71 23,87 22,32
Obwod X max 29,71 27,32 26,75
[ mm ] X min 22,25 19,99 17,60
o 1,384 1,269 1,841
o’ 1,914 1,611 3,389
Pole x §ér 17,59 14,71 12,36
powierzchni X max 22,57 18,35 18,08
rzutu X min 13,56 10,71 7,82
[ mm? ] G 1,802 1,450 1,905
o? 3,246 2,104 3,627
Wspétczynnik | x §r 0,027 0,026 0,025
konturu obwodu |x max 0,031 0,030 0,029
obiektu X min 0,022 0,021 0,020
P/O? G 0,001 0,002 0,002
[-] o’ 2,1E-0,6 2,76E-0,6 3.62E-0,6




ZALACZNIK 5. Cechy geometryczne pszenicy.

Warstwa S
Wymiar FrakcjaNr.*
geometryczny 1 2 3
x §r 6,69 6,28 5,77
Dhugosé X max 7,57 7,38 6,70
[ mm ] X min 5,85 5,41 4,41
c 0,341 0,400 0,451
o’ 0,116 0,160 0,203
x §r. 3,98 3,68 3,40
Szerokosé X max 5,31 5,17 4,73
[ mm ] X min 2,68 2,45 2,10
o 0,583 0,696 0,664
c’ 0,340 0,485 0,441
x §r 25,52 24,02 22,17
Obwod X max 28,44 27,71 25,49
[ mm ] X min 2222 20,84 17,32
c 1,196 1,396 1,592
o? 1,429 1,950 2,535
Pole X §r 17,71 15,03 12,26
powierzchni X max 21,89 20,07 16,77
rzutu X min 14,55 11,68 8,20
[ mm?] o 1,624 1,535 1,541
o’ 2,639 2,356 2,375
Wspoélczynnik | x §r 0,027 0,026 0,025
konturu obwodu |x max 0,031 0,031 0,031
obiektu X min 0,024 0,021 0,021
P/O? o 0,002 0,002 0,002
[-] o? 2,46E-0,6 2,68E-0,6 3,68E-0,6
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1 Jako§¢ technologiczna ziarna pszenicy z gornej i dolnej warstwy

komory przechowalniczej

"EUCJA FORNAL
"KATARZYNA MAJEWSKA
"WITOLD GUDACZEWSKI
“ANDRZEJ KOBOSKO

" Akademia Rolniczo-Techniczna im. M. Oczapowskiego w Olsztynie
Katedra Technologii Produktéw Roélinnych

“Przemystowy Instytut Automatyki i Pomiaréw w Warszawie

Przechowywanie ziarna zb6z ma wiele celd6w w racjonalnej gospodarce
zywnosciowej spoleczenstw s$wiata. Jednym z nich jest utrzymanie jako$ci
technologicznej 1 minimalizowanie strat przechowalniczych. Osiagniecie tego celu
zalezy od cech fizycznych ziama zb6z, wlasciwosci cieplnych, biochemicznych 1
chemicznych. Przechowywanie ziarna o wilgotnosci 12-13% w silosach
metalowych lub komorach betonowych wymaga automatycznej kontroli
temperatury. Procesy cieplne sa pierwszym sygnalem intensyfikowania procesow
fizjologicznych przechowywanego ziarna [2]. Rozklad temperatury ziarma na
przekroju silosu lub komory przechowalniczej ma wplyw na jego jakosé
technologiczna [3].

Poznanie = zwiazkéw  pomiedzy  jakoScia  technologiczng  ziarna
poszczegblnych warstw a ich temperatura jest wazne, ale ich wyznaczenie j.est
trudne w przypadku komor przemystowych o duzej pojemnosci, bez otwordéw do

pobierania prob z okreslonej wysokosci stupa ziarna.

! Badania finansowane przez KBN, grant nr 5 POGF 01611



Najczesciej akumulacja ciepta i migracja wody powoduje wzrost temperatury
w centralnych partiach silosu lub komory. Warstwy zewngtrzne; goérna, dolna i
przylegajaca do $cian komory maja temperature nizsza.

W niniejszej pracy przedstawiono wyniki badan jakosci technologicznej
ziama pszenicy przechowywanego w komorze elewatora z zainstalowanym
systemem pomiaru temperatury. W ocenie jakoSci technologicznej ziarna
uwzgledniono cechy geometryczne, zawarto$¢ bialka, test sedymentacyjny,

twardos$¢ oraz wybrane cechy reologiczne ciasta.
Material i metody badan

Materialem badan bylo ziamo pszenicy przechowywane w komorze
elewatora PZZ w Szymanowie. W komorze byl zainstalowany system do ciaglego
monitoringu temperatury ( typu METROTERM DAC-20 opracowany w
Przemystowym Instytucie Automatyki i Pomiaréw), pojemnos$¢ komory wynosila
850 ton. Temperatura ziarna warstwy dolnej wynosita 21.3 °C, gormej 14.7 °C

Do badan pobrano ziarmo z warstwy gornej 1 dolnej badanej komory. Ziarno
sortowano za pomocg sit Vogla otrzymujac trzy frakcje: zlot z sita 3.2 x 25mm
(frakcja 1) 1 z sita 2.5 x 25mm (frakcja 2) oraz przesiew z sita 2.5 x 25mm
(frakcja 3).

Cechy geometryczne ziarna wyznaczono stosujac technik¢ wizyjnej analizy
obrazu opisang w wczesniejszych pracach [5]. Jakos$¢ technologiczna oznaczono
mierzac: indeks granulacji PSI wg Williamsa i Soberinga [9], twardos¢
pojedynczych ziarniakéw - stosujac test Sciskania przy pomocy UMT Instron 4301
[6], zawarto§¢ biatka metoda Kiejdahla, liczbe sedymentacji wg Zeleny ego
(PN-93/A-74019), liczb¢ opadania wg Hagberga-Pertena (ICC Standard No. 107).
Stopien uszkodzenia skrobi oznaczono zmodyfikowana metodg Barnesa [1]. Cechy
reologiczne ciasta wyznaczono stosujac komor¢ ekstruzyjng OTMS o powierzchni

przekroju 50cm® i dnie perforowanym. Tiok komory umocowany byl w glowicy
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UMT Instron 4301. Ciasto wytlaczano z predkoscia S0mm/min. Uzyskana krzywa
wytlaczania analizowano uzywajac oprogramowania Instron IX Series ver. 5.02. Do
charakterystycznych punktéw krzywej nalezaly: pakowno$é, zwieztosé, spoistosé
ciasta, maksymalna sita wytlaczania oraz energia wytlaczania ciasta [4,6].
Wiasciwosci wiskozymetryczne maki okreslano za pomoca amylografu Brabendera

z elektroniczna kontrola temperatury wg ICC Standard No.126.

Omowienie i dyskusja wynikéw

Cechy geometryczne ziarna

Whasciwosci cieplne i higroskopijne ziarna zb6z sa cecha gatunkows. Zaleza
takze od sktadu chemicznego, wielkosci ziarniakéw i innych sktadnikéw masy
zbozowej oraz wielkosci przestrzeni migdzyziarnowych. Wielko$é ziarniakéw zboz
oddzialywuje na intensywnos¢ samosortowania ziarma w czasie zasypywania
komory [7, 8]. Wyznaczone cechy geometryczne ziarna pszenicy warstwy gorne;j i
dolnej wskazywaty na szereg réznic. Ziarniaki warstwy dolnej charakteryzowaly sie
wigkszymi wymiarami, a réznice te byly najwigksze dla frakcji stanowiacych
przesiew przez sito 2,5 x 25mm (tab.1). W warstwach gémej i dolnej badanej
komory r6ézny byl udziat procentowy ziamiakéw o okreSlonych wymiarach. W
warstwie gornej malal udziat ziama stanowiacego zlot i przesiew przez sito 2,5 x
25mm (tab.3). Badana komora byla zasypana ziarnem pszenicy stanowiacym
mieszaning dwdch nieznanych odmian r6znigcych sie barwa. Cechy geometryczne
ziarniakéw biatlych byly wyraznie mniejsze w poréwnaniu z ziarniakami
czerwonymi (tab.2). Réznice w cechach geometrycznych badanych ziarniakéw
dotyczyly dlugosci oraz wspotczynnika ksztaltu W,

Charakterystyka cech geometrycznych ziarna pszenicy warstwy goérmnej i
dolnej, w ukladzie badanego eksperymentu moze sugerowaé wystepowanie

wigkszych réznic w cechach geometrycznych w centralnych warstwach komory
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przylegajacych do $cian bocznych. Czy moze mie¢ to wplyw na intensywnos$é
procesOw metabolicznych oraz niezawodno$¢ instalacji i dokladno$é pomiaru
temperatury trudno jednoznacznie stwierdzi¢ na podstawie tych badan. Nie mniej
jednak, wyniki tych badan sygnalizuja niejednorodno$¢ cech geometrycznych
szczegOlnie waznych w przypadku zasypywania ziarna, ktére jest mieszaning

odmian.

Jakosé technologiczna ziarna

O wartosci przemiatowej ziarna dwoch badanych warstw informujg takie
cechy, jak twardos$¢ i1 stopien uszkodzenia skrobi. Twardo$¢ ziarniakow mierzona
zardbwno wytrzymaloscia na $ciskanie jak i stopieniem rozdrobnienia (PSI) w
wigkszym stopniu zalezala od wymiaréw/cech geometrycznych ziarna niz miejsca
pobierania proby (tab.4). Im mniejsze byly wymiary ziarniakoéw tym mniejsza byta
sita odksztalcenia niesprezystego. Natomiast warstwa gérna/ dolna w komorze w
duzym stopniu zmienita wazng w miynarstwie ceche maki tj. stopien
mechanicznego uszkodzenia skrobi, ktéry byt wigkszy dla frakcji 2, warstwy gorne;j
(tab.4). Z kolei, wéréd wyroznikow technologicznych informujacych o wartosci
wypiekowej maki charakterystyczna byla nizsza zawarto$¢ biatka w ziarnie
warstwy dolnej w poréwnaniu z warstwa gorng, niezaleznie od cech
geometrycznych ziarna. Natomiast obliczony wspolczynnik A, potwierdza opisang
przez Kubiaka i Fornal [5] zalezno§¢ o wigkszej koncentracji biatka na jednostke
powierzchni przekroju poprzecznego w ziarnie o malejacych wymiarach
geometrycznych (tab.5). Zréznicowana zawarto$¢ biatka w ziarnie warstwy gormej 1
dolnej uzasadniala rowniez wyrazne réznice w liczbie sedymentacji oraz w liczbie
opadania (tab.5).

Roéznice w jakosci technologicznej ziarna pszenicy warstwy gomej i1 dolnej
potwierdzity wyniki badan wlasciwosci fizykochemicznych skrobi 1 cech

reologicznych ciasta (tab.6). Skrobia =ziarna pszenicy warstwy gorme;j
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charakteryzowala si¢ wyraznie nizszg lepko$cia w temperaturze kleikowania w
porownaniu z warstwa dolng. Wykazano rowniez, ze lepkos¢ ta zalezy od cech
geometrycznych ziarmna. Podobnie takie cechy reologiczne ciasta, jak spoisto$é,
maksymalna sita wytlaczania 1 energia wytlaczania byly wyzsze dla ciasta z maki
otrzymanej z ziarniakdw warstwy gornej (tab.6). Wielkosci te réznicowata wielkosé
ziarna. Je$li cechy amylograficzne maki taczy¢ z mniejsza zawarto$cig biatka w
ziarie warstwy dolnej to cechy reologiczne ciasta sa w wigkszym stopniu zwigzane

z wyzszg zawarto$cia biatka 1 liczbg sedymentacji ziarna warstwy gormne;.

Podsumowanie

Wyniki badan wykazaly, ze jakkolwiek ziarno warstwy goémej 1 dolnej
badanej komory rézni si¢ cechami geometrycznymi, twardoscia, jakoscia
technologiczng i warto$cia wypiekowa, to przy stalej 1 niskiej temperaturze
przechowywania spelnia wymogi ziarna pszenicy do przetwoérstwa. Jednak opisane
zwiazki potwierdzaja, jak zltozonym procesem inzynieryjnym jest zasyp ziarna i
wynikajace z tego skutki w projektowaniu instalacji do ciagtego pomiaru
temperatury.
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Tabela 1. Srednie wielko$ci cech geometrycznych

Wymiar Frakcja 1 Frakcja 2 Frakcja 3
dél - géra komory —» 4 T N T N T
dlugos¢ [mm] 7.40 7.26 7.26 6.96 6.93 6.52
szeroko$¢ [mm] 4.66 4.65 4.36 4.27 4.15 4.02
obwdéd O [mm] 28.23 27.26 27.39 26.43 2.80 24.69
pole pow. P [mm?®] | 23.90 23.50 21.62 20.43 18.54 17.38
W = P/O’ 0.030 | 0.030 | 0029 | 0.029 | 0.028 | 0.028

frakcja 1 - zlot z sita 3.2 x 25mm

frakcja 2 - zlot z sita 2.5 x 25mm

frakcja 3 - przesiew zsita 2.5 x 25mm

Tabela 2. Srednie wielko$ci cech geometrycznych ziarniakow

czerwonych i bialych

Wymiar Préba losowa
biale mieszanina czerwone
dlugos¢ [mm] 6.72 7.04 _ 7,.5
szerokosé [mm] 4.19 427 4.38
obwéd O[mm] 25.61 26.72 27.44
pole pow. P [mm’] 19.42 20.81 21.63
W =P/O? 0.029 0.029 0.028




Tabela 3. Udzial [%] poszczeg6lnych frakeji

Warstwa Frakcja 1 Frakcja 2 Frakcja 3
warstwa dolna 41.55 33.47 23.93
warstwa gérna 55.24 27.33 17.34
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Tabela 4. Jako$§¢ technologiczna ziarna - cechy wytrzymaloS$ciowe

Stopien
) uszkodzenia
Material Rodzaj | Wilgotno$é | Twardos¢ | PSI (14%)
skrobi
proby o ziarniaka - [%]
[ o] [N] [mg glukozy/1g
maki]
mieszanina 13.22 91.60 49.65 62
ziarno pszenicy | frakcja 1 13.60 104.10 47.78 85
warstwa gorna | frakcja 2 13.30 97.80 4428 95
frakcja 3 13.22 86.60 46.53 75
mieszanina 13.09 99.60 50.51 72
ziarno pszenicy | frakcja 1 13.05 104.00 51.70 55
warstwa dolna | frakcja 2 12.96 90.40 47.47 53
frakcja 3 12.96 91.40 48.01 75
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Tabela 5. Jako$¢ technologiczna ziarna - frakcja bialkowa

Pow. Zawartos§é Wsp. A Liczba Liczba
ziarna P bialka B sedy- opadania
Material Rodzaj 5 P/B ..
[mm?) mentacji [s]
badan proby [% s.m.] 3
[cm’]
mieszanina 12.25 0.60 33 248
mieszanina frakcja 1 23.50 12.20 0.52 37 311
warstwa gérna | frakcja 2 20.43 12.08 0.59 33 308
frakcja 3 17.38 12.03 0.69 32 253
mieszanina 10.49 0.49 19 332
mieszanina frakcja 1 23.90 10.37 0.43 20 316
warstwa dolna | frakcja 2 21.62 10.03 0.46 24 334
frakcja 3 18.54 10.54 0.57 21 272
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Tabela 6. Jako$¢ technologiczna ziarna - charakterystyka

amylograficzna maKki i cechy reologiczne ciasta

Ocena amylograficzna Cechy reologiczne ciasta
Material | Rodzaj | Lepko$¢ Tk Tw | Pakow- | Zwiezlo§¢ | Spoistos¢ | Maks. sila | Energia
badan préby N max [mm] Fw wytlacza- | wytla-
[N] nia Fy,y czania

j.-B. mm

0-5J fmin} N | E. W)
mieszanina 245 56 74 17.00 75 610 850 27.60
pszenicy |frakcjal| 470 57 84 18.50 52 380 520 15.04
T frakcja2 | 447 56 83 18.20 41 462 462 13.86
w. gbrna |frakcja3| 232 57 71 20.00 55 420 570 15.73
mieszanina 487 57 83 20.00 40 290 430 11.16
pszenicy |frakcjal| 500 57 84 22.00 52 500 840 2141
y frakcja2| 440 57 82 21.00 46 350 557 14.48
w. dolna |frakcja3| 690 57 86 23.50 50 355 490 11.92
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COMPUTER SYSTEM FOR THERMAL MEASUREMENT
WITH OPTOELECTRONIC SENSORS IN GRAIN ELEVATORS

Andrzej Kobosko
Industrial Research Institute for Automation & Measurements, Warsaw,
Poland

Abstract: In the paper the results of our experiments with noncontact temperature
measurement - radiation temperature measurement in mass grain will be presented. On the
basis of this experience thermal processes in the grain storages will be analysed. We propose the
new type heavy duty temperature cables for the silos and elevators with classic and
optoelectronic sensors.We present the new systems of control and measurements sensors. This
system give also the better prevention against a hazardous increase in temperature as well as
agamst the explosion in the elevator chamber.

Keywords: Thermal distribution, storage monitoring system, Optoelectronic device and
Sensors

1. INTRODUCTION
Monitoring systems for foods and grain products are controlling microclimate and these

products during storage time. In grain and foods there occur metabolic processes under
storage conditions. This lead to generation of thermal energy, increase in temperature, change
of humidity and concentration of emission of CO, CO; , ethanol vapour and others. Intensity
of this process depends on the increase in the loss of storage materials which are exponential
function of temperature increment ( above 60-70°C). In extremely noncontrolled conditions
the explosion of the silo or elevator chamber can happen. Statistically explosion in storages
occurs once a year on the European scale.

The second cause of explosion in storages are hazardous areas which depending on the of
technological process especially during grain loading and unloading. During this process the
flammable atmosphere is more susceptible to electrical sparking. All the electrical equipment
working in this flammable atmosphere must meet requirements for Intrinsically Safe Circuit.

Efficient Monitoring Systems are to prevent uncontrolled situation and their operation
cannot be the cause of the accident. New optoelectronic technique decreases explosion danger
but it does not eliminated completely. Laser and fiber cables will be also analyse of for
increasing intrinsically safety.

In this report we present new temperature cables which are a block of the monitoring
system and the results of infrared measuring of temperature field in grain mass.

2. MONITORING SYSTEM
In grain, fruit and vegetables monitoring systems are controllng a few basic parameters:

temperature, humidity, level of prism (loading) and microclimate inside storage builds.
Temperature cables with multisensors are very specific especially designed for this system.
Length range of these cables are from few metres up to several for heavy duty temperature
cables. Signal from temperature cables flow to Data Acquisition Modules (fig.1). For one cable

X1V IMEKO WORLD CONGRESS, TAMPERE, FINLAND, 1997
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with 8 sensors we use eight analogue input modules with digital output through an RS - 485
interface from the host computer in the central unit. From RS -485 network through RS 485/
RS 232 converter can be connected to the host computer type IBM PC/AT or compatible.

EXPLOSIVE ATMOSPHERES . . NON-FLAMMABLE ATMOSPHERES
temperature I——— :
: : : Alarm I
humidity : : 1
} VD : | RS485/RS232

RS 485

CO,CO, § VD
1 Archives

Sensors Data Acquisition? Line:E Central Unit

Fig.1. Schematic block diagram for Monitoring System

Alarm functions are set up on the alarm block for example in case of exceeding temperature
limits. This temperature value depends on technology procedure. Similarly, we can set up
temperature increment value, humidity limits etc. Actual values and alarm set up will be
archived in Central Units during real time and stored technology period.

Monitoring systems will be cooperative with automatic control systems which mixes air flow,
and other factors to receive optimal ventilation conditions. '

3. HEAVY DUTY TEMPERATURE CABLES
Temperature flow from temperature source in the grain mass to cable sensors is presented in
fig.2., it depend on a few barriers to temperature gradients.

tefmperaufxie
: cable::

probe :

distance from source

Fig.2. Temperature flow from grain to cable sensor
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Total accuracy of the temperature cable is a sum partial errors. Heat from source flows into
the mass grain by touch, convection and radiation The last two components depend on
molecular air in the grain area. Temperature decreases across cable layers reaches T; .. In effect,
the sensor temperature is below the source temperature. We know about it, but up to date, we
do not know better measuring methods in the grain mass [2].

Heavy duty temperature cables must fulfil a few requirements, sometime in the opposite
meaning. They are, first of all, metrological parameters and mechanical strength ( fig. 3).

METROLOGIC

PRECISION

INTRINSIC NON-TOXIC
HEAVY DUTY CASING

3to 16 mm GTH
p—— up to 60 m

MECHANICAL
STRENGTH

Fig.3. Design process of creative Temperature Cables

Protective coating of this temperature cable must be non-toxic because the storage contains
food products. Mechanical load of these cables is a proportional function its diameter:

L= k@,ll
n
where: L - load, k - proportional coefficient, @, - outer diameter, n - coefficient of friction,

[ - distance from radial position the cable in a bin,

Proporticnal coefficient reproduces static and dynamic loads. In our research we obtained-the - -

dynamic load about ten times higher than the static load. Therefore the temperature cable must
withstand a mechanical load, but it determine its dimension. If this dimension increases due to
mechanical strength, speed of temperature flow reduce on these cables and metrological
parameters are lower. We are aiming at sensor miniaturisation for the same reason.

The third problem is the electrical safety of these cables especially their intrinsic safety. Under
the loading and unloading of the silo (bin) electrostatic charges on cable surface are generated.
If we do not unload efficacious this electric charge, the explosion may occur in flammable
atmosphere. Concentration of grain dust for one percentage value of humidity under storage

is show in Table 1.
Table 1. Concentration of grain dust for 13% humidity

wheat rye maze
Concentration [mg/m’} 2 500 2900 19 700
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Electrostatic charge Q. depends on the cable structure of materials, outer surface, coefficient
of frictional (grain-cable) and grain speed during loading and unloading according to the
following equation:

Q« =kq.@./uv
where: k - proportional coefficient, q, - elementary charge, / - distance above grain level,
v - grain speed under load,

In the monitoring system only temperature cables are working in the flammable atmosphere.
Other blocks are in the normal atmosphere. The intrinsic safety criteria can be assured by:
* Zener Barriers

* Intrinsically safe temperature cable construction

The first method used for a smaller monitoring system, in bigger system spec1al constructions
are better from economic point of view.

Fig. 4 shows the results of testing thermal inertia for two temperature cables: one type heavy
duty and second type medium duty (smaller diameter). Qur research result were obtained on

noncontact thermometer.

T°Cl
40°C
A
HD 40°C
T
11 mim >
T‘r
MD
—>

Fig.4. Type and accuracy of temperature cables

We measure cable sensor response time for rapidly increasing temperature: 0 to 40°C.

Temperature source is a one meter cylinder inside sample of the cable. From analysed
response time we obtained interesting results. Response time increase for small diameters and
vice versa [2]. It depends on the structure of these cables. For heavy duty cables the response
time is short because two layers are steel wires and the flow of temperature is easy, but the
temperatures measured are below the real value. It is the result of influence of thermal inertia

on these wires.
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4. MEASUREMENT IN INFRARED AREA

We used noncontact thermometers for two applications:
* to define the optimal measurement temperature method in grain mass,
% to design temperature fiber optic cables during the research process

Fig.4. Temperature distribution of grain bin

For the first point we measure temperature by portable infrared thermometer with precision
laser aiming with Data-Temp. software from PC. By this measurement we reported thermal
distribution analysis in grain steel bin (fig.4). We can test temperature field from a few types of
source and we observed change of thermal line guidance near the bin side and bottom and
upper levels of grain. Based on this research we can determine to spacing points of sensors in
grain mass. This points constitute the distance between sensors in one cable. This distance is
different as compared to the prevailing measure standards.

On these infrared thermometers we also determine the response time for a few cables (fig.3).

The idea of temperature measurement on fiber cables are base on Raman's theory [ 3].
Recently, the optoelectronic method has been confirmed in medicine as well as in industrial
application [1,4]. Fig.6 shows probe of fiber optic cable with an example of one temperature

fiber sensor.

sensor

caMe l!%!h Zau farde femperature scael Bve 21{

W@Mﬂ |

bousl

In comparison with classic heavy duty

temperature fiber cables has a lower dimension

ﬁbi:.mble (8mm) and the same applies to the load (suffice
30 kN instead 80kN). The intrinsic safety is being

--------- tested now and then it will be tested during

: normal exploitation.

Fig.6. Temperature fiber-cable
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MONITORING OF THERMAL PROCESSES
IN GRAIN STORAGES

Andrzej Kobosko

Industrial Research Institute for Automation & Measurements
Al. Jerozolimskie 202, 02-486 Warszawa

Abstract The metabolic processes in grain
storages cause heat generation.The monitoring of
temperature and other parameters is aimed at their
control and prevention against the exceeding of
maximum values. The exceeding of temperature
limit in the grain storage is harmful to grain and
may cause the explosion in the elevator chamber.
In the paper the measurement methods using the
elastic temperature cables have been presented.
The directions of the further development of the
measurement systems have also been outlined.

Key wo rd s:grain storage, thermal processes
in grain, methods of temperature measurement.

1. INTRODUCTION

The metabolic processes occurring in
grain mass durng storage cause the
absorption of oxygen from the atmosphere,
emission of CO, as well as release of many
other substances. During anaerobic
respiration these will include ethanol, lactic
acid, aldehyd etc. These processes release
some thermal energy due to the breaking of
the carbon chain during the combustion of
sugar or fat as well as the release of CO,
and H;O. This leads to physico-chemical
changes and the loss of dry grain mass
defined ‘as the natural loss characterising
the quantity losses in grain. The intensity of
metabolic processes is determined by the
respiration energy which depends on grain
humidity and temperature. The respiration
energy increases as the function of
temperature and moisture (humidity). In
some intervals this is an intensive
exponential increase (Fig.1). Above 20°C
and moisture exceeding 14% each
temperature increment by 10°C, the amount
of CO; and the related loss in dry grain

mass increases by the order of magnitude.
In the temperature interval 30°C to 40°C
the emission of CO, and the generation of
thermal energy increase even more.

The FAO report [5] includes the chart of

temperature and moisture as well as their
impact on the processes occurring in the
stored grain. The best storage conditions
occur in the ranges of temperature below
20°C and humidity lesser than 16% (zone 1
in Fig. 2.) The increase of temperature and
humidity also favours the growth of
microbes, bacteria etc. which by themselves
may generate thermal energy and may also
contribute to bad quality of grain and its
germination power as well as losses in grain
storages. They also depend on the time of
grain storage at given parameters of
humidity and temperature. In the short time
of storage these conditions may be much
more rigorous. The author’s study [2]
shows that short-term storage of grain mass
with higher moisture and temperature is
possible, but this cannot be the case for the
periods of several weeks or months. The
best storage conditions occur in the range
of temperature below 20°C and moisture
lower than 6% (zone 1 in Fig. 1).
Higher temperatures and moisture lead to
the development of a number of other
processes which result in disadvantageous
phenomena in grain mass and in decreasing
its utility value. The research in the
experimental chamber of a typical grain
elevator [3] on the intensity of metabolic
processes comprised also chromatographic
research.
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Grain respiration energy [mg CO/kglx1000
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Temperature [*C}

Fig. 1. Influence of temperature on the energy of
rye grain respiration with moisture: S1 =
12.8%, S2 = 16.9%, S3 = 19.8% after [1]

Samples were taken from the lower and
upper layer of the prism (Fig. 3) having the
same temperature.

‘Temperature |°C|
404
Lquilibrium relative humidity [%4]
33 63 73 83 93

Moisture [%]

Fig. 2. Values of temperature, relative humidity
and moisture content for safe storage, insect
and fungal heating and fall in germination
1. Safe

2. Insect heating

3. Fall in germination

4. Fungal heating

A. Lower limit for insect heating

B. Lower limit for germination

C. Lower limit for fungal heating From [5]

In the lower layer, having poor natural
aeration, the number of micro-organisms
was much lower than in the upper layer in
which moisture was higher. In the
temperatures lower than 10°C the number
of micro-organisms decreased. In the
present paper only the methods of
temperature measurement were presented,
since they are specially important in the
industrial grain storage and are most
frequently used to control metabolic
processes.

2. TEMPERATURE DISTRIBUTION IN
GRAIN MASS

Metabolic processes occur in the whole
grain mass but due to heterogeneity of
grain (impurities, moisture etc.) there are
the areas of considerably higher
temperature than that of the surrounding
layers. Such areas, called sources of self-
heating, reach higher temperatures due to
poor carrying away of heat from the grain.
Thermal conductivity of grain is very low
and can be compared to that of asbestos,
which is considered as a perfect insulator.
When studying temperature distribution in
grain mass, zones of hazardous temperature
increments can be found; if the limits of
temperature values are exceeded
appropriate technological measures can be
applied. The purpose of analytical research
started by Sergunow [4] was to determine
temperature distribution caused by the
sources of local self-heating with model
geometrical shapes: plane of the sphere and
cylinder. Differences in the courses
appeared to be small and that is why the
simulation experiments focused on plane
sources. The increase of temperature from
such a source can be observed in the
distance of up to + 1.5 m. (Fig. 4). Three
days after the appearance of the source,
temperature increase is insignificant, but
already after 8 days grain temperature in
this area may reach 50°C and its further
increase becomes hazardous. That is why
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A. candidus {

fungus - generality [
A. glaucus
bacteria

Fig. 3. Surface infection of wheat grain with
moisture: 14% - for a sample from the lower
layer of the prism and 16.5% - for a sample
from the upper layer, stored at 10°C

temperature 1s needed by use of tempera-
ture sensors distributed in grain mass.

3. MONITORING SYSTEM

In grain storages the monitoring system
»SM” permits a control of the following
parameters: temperature and moisture of
grain and degree of loading (filling of the
elevator chamber). In addition,
measurements of microclimate as well as
atmospheric parameters (outside, inside the
storage) are made. This is of special
importance in case of enforced ventilation.

For most of the measurements universal
sensors and industrial converters are used
(Fig. 5). Temperature measurements inside
grain mass are made by use of specialist
multi-sensors measuring temperature cables
resembling power cables.

In chambers where temperature cables are
placed there is a high concentration of
grain dust. Thus, the explosive atmosphere
arises.

Boundary  values of grain  dust
concentration, moisture being 13%, for
wheat, rice and corn amount to 2500,
29000 and 19 000mg/m’.

In constructing the elements SM,
especially temperature cables and sensors,
in addition to many requirements regarding
metrological parameters that must (fe met,
Due to the danger of fire, conditions of
sparking safety and of electromagnetic
compatibility are very important.
Compeatibility is understood as the ability to
work correctly in the presence of
undesirable  electromagnetic  radiation
emitted, for example, by drives and other
electromechanical devices.

The signals from the sensors are carried to
signal concentrators and then transmitted
by line RS 485 to the distant central part in
which on the monitor measurement points
can be found and the values of parameters
can be read. In addition to the
measurement of the temperature itself]
temperature increments should be known
for one day or one week. The system
ensures the measurement even from several
thousand measuring points. It is also
important to have the transmission line
composed of four cables, which facilitates
the installation and servicing of SM. The
application of the line RS 485 permits the
use in SM of a number of other devices,
sensors and converters which have an
appropriate output. The system can be
served by one computer set.

Due to development of light-pipe computer
networks inside the grain processing plants,
1.e. the elevator, mill and other storages and
technological devices, the system may also
be connected to this network. This will
permit an observation of the results of
measurement  practically from every
computer connected to the network,
irrespective  of the location of the
supervision site in the elevator.

4. ELASTIC TEMPERATURE CABLES

In the elevator chambers and in storage
bins two types of the multi-sensors
temperature measuring cables are placed:
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Fig. 4. The shape of temperature field in grain mass caused by the source in the base plane
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Fig. 5. Diagram of blocks of the monitoring system SM



HD - heavy duty temperature cables, used
in horizontal storages (elevators), and MD -
medium duty temperature cables, used in
vertical storages (bins, flat storages).

The HD cables have 16 mm in diameter
and mechanical resistance to breaking up to
90 kN.

Initially, according to the international
standards [6], the value of resistance equal
to 30 kN was recommended, and in the
recent edition the standards were raised to
reach 50 kN. In Poland, the temperature
cables are made according to the original
solution [7] of 1979 and designed for loads
of 30 kN, according to the first edition of
the standard.

We also have a more recent construction
of the cable with higher mechanical
resistance sustaining a load of 80 kN, which
has been undergoing long-lasting operation
tests (Fig. 6). The cable consists of a jacket
into which the core is put consisting of very
small sensors of temperature and
connecting cables.

The jacket was made by winding around
the high-pressure polyethylene pipe two
braids made of steel wires with increased
mechanical resistance. The direction of the
winding of the layers of the braid is push-
pull so that the twisting forces could be
compensated.

The external surface of the jacket is the
polyethylene casing, which is non-toxic for
the grain.

The structure of this cable permits the
installation of the jacket itself in the
elevator and then the inserting and pulling
out of the core. This facilitates the
exchange of the damaged sensor,
calibration of the measurement system etc.
The heads of the cables are placed in the
opcnings of the ceilings over the chambers.
The ceilings must thus have appropriate
mechanical strength, and in the bins in
which the ceilings were not designed for
placing the cables, an additional sustaining
construction is used. The temperature
cables may also be anchored by use of

elastic ropes in the lower part of the
chamber.

cable head

m 2-sec‘ond_ layer
e 1ot i

of wire

tip

Fig. 6. The HD temperature cable

The MD cable used in the storage bins
having 10 mm in diameter and mechanical
resistance up to 10 kN is shown in Fig. 7. It
1s equipped with several sensors. The cable
is not dismountable.

sensor

polyethylen pipe /

i
i
]
Fig.7. MD temperature cable

The construction of the cables has been
tested during long-lasting operation in
storage bins containing cocoa flour as well
as in grain storage bins.

The construction of elastic cables must
meet a number of specific requirements
shown in Fig. 8. In addition to relevant
small diameter and high mechanical
resistance, it should be nontoxic for grain.
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Fig.8. Requirements for elastic temperature cables

4.1. Mechanical loading of temperature
cables

A loading caused by the friction force
due to grain load in the elevator chamber
or storage bin is applied to the cables. The
friction force depends on the external
surface of the cable shell, i.e. also on its
diameter. The smaller the diameter, the
lesser is the influence on the cable and on
the ceiling to which the temperature cable
is attached. In addition to the static load,
also the dynamic load occurs. The latter is
many times higher than the former. It
occurs, for example, during the unblocking
of plugged grain when it is loaded or
during the unloading of the chamber. Due
to this dynamic load, the cables have an

»armoured” structure. The static load
amounts to:
1
L=ke,—1/
1l
L - load {kN],

k - coefficient of proportionality [kN/m?],
&, - external diameter [m],
U - coefficient of friction,

! - distance from the centre of symmetry [m]

load [kN]

T3
©

n
N

(o]
-4 ©

~—

[=]

e &

distance of grain leve! [m]

Fig..9. The loading of cables for various levels
of grain:
1 - during loading (cable MD),
2 -during unloading (cable MD)
3 -during loading (cable HD)
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The test of static load was under normal
condition inworking elevator (Fig. 9) for
two types of temperature cables: HD and
MD.

Greater loads are applied to HD cables than
to MD cables due to their bigger diameter.
There are also differences in the load of
MD cables during the loading and
unloading of grain.

The place of hanging of the cable also
affects the breaking forces applied to it.
The closer the walls of the storage bins the
higher 1s the load applied to the cable, as it
is shown in Fig. 10. It is recommended to
place the cable near the axis of the bin.

. D

loading of cable [kN]

12D 18D 14D D
distance from the axis of symetry [D]

Fig. 10. The place of the hanging of the cables and
the static load in the distance from the axis

The tests of dynamic loads are still being
conducted. The preliminary results show
that these loads are higher by the order of
magnitude than static loads.

4.2. The tests on temperature inertia of the
temperature cables

Afler the placing of the cable in the grain
with a given temperature, the values of

measurements from the temperature
sensors (resistance, current), rise to reach
the set value representing the measured
temperature. The time of the reaching of
the set value depends on thermal inertia of
the cable. Heat from the thermal source
flows by way of convection and radiation
and penetrates the cable sensor (Fig. 11)
with time delay. On the way of thermal
current there are barriers due to the
construction of the cable. The total error
consists of the sum of partial errors
resulting from the existence of these
barriers. It can be reduced by using values
of temperature increments in a unit of time.

1; 1213 1y

sensor

cable
distance from the source

Fig. 11. The fall of temperature between the
source and the cable sensor

According to the international standards
[4], the time of the attainment of the set
temperature by the cables should not
exceed 3 minutes. The tests were
conducted for cables HD and MD. The
non-contact thermometer working in the
infrared range was used. The answer of the
sensors of the cables to a unit temperature
jump is shown in Fig. 10. The inertia of the
cable with a small diameter MD (¢ = 10
mm) is by far bigger than that of the cable
HD (® = 16 mm). The cable HD records
the measured temperature within a shorter
time, but the error caused by the integrating
effect of the steel layers in the cable jacket
is greater [3]. The time set for these cables
turned to be much longer than that
provided by the international standards.
They may only be met in probes used in
flat storages. Comparative studies of the
cables of several European manufacturers
confirmed our tests and findings about the
impossibility of reaching low times.
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Fig..12. Results of the tepmerature cable sensor
in response to a unit temperature jump

This is the effect of the assumed
mechanical resistance of the temperature
cables. As regards these requirements, the
standards should be corrected.

The infrared tests were made on the
model of a steel bin filled with grain, in
which the heat source is replaced by
ceramic thin-shell heating plane. The
course of isothermal lines of temperature
field is shown in Fig. 13. Knowledge of
these lines will allow us to find a more
precise distribution of the temperature
sensors. Changes in the course of the field
occur more frequently near the side walls of
the bin as well as in the space above the
prism. On this basis it is difficult to find out
a common rule of designing measuring
points for food grain storages due to
differences in the structure of the particular
bins or elevator chambers. One can,
however, recommend noncontact research
in designing measuring systems for these
storages.

4.3. The causes of electrostatic hazards
During the loading the grain flow hits
the cable thus causing the -electrostatic
charge to rise on its side surface. This
charge must
be carried off since its accumulation may
cause the spark-over and explosion in the
high-dust atmosphere. Good earthing of the
jacket is usually sufficient to neutralise it

but there are cases when the earth electrode
can be damaged.

H
‘l'emperature maxmurmn gt‘am fevel

Fig.13. The course of the temperature ficld in the
experimental bin

The value of the electrostatic charge can
be determined from the following

dependence:
Qu = kqulvie [As]
where: k - coefficient of proportionality
[s/m?],
g, - elementary charge[As],
I - distance from the prism level [m],
v - grain velocity during loading [m/s],
g - dielectric constant

The sparking safety of the cables may be
ensured by use of the Zener Barriers for the
cables having no intrinsic safety certificate
and by meeting in its construction the
requirements regarding sparking safety
confirmed by the relevant certificate.

5. RESULTS AND DISCUSSION

Theoretical courses of temperature fields
(Fig. 4) and the experimental ones
determined on the bin [2] show a large
degree of complexity of these courses.
However, we may determine with great
likelihood the spatial direction of the
temperature field as well as changes in the
shape of isotherms near the external layers
of the prism (at the side wall of the elevator
chamber, 1n the upper and lower layer of
the prism). The findings will permit a
greater precision in the methods of
temperature measurement regarding the
distribution of measuring points and

50



distribution of the temperature cable

Sensors.
The problems of elastic temperature cables

presented here are confined to the

Epecification of metrological requirementsmmnmnm inertia of shewcables:with various uses rumaim i 1

and construction limitations, especially in
the area of mechanical strength and
environmental impacts. This is aimed at
determination of the methods of designing
temperature cables and the monitoring
system with higher metrological parameters
and work reliability. The application of the
line RS 485 will ensure compatibility of the
elements of the monitoring system: sensors,
converters made by many manufacturers.

The ISO standards [6] are not very
precise, and their requirements in some
mmportant points cannot be met. This
apphes, for example, to the value of time of
readiness to start measurements by
temperature cables, which may only be
sufficient for probes used in flat storages
but not for elastic cables. In the elastic
temperature cables, the value of time should
be several times higher and dependent on
the use of the cable.

6. CONCLUSIONS

1.The ntensity of metabolically processes is
the rising function of temperature and
humidity of the products stored.
In the process of respiration thermal
energy is generated; its initial value and
its increment in the given time unit affect
quality and quantity losses in cereal
products. In the extreme cases, due to
excessive temperature increase, the
explosion may occur in the storage.
Temperature increase in the grain causes
the growth of micro-organisms, bacteria
and fungi, which may also generate
thermal energy. It will contribute to the
increase in basic (metabolic) energy of
the process.

2.The methods of temperature measure-
met using elastic temperature cables
need to have precise measuring points,
and their distribution in grain mass was
preceded by model studies on

temperature fields. The findings point to
the need for modification of the
international standards regarding the
distribution of measuring points and
(for bins, small and big elevator
chambers etc.).

. The designing of the monitoring

systems with elastic cables, of which the
examples have been shown, should take
into consideration:

differences in the inertia of sensors and
temperature cables according to their
use (HD, MD);

compatibility with various measuring
elements (converters and sensors);
increasing the mechanical strength of
the cables, the diameter being the same,
or maintaining the same mechanical
strength for lesser diameter of the
cables;

reducing the danger of explosion in the
storage caused by defective work of the
cable itself - reducing the threat of

sparking due to the electrostatic
discharge.
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The photoluminescence (PL) spectra of GaAs have been measured as a function of temperature be-
tween 2 and 280 K. Measurements have been performed on a high-quality nominally undoped sample
grown by molecular-beam epitaxy. At the lower temperatures the recombination of free excitons in the
n =1 and 2 stgtes is observed. Increasing the temperature, the interband recombination appears and
eventually dominates the PL spectra. The spectra have been successfully fitted by a spectral-line-shape
theory that considers both excitonic and band-to-band transitions. The fits demonstrate that even at the
highest temperatures a well-defined narrow peak due to the n =1 exciton is observable: its energy corre-
sponds to the energy of the maximum of the PL spectra (E,,). Hence, by adding theexciton binding en-

ergy to E,, glrg“ygluc

N = Ep

i literature.

- .' ' < - :{F

ey,

L. INTRODUCTION

The temperature dependence of the energy of the fun-
damental gap of a semiconductor is usually described by
a semiempirical relation also known as Varshni’s equa-

ool
tion:

Eq(M=Eg0)—aT?/(B+T), ] >k ()

where E;(T) is the energy gap at the temperature T and
a and (3 are constants. If 8 is assumed to be of the order
of the Debye temperature, Eq. (1) has low- and high-
temperature trends consistent with the two mechanisine
responsible for the temperature dependence of the energy
gap:' (i) the thermal dilation of the lattice that results in a
linear shift with T, which is important at high tempera-
“ures; (i) the temperature-dependent clectron-phonon
teraction, which leads to a quadratic variation of the gap
at low temperatures and (o a linear one at high tempera-
rures.
Another expression with more microscopie found.,

~tons, although still semiempirical. has been proposed

( 1
E ATV =E ' 2 |
e =L ap - . .
¢ T exp(® /1 | !
“wice Eyoand ay, are constants [ F .0 = E,
+ an average phonon frequency; m Eq. (2' the ene o

“lireshold decreases linearly in a term proportonal o,

iverage Bose-Einstein statistical factor for phonan epae
-ion and absorption. This equation has been used |
«rihe the temperature dependence of the e bang

s points of a number of group-1V and group 111\
~nductors '

“This way an accuraté detetmination of the temperature dependence of E in GaAs is obtained; val ués
for the parameters of the scmién_\glirical relatidns describing Eg(T) are found and compared with the -

of the cnergy gap (Eq) at cach temperature has been deduced from the spectra.

Pl pl ity

Fel - “t
;i REEN
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The main difference between Eq. (1) and Eq. (2) is
the low-temperature region: the quadratic depender
given in (1) is replaced in (2) by an exponential dey.
dence. The high-temperature trend, instead, is linear
both (1) and (2).

The effects of the thermal expansion and of !
electron-phonon interaction are not explicitly conside:
or separately taken into account in the two relations
and (2); therefore, the physical meaning of the paramett
appearing in them is not transparent. However, Man.
gian and Woolley* have demonstrated that the phon
contribution to the energy shift coincides with Eq.(2):
that the Varshni equation (1) can be considere
second-order approximation of Eq. (2), valid at high ¢
peratures (O /T <<1). .

As for GaAs, the most widely used® estimation
k(I is the Varshni relation (1) with the folinw
values of the constants:

. (
F(0)=(1519.210.2) meV )7
@7 (540500250300 vk b ok
I
--1204145) K . \

Pie K, (01 value has been obtamned by Sell from
T omperature exciton absorption measurements ¢ 1
A/ parameters have bheen obtuined it
Trence E 0T FE 0 00, where E AT -0
~ieV and the energy gap values refer o the 297-
emperature range, the standard deviation of the oy,
wntal data from the ftiing equation has been estir
s he some 3 meV. The agreement: between this
“ace and other Jow iomperature data previoisd.

.
Shed s good
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"Dy i analysis of the dielectric filnction meaSured -

over a wide temperature range, Lautenschlager et al?
determined the temperature dependence of the intcrband
critical points energy. In particular, between 20 and 500
K, Eg(T) can be described by the Varshni equation (1)

with parameters®
Eg(0)=(1517£4) meV ,
a=(5.510.7)X10 ‘eV/K, (4)
B=(225189) K

or by expression (2) with the parametcrs’l

Eg=(1571%£12) meV,
ap=(57+15) meV , (5)
®=(240%52) K .

The values of the parameters (3) and (4) are in reason-
able agreement. However, the uncertainties are large.
This fact can be justified if we consider that these values
are deduced from the fit of a limited number of experi-

. . .mental data’over a wide temperature region.

In this paper we.present an accurate determination of

" the diréct Znérgy gap in G‘@)’A‘sffér"tg‘mqﬂi{atur&froml to-

280 K obtained by means of photoluminescence (PL)

-'measurements. - Photqluminescente .is..very suitable to
- —study-near-band-edge transition and thus, if the quality of

the sample is high enough, it allows the detériination of

the fundamental energy gap if‘a very accurate way. The™”

measured E; values are characterized by a scattering
which is significantly lower than that of the literature
data (see, for instance, Table III of Ref. 3). Hence we
propose relations for the temperature dependence of E;
with new values of the parameters and we discuss the ca-
pability of Egs. (1) and (2) to describe the experimental

data.
II. EXPERIMENT

The photoluminescence measurements were performed
on an undoped GaAs layer 3 pm thick grown by
molecular-beam epitaxy (MBE).

The sample was mounted strain free in an exchange gas
cryostat, whose temperature can be varied between 2 and
300 K. The sample temperature was measured by an
Au:Fe vs Chromel thermocouple in good thermal contact
with the sample; the precision of the temperature deter-
mination is estimated to be £2 K; the temperature stabil-
ity during each spectrum was better than £0.5 K.

The PL was excited by a He-Ne laser; the laser power
incident at right angle on the sample surface was 0.05
mW with a laser spot diameter of ~250 um, correspend-
ing to an intensity of ~0.1 W/cm?. For T> 100 K, the
laser power has been increased to 1 mW in order to com-
pensate for the decrease of the radiative recombination
cfficiency; the laser spot diameter was correspondingly
enlarged to keep the incident power density constant.
Due to the low power density used we rule out any
significant sample heating by the laser excitation.

The PL was focused on the entrance slit of a 0.5-m Jar-

HIGH-PKECISIUN D1 EAMAUNA L IUIN UL 140 Ll i A oo s .
. 1

\

rel Ashrgrating monochromater with a 1200 greoves/mm
grating blazed for 0% pm aqd detected by a cooled GaAs
photomultiplier. The spectral band pass during the 10w
temperature (T <30 K) measurements was 0.16 nm (0.3
meV); at high temperatures it was progressively increased
up to 1.1 nm (2 meV) in order to keep a reasonable
signal-to-noise ratio despite the reduction of the PL in-
tensity. The absolute precision of the wavelength deter-
mination was 0.1 nm, corresponding to £0.2 meV.
III. RESULTS -

A PL spectrum measured at 2 K is reported in Fig. 1.
Several lines are visible. With reference to the detailed
study of Heim and Hiesinger'® we identify them as the
n =1 free-exciton recombination (line at 1515.3 meV), ex-
citons bound to neufral donor recombination (D%,X)
(line at 1514.3 meV), and recombination of excitons
bound to neutral acceptors (A% X) (strong line at 1512.6
meV). Finally, the two weak and broad peaks at 1493.0
and 1491.0 meV are attributed to free-electron—neutral-
carbon-acceptor (e,C%,) and neutral-donor—neutrai
carbon-acceptor (D% CS,) transitions, respectively. Be-
tween—the..excitonic. structures. and_the carbon:related

" recombination peaks, in the 1504.-1512-meV spectral re-

e = = SN PR

gion,_the well-known ‘“‘defecf-induced bound éxcifons”
(d,X) (Ref. 11) appear. T

- TFhespectrum in Fig. 1 is typical of a nominally. un-
doped-MBE GaAs; the-carbon-acceptor being.the.dom-

inant residual impurity; the very goog quality of the sam-

ple is proved by the appearance at+1518.2 meV of the
recombination of free excitons in the n =2 excited state
and by the linewidth of the n =1 exciton recombination
( ~0.7 meV); the splitting of the { 4% X) recombination,
which is of the order of our spectral band pass (~0.3
meV), is not resolved.

When the temperature increases, the features of the
photoluminescence  spectra  change smoothly but
significantly [see Figs. 2(a) and 2(b)]. Between2and 25K

)

=
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>
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5 n=2

5 l
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pu|

a. =50

L. H
149 150 1.51 1.52
o, " ENERGY (eV)

1°IG | Photoluminescence spectrum measured at 2 K with
an exaling power density of ~ 100 mW/cm’. The attribution of
the spectral lines to transitions involving excitons and shallow

donors and acceptors 1s indicated.



: the weakening and the disappearance of the bound exci-
’ tons recombination is observed due to thermal dissocia-
tion of the complex. In the same temperature range, the
n =2 exciton recombination increases and the band-to-
band transitions appear. The relative strength of the in-
terband recombination increases at high temperatures
and finally (T > 100 K) the interband transition become
the dominant recombination process.

In order to evaluate the relative weight of the different
recombination processes, the PL spectra have been fitted

|
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using Elliot theory.'? The luminescence intensity [p (]
is related to the absorption coefficient a£) through the
energy balance relation'?

. _ é‘/’a’)m«« -
Ip (E)=alE)f(E), (6)

where f(E) is a suitable thermal function. Using Elliot
theory, which includes excitonic effects, the absorption
coefficient'* is

e - N _

- Gaunse b«u“‘{’
font 1! A, 4 (!
2 - v
a(hw)=—ile—2-|Mt_,,|2 —13— CAE,—R —fiw)+ 3 '_13’Ab Eg—%—ﬁw
. cnomqg .. ap n22 n
e ) n — )
- w |TVR = 4,(E —#) dE ! . 7
# 2 Y& 1—exp[— 20V R/NE —Ep)]

I

%,

E,~R/n Z=E, ig'the eneigy of the'nth c:ltclted state of
sthe fr& cxtiton.  The conpitical factor"C'is di€to-theas-
- “Fsumption -of @ different rclaxation mechariisnFbetween
the n =1 exciton and the other high index excitons or
free carriers.” The functions 4, (E) and 4,(E) account

. for a broadening of the states through a suitable function
{e.g., a Gaussian function or a Lorentzian one). In the
limit of nondegenerate carrier density, the thermal func-
tion f (E) is approximated by a Boltzmann function.

A least-squares fit of Ipy (E) to the experimental data
has been made for different spectra between 22 and 280
K. A Gaussian broadening has been assumed; the use of
a Lorentzian broadening results in identical values of the
fitting parameters but in larger X values. Five fitting pa-
rameters have been used: () I, in A,(E), which
represents the broadening of the » =1 excitonic state; (ii)
I, in A,(E), which represents the broadening of the
high-index excitons and of the continuum states; (iii) the
empirical factor C; (iv) the total luminescence intensity;
and (v) the band-gap energy Eg.

The exciton binding energy (R) is not a fitting parame-
ter, but has been calculated in the hydrogenic effective-
mass approximation, which is known to hold for GaAs.'®
The low-temperature values of the effective masses and of

_the dielectric constants have been taken from Ref. 17; an
estimation of their high-temperature values is proposed
in Ref. 5, together with the temperature dependence of
the electron effective mass m. and of the electric con-
stant. Detailed information on the temperature depen-
dence of the hole masses is lacking in the literature and
we assumed a linear interpolation between the low- and
high-temperature values. This approximation cannot
significantly influence the value of the reduced exciton
mass, due (o the smaliness of the electron effective mass
with respect to the hole masses.

Some fits are reported in Fig. 3. For T =22 K the
n =1 exciton transition dominates the spectrum. Transi-
tons associated with higher-index excitons are visible as

.
i

i

a scpatated peak at about 1518 meV  The contribution of .

—

the band-to-band: rc&ohlb}nation appears as a high-energy
tail. #The low—cﬁépgyﬁaii%ﬁthe n =1 exciton peak is not
very=well-reproduced-by-our-fit, which tends.to.overesti-
mate the broadening of the n =1 exciton state. This is
due to the use of a Gaussian function for the low-
temperature broadening; a Lorentzian function gives
better results in this temperature range. This problem is
no more present at higher temperatures, as indicated by
the T=111 and 280 K results. For T=111 K, thermal
population of high-energy states occurs and the relative
intensity of the band-to-band and exciton transition is
now comparable. The excitonic transitions (n =1 and
higher-index excitons) have merged in a single wide band
due to the thermal broadening of the excitonic states.
For T =280 K the free-carrier contribution to the photo-
luminescence dominates the spectrum. However, the
peak position is still determined by the excitonic transi-
tions due to their smaller linewidth with respect to that
of the broad band-to-band line. In general, our calcula-
tions justify a posteriori our assertion of no laser-induced
thermal heating. In fact, the fit of the high-energy tail of
the free-carrier band, which is due to the interband
thermalization, is pretty good. —

The fits, as mentioned before, show that, for our sam-
ple, even at the highest temperatures a well-defined peak
due to the n =1 exciton is observable: its energy corre-
spond to the energy of the maximum of the PL spectrum
(see Fig. 3). This fact allows a straightforward evaluation
of the band-gap energy at each lemperature: we simply
add to the peak energy of each spectrum the value of R
calculated at the corresponding temperature. The values
of the energy gap obtained this way are reported as a
function of the temperature in Fig. 4, together with the
errors on T and on E;. These errors are three times the
standard deviations deduced from the accuracy of the ex-
periment. The error in the band-gap energy includes, to-
gether with the sources of error discussed in Sec. II, the
uncertamty regarding the determnation of the peak ener-
gy Also the exciton Rydberg hears some uncertainty.
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FIG. 2. (a) Photoluminescence spectra measured at different
temperatures with an exciting power density of ~100 mW/cm”.
The recombinations of the n =1 exciton (n = 1), of the high in-
dex excitons (n > 1), and of free carrier (b —b) are indicated on
the spectrum measured at T=50 K. (b) Photoluminescence
spectra measured at different temperatures with an exciting
power density of ~ 100 mW/em?.

which is impossible to evaluate: indeed any information
on the errors and on the temperature dependence of the
hole masses is lacking. However, the impossibility 1o es-
timate the uncertainty on R is not important. duc to the
smallness of the Rydberg (3-4 meV)

1V. DISCUSSION

The data in Fig. 4 have been fitted with both relations
(1) and (2). The fitting paramcters are reported in Table

55

HIGH-PRECISION DETERMINATION OF THE TEMPERATURE. ..

1 i | |

A e L1
.40 144 148 152
ENERGY (eV)

_ PLINTENSITY (arb.units)

— PL INTENSITY(arb.units)

.48 150 152 154
- ENERGY (eV)
s T '
- § -
£
)
e
. @9
- -
1w
- -
Z
-
oy
1510 1515 1520 1.525
ENERGY (eV)

FIG. 3. Line-shape fits (thick lines) to the photoluminescence
spectra of GaAs (dots) at various temperatures. The thin
dashed lines and the thin solid lincs indicate the excitonic and
the free-carriers contribution to the total photoluminescence in-
tensity, respectively. The parameters used in the fits are the fol-
lowing. For T=22 K: ', =22 meV, [,=2.1 meV, C=0.21,
and E;=1519.1 meV; for T=111 K: ', =4.5 meV, I';=5.2
meV, C =0.54, and E;=1502.9meV; for T=280K: I', =11.4
meV, [[,=28.5 meV, C =1.11,2nd EG=1435.9 meV.

I, together with the literature results we discussed in Sec.
I.>7 The uncertainties of the fitting parameters and the
estimated standard deviations of the fits are included in
the table together with the ¥* values. The estimated stan-
dard deviation is defined as'*

s=(gt/e))"?, (8)
where
X '
Fl= -[;I'I;ll/ulz

o, are the standard deviations of the data points. The
goodness of the fit is given by the value of Y2 With the
number of our data pomnts a good fit is defined by
v’ < 1.5; 1n this case the uncertainty of the fitting param-
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2 f-the-data-with
Eq. (1) (dotted line) and Eq. kz) (dash-dotted line) are also
shown; the fitting parameters are reported in Table I.

eters can be effectively estimated. When 72 is greater, the
function is not appropriate;'® in any case, the function
with the parameters obtained from the fit provides a
curve that describes-the data points-with an approxima-
tion of the order of the estimated standard deviation s.
The high ¥* values (see Table I for the 2—280-K tem-
perature range) show that the two equations are in
significant disagreement with the experimental trend of
E;(T). However, the estimated standard deviations (0.4
and 0.5 meV in the two cases) are of the same order of
the experimental uncertainties. Then the approximation
of the data points with the calculated curve could be
reasonable for many practical uses. The difference be-

FIG. 5. Experimental values’ éj‘ the fundamental energy gap

__ported; thw;e orszre thrcc~t1mcsi.hc,standatd devxatlons de-
- duced from thaaccuracy of ihccxpcnmcnl _The lines reg rcprm(

the fitting  ctrves: curve obtained from the fit of the data at
T <77 K with Eq. (2) (solid line);-curve obtained: from the fit of
the data at T<280 K with Egs. (1) and (2) (dotted line and
dash-dotted line, respectively). The fitting parameters are re-
ported in Table L.

tween our experimental determination and the Varshni
equation with the parameters (3), which is the most wide-
ly used EG(T) dependence,’® reaches 4—5 meV in the
100-200-K temperature range. The accepted low-
temperature value of the energy gap of GaAs
[1519.24£0.2 meV (Ref. 6}] is in reasonable agreement
with the E;(0) value deduced from the fit of our data
with  Eqs. (1) and (2): 1519.4 meV  and
Es(0)=Egz—ag=1518.7 meV, respectively.

A closer insight into the fitting curves shows that in
the low-temperature region (T < 100 K) there are small

TABLE L. Values of the parameters obtained from the fit of the GaAs energy gap with Egs. (1) and
(2). The uncertainty-of the fitting parameters obtained in the present work is reported only if the fit is

good (¥2<1.5). ¥?and s are the reduced v’ and the estimated standard deviation, respectively.

Fit with Varshni's equanion (1)

E;(0) (meV) a (107 eV/K) I (K) Temperature (K) s (meV) x> Ref.
1519.4 10.6 671 2-280 0.36 4.13 a
1519.2+0.2 5.40510.25 204 + 45 297-973 b
15174 5.540.7 225189 20 500 c
Fit with Eq (2)
Eg (meV) ag (meV) © (K) Tcmpcralure (K) s (meV) 1’ Ref.
Ws- \U\w “w ® 1529.4%1.1 10.4+ 1.1 102.4+5.7 2-77 0.10 0.62 a
'M"\ N 1562.0 43.3 202 2-280 0.49 7.47
1571+12 57115 240+52 _ 20-500 c

*Present work.
“References 6 and 7.
‘Reference 3.
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g Lut svstematic differences between the trend of the exper-
imental data and of the calculated curve both in the case
of expression (1) and expression (2) (Fig. 5). In any case,
the fitting curves proposed in the literature do not fit our
experimental data in this temperature range at all (Fig.
6).

However when we fit with Eq. (2) the low-temperature
data only (T <77 K), we get a good fit, as shown in Fig.
5.19 The ¥* value is now 0.6 and the estimated standard
deviation is 0.1 meV. Also the low-temperature Eg(T)
¢ value (1519.0 meV) is in full agreement with the accepted
one.® The large value of the uncertainty on both E; and
ay indicates the presence of some correlation between

+ P AN AT AL # PR~ 70 ]

these parameters.
The better quality of this fit with respect to the two

performed on all the data points is consistent with the
fact that Eq. (2) gives essentially the dynamic part of the
energy shift.* This contribution dominates at low tem-
peratures. Indeed the curve calculated this way does not
fit the experimental points for T>100 K. In fact, the
thermal-expansion contribution to the energy shift be-
comes important. An estimation of this contribution can
_ be deduced. from the differcnce between the fitted curve

ing the values aty7,>300 K. from Ref 20); these
differences -are. of..the. same order, of _'1hcf{eﬂ')¢'=_g§ of the
thermal _cygp%‘?_siog_ on.the energy, gap ‘shift xﬂzGaAE re-
_ported i TableFofRef.21. T~ ==i=m—=- =
- “In orderto get Eg(T) elations-valid-in-a-wider-temper-
ature region, we have tried to fit our data together with
the four high-temperature (T >300 K) values of Eg; re-
ported in Ref. 20. The fit has failed (¥*210). The
disagreement is higher for T > 300 K than for T <300 K.
We think that a more-detailed determination of Eg for

\Ey

1520

- \
\

|4

1515

ENERGY (eV)

1510
0
TEMPERATURE (K)

F1G. 6. Comparison of the experimental values of the funda-
mental energy gap of GaAs for T < 80 K with the fitting curves
reported 1n the literature; the solid line represents Eq. (2) with
the parameters (3); the dash-dotted and the dotted lines

" represent Eq. (1) with the parameters (3) und (4), respectively
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T > 300 K is needed. -, - - -
.1ne preceding discussion warrants some finai com-

ments on the capability of Eq. (1) and (2) to describe the

temperature dependence of the energy gap in GaAs.
(i) At low temperatures (7" <80 K) the effects of the

lattice dilation are negligible (see Table I in Ref. 21):
Equation (2), which is an expression for the dynamic con-
tribution to Eg(T), gives a good description of the data
iA this témperature range. .

(i) In GaAs the contribution of the electron-phonon
interaction to E4(T) is always greater than the contribu-
tion of the, lattice dilation.?! Therefore, Eq. (2) and its
approximate form (1) give a useful fit of the data, also if
data at high temperatures (T =280 K) are considered.
The effective dependence on the temperature, however, is
only approximately described by the empirical relations.

(ili) Consequently, the values of the parameters with
which a given empirical law describes the experimental
data depend on the temperature interval in which the
data have been fitted and are valid only in that interval.

V. CONCLUSIONS
We determined.the.width of the energy gap versus tem-

“=enid the=experimental-dataat-high-{émperatures{includ- - -—crie' = g e
and’ thevexperim : & pe perature in GaAs by means of PL meéasuréients for femi=’

peratures below 280 K. The uncertainty of our deter-
mination progressively increases with temperature from
0.3 meV for L<30.K to 1:9 meV for 7=280 K. This
-way-we get experimental .data_that are more “accurate
than those available in the liteérature (see, for instance, the
scattering of the data collected in Table III of Ref. 3).

The temperature dependence of these data has been
fitted using two semiempirical relations: Eqgs. (1) and 2).
At low temperatures (T <80 K), where the effect of the
thermal dilation on E;(7) is negligible, the fit of the data
with Eq. (2) is good.

For temperatures below 280 K, Eqgs. (1) and (2) fit the
data with comparable ¥* and s values but none of them
provides a good fit. It is important to point out that the
previously published fitting parameters were obtained
with a limited number of data points® or with no points at
all” between 2 and 300 K. Therefore, our determination
of the fitting parameters can be considered the most reli-
able one in this temperature region. When high-
temperature literature data are included, the fits get
worse: a more-detailed determination of Eg for T > 300
K would be useful. g

In any case, we have shown that neither of the two re-
lations proposed for the temperature dependence of the
energy gap describes 1n an appropriate way the experi-
mental data in the case of GaAs. We feel that this is a
more general problem connected with the inadequacy of
the proposed semiemprrical relations to account for a

complex physical problem.
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Analiza ziarna pszenicy i zyta ze zbioru 1997

Pr6by do badan ziama zb6z ze zbioru 1997 pobierano w punkcie skupu bezposrednio od dostawcow
w elewatorze Czerwonak (20 km od Poznania). W pobranych prébach zarna oznaczano wilgotnosé
przy skupie (tab. 1), skazenic mikrobiologiczne (tab. 2 i rys. 1) i zwiazki lotne.

Analiza mikrobiologiczna ziarniakéw zbéz ze zbioru 1997
Material do badan mikrobiologicznych stanowily préby ziarna zb6z (5 préb ziarna pszenicy oraz
2 proby ziarna zyta).

Metoda posiewu:

Na plytki Petriego z pozywka brzeczkows zestalona agarem (8°Blg z dodatkiem 7% NaCl)
wykladano po 100 ziarniakéw z kazdej proby ziama. Plytki inkubowano w temp. 26°C przez okolo
tydziefi. Nast¢pnie liczono ziamiaki, przy ktdrych wyrosty gfzyby. Jako wynik podano % zamiakéw
porazonych zidentyfikowanym grzybem.

Wryniki:

Tabela 1. Wilgotnos¢ prob ziarna mierzona przy skupic

nazwa i nr proby wilgotnos¢ w %
pszenica 203 11,0
pszenica 204 11,5
szenica 205 12,5
pszenica 208 14,5
pszenica 210 14,0
Zyto 211 14,5
Zyto 213 16,0

Do analizy mikrobiologicznej wybrano ziamo pszenicy o wilgotnosci od 11,0% do 14,5% i ziarmno
Zyta o wilgotnosci 14,5% i 16,0%.
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Tabela 2. Procentowy udzial ziamniakéw pszenicy i Zyta poraZzonych grzybami

rodzaj i nr proby badanego ziarna
pszenica Zyto
grzyb 203 204 205 208 210 211 213
procent ziarniakéw poraionych grzybami
Alternaria 96 57 80 85 92 94 20
Aspergillus ogélem 7 33 3 7 13 14 100
A. flavus 4 1 2 2
A. candidus 5 1 1 2
A. glaucus 3 27 ) 2 4 11 12 100
Fusarium 43 36 45 40 38 32 8
Penicillium 5 8 14 14 5 1 22
Mucor 36 16
Cladosporium 2
Gilmaniella 15
inne ogolem 3 1 24 6 10 7
Rys. 1.
Mikroflora ziama pszenicy (p) i Zyta (Z) ze zbiorow 1997
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We wszystkich dotychczas przebadanych pigciu prébach ziara pszenicy i dwoch prébach ziarna Zyta
z tegorocznych zbioréw wykryto grzyby nalezace do czterech rodzajow. Grzyby "polowe" z rodzaju
Alternaria wystgpowaly w 20 do 96% ziarniakéw i z rodzaju Fusarium - w 8 do 45% ziamiakéw,
natomiast grzyby "przechowalniane" z rodzaju Aspergillus wykryto w 3 do 100% zZiamiakéw a z
rodzaju Penicillium - w 1 do 22% ziarniakow. Wéréd grzybdw z rodzaju Aspergillus
zidentyfikowano trzy gatunki: A. flavus (w trzech probach pszenicy i w jednej zyta), A. candidus (w
czterech probach pszenicy) oraz A. glaucus (we wszystkich badanych prébach). Ziarniaki Zyta o
wilgotnosci 16,0% byly najsilniej porazone grzybami "przechowalnianymi"” - A. glaucus wyrastal ze
100% ziamiakéw, a grzyby Penicillium z 22% ziarniakéw. Poza wyzej wymienionymi grzybami, w
dwéch probach ziama pszenicy wykryto grzyb z rodzaju Mucor (do 36% ziarniakéw), w jednej
probie pszenicy grzyb z rodzaju Gilmaniella (15% ziarniakow) a w jednej probie pszenicy grzyb z
rodzaju Cladosporium (2% ziarniakow). W wigkszosci badanych prob ziarna izolowano takze inne
grzyby, ktére s3 obecnie identyfikowane. Wysoki procentowy udzial ziarniakow porazonych grzybami
"polowymi" Alternaria i Fusarium $wiadczy o tym, Ze ziamo jest Swieze. Jednak obecnos¢ grzybow
"orzechowalnianych” Aspergillus, Penicillium i Mucor powinna przypominac o koniecznosci
kontrolowania warunkéw przechowywania ziama aby zapobiec w przysztosci rozwojowi grzybow i

nagromadzaniu si¢ ich toksycznych metabolitow.



ANALIZA ZWIAZKOW LOTNYCH WYBRANYCH PROB ZIARNA

Zwiazki lotne izolowano z ziarna metodg dynamicznego headspace przepuszczajac przez

probe strumien azotu i adsorbujac uwolnione zwigzki na polimerze Tenax GR. Zaadsorbowane
zwigzki eluowano mieszaning eteru i pentanu (1/1 v/v). Mieszaning poddano zagg¢szczaniu w
strumieniu azotu do objgtosci ok 20ul 1 nastrzykiwano na chromatograf gazowy sprzgzony ze
spektrometrem masowym (HP 5890II/HP 5971B). Zawartos¢ zwigzkéw podano w ng/100g

ziarna. Wyniki zostaly przedstawione w tabeli 3.

Tabela 3. Zawartos¢ dominujacych zwigzkow lotnych w probach ziarna zb6z pobranych w
punkcie skupu - elewator Czerwonak, 20km od Poznania. Zawartos¢ zwigzkow podano w

[ng/100g ziarna].

Lp | Nazwa zwigzku czas pszenica 12% zyto 16%

retencji | wilgotnosci wilgotnosci

1 3-metyl-1-butanol 3.57 201 40

2 1-heptanol 3.80 Nd 381

3 2-metyl-1-propanol 4.40 189 65

4 oktan 482 211 178

5 ksylen 6.36 50 84

6 nonanol" 7.93 35 25

7 1-okten-3-ol 9.49 nd 29

8 dekan 9.88 95 nd

9 bis(1-metyletyl) disulfid 10.27 44 21

10 dodekan 15.65 102 73

i1 1-tetradecen 20.63 45 153

12 | beta farnezen 22.48 30 nd

13 1-heksadecen 25.53 38 39

W tabeli 3. przedstawiono dominujace zwigzki lotne w ziarnach zyta i pszenicy sposréd ok. 30

zwigzkow oznaczonych metodg GC/MS.

Sposrod zwigzkéw podanych w tabeli typowymi metabolitami mikroflory sg 3-metyl

butanol, heptanol, nonanol, 1-okten-3-ol, tetradecen oraz (3-farnezen. Wyzsze alkohole sg

6%




metabolitami typowymi dla wszystkich grzybow plesniowych wykrytych metodami
mikrobiologicznymi. W ziarnie zyta o wyzszej wilgotnosci dominowata mikroflora
przechowalnicza dla ktorej wsrod tworzonych alkoholi typowym metabolitem o zapachu
grzybowym byt 1-okten-3-ol. W pszenicy dominujgcg mikroflorg byly grzyby polowe - Alternaria
i Fusaria. Metabolitem grzybow z rodzaju Fusarium jest B-farnezen. Inne zwiazki podane w tabeli

wykrywane sg czgsto zarébwno w probach ziarna zdrowego jak 1 porazonego.

PODSUMOWANIE
Pobrane do badan préby ziarma ze zbioréw 1997 charakteryzowaty si¢ niskg wilgotnoscig,

za wyjatkiem proby zyta 213, ktora miata 16% wilgotnosci. Zawartos¢ wody rzutowata na rodzaj
i zawarto$¢ mikroflory co przedstawiono w tabeli 1. Zaréwno analiza mikrobiologiczna jak i
analiza zwigzk6w lotnych moze wskazywacé na istniejace niebezpieczenstwo rozwoju mikroflory
w silosach dla ziarna o wyzszej zawartosci wody (proby 203, 204, 205). Suche ziarno dostarczane
do skupu nie stanowi zagrozenia. Ziarno o wyzszej zawartosci wody moze stanowi¢ zagrozenie

poprzez predyspozycje do samozagrzewania.

Vighisbs

Prof. dr hab. Edward Kamiriski



File : C:\HPCHEM\l\DATA\SILOZZOS.D

Operator : hj

Acquired : 3 Dec 97 8:25 pm using AcqMethod FUSETER1.M
Instrument : 5971 — GC
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Rys. 2.Chromatogram GC/MS zwiazkow lotnych ziarna pszenicy (proba 205).
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Rys. 3. Chromatogram GC/MS zwigzkow lotnych ziarna zyta (proba 213).
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