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THE THIN FILM PVA - SALICYL YELLOW DOSIMETER

Abstract

The thin film PVA (polyvinyl alcohol) - salicyl yellow (~15um) dosimeter was made and
with the application of the radiation technology. It's parameters before and after gamma
irradiation have been studied using optical spectrometer UV - VIS JASCO - V - 350 and
film densitymeter X - Rite Model 301. Result shows that the wave of thin film is ~ 625
nm, the sensitivity of thin film dosimeter is ~ 0.013x10 Gy "' in the range of dose from 1
kGy to 140 kGy. The dose response function of dosimeter was clearly described by the
theory of energy transfer model.
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1.6 L Introduction

Polyvinyl alcohol is excellent matrix for radiochromic centres and widely used for high
dose dosimetry purpose [1 - 3].

An important feature of a dosimeter is its energy response, which is often expressed
as a set of exposure calibration factor at different absorbed energy. A desirable
characteristic of the dosimeter must be the minimal variation in sensitivity over a wide
range of doses.

The clear PVA films was studied for high dose dosimetry in [4]. The dyed PVA with
multi - wavelengths in absorbance spectrum was also studied [5].

In the work the dose - response of PVA film dyed by salicyl yellow is introduced. The
sensitivity of the film is determined in a wide range of doses.

1.7 II. Dose - response of the films

According the energy transfer model, an interested dosimeter is considered as a
collective acting aggregate of numerous identical sensitivity elements. The sensitive
elements are uniformly distributed in the dosimeter [6 - 8].

The gamma irradiation leads to the formation of activated elements from the sensitive
ones. The correlation between number of activated element n(D) at absorbed dose D,
dose rate D and the number of the radiation sensitive elements and C can be written as
follows:

n(D)=n,{1-op(k, )1+ el =) (1)
d i.=PC @
and n, - 22, 2)

where kg is the probability that one sensitive element will be activated and detectable
per unit of time in irradiation process; n.and ny are the numbers of activated elements at
D = « and D = 0, respectively; p and q is probability that one sensitive element will be
activated and reactivated per unit of time, respectively and

ko=p-q.(3)

The formula (1) is the dose - response of the film dosimeter in the electron equilibrium
during irradiation.
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The dose - response of the films can be also described by the theory of track
structure:

n(D)=c(1-exp( D

Dar” 4)

where D3 is the dose at which dose - response get 63 percent of saturation level. It's
show that

D37 - E_o » (5)

1.8 III. Experimental

Polyvinyl alcohol (- CH,CHOH -)3500 was dissolved in ionized water, The mixture was
added by 0.005g salicyl yellow CisHgNsNaOs, heated and stirred at 80°C for 30 min to
make an homogeneous solution containing 1.5 percent PVA by weight. The resulting
mixture was poured on a flat glass plate to form 15 — 20 pum thick film by naturally drying
at the room temperature.

The films of 3 pieces with the size of 40x10 mm are prepared and put in polyethylene
pouches for use.

The dyed PVA films were irradiated under gamma rays of ®*Co source of the Irradiation
Centre in Cau Dien district. Irradiation was carried out at doses from 1 to 140 kGy with
dose rate of 0.9kGyh ~ %, The electron equilibrium was achieved by using PMMA
sandwiched slabs.

The absorbances A, and A of the films before and after irradiation respectively were
measured by spectrophotometer UV - VIS JASCO - V - 350 (JASCO, Japan) with
wavelength accuracy + 0.2 nm. The film densities were measured by the densitometer X
- Rite Model 301.

A ratio of specific absorbances Ay is used for correction of film thickness variation

A

_t _A
AR—AD—AJ(Q
t

where t is thickness of the film.
The sensitivity of the film is defined as follows:

kD
k-—E.(7)

1.9 1V. Results and discussion
The specific absorption spectra of the PVA film dyed by salicyl yellow before and after
irradiation at D = 40 kGy are introduced in fig.1 and fig.2.
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Fig.1: The absorption spectrum of PVA — Fig.2: The absorption sh‘)ectmm of PVA -
salicyl yellow film before irradiation salicyl yellow under *'Co gamma rays

irradiation at D=50kGy
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Note that the form of the spectra are strongly changed at high doses (Figures 3 - 6)
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Fig.3: The absorption spectrum of PVA - Fig.4: The absorption spectrum of PVA -
salicyl vellow film at D=90kGy salicyl yellow film at D=140kGy

H N
RN
< ¢
[
350 500 600 750
Wavelength(nm)

Fig.5: The absorption spectra of PVA - salicyl yellow film
at D=10kGy(1) and D=140kGy (2)

Wavelengthinm)
Fig.6: The absorption spectra of PVA - salicyl yellow film
at D=20 kGy(1), 80 kGy(2), 110 kGy(3), 130 kGy(4) and 140 kGy(5)
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The dose - response of the film is introduced in Fig.7 and fit into formula (1) with the
following coefficients:

ns = 0,488 + 0,091
np = 1,467 + 0,041
k = 0,014+ 0,003

R”2 = 0,988
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Fig.7: The dose - response of the PVA - salicyl yellow film

1V. Conclusion
The PVA - salicyl yellow films can be used as high - dose dosimeter and monitor. It's

dose - response under gamma irradiation described by the energy transfer model with
the sensitivity k = 0,014kGyh *.
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A6aynaes H.P.
CTyZEeHT H/DKHEBAPTOBCKOro rocyAapCTBEHHOrO YHUBEPCUTETA,
r. HwkHesapTosck, PO

YMHbIE MECTOPOXXAEHMA KAK CPEACTBO NMOBbILUEHUA
APPEKTUBHOCTN BCEX 3TAMNOB HE®TEAOBbIYN

AHHOTaums: B cTaTbe paccMaTpyBAETCS TEXHOMOMUS «YMHbIX» MECTOPOXAEHWI Kak
CpeacTBo rMoBbILeHUs 3(heKTMBHOCTU BCex 3Tanoe Hedreaobbiun. Liens nccneaosaHus
3aKM4aeTcsl B 0BOCHOBAHWMM MPEUMYLLECTB BHEAPEHUS MHTENNEKTYANbHBIX pelLeHuii
npu paspaboTke MECTOPOXAEHW YrNeBOAOPOAHOTO  Cbipbsi. YCTAHOBMEHO, 4TO
npvMeHeHVe UMQPOBLIX ABOWHWMKOB, TENEMETPUM U aHaSUTUYECKUX  CUCTEM
CrocobCTBYET  MOBbILEHNIO  ahhekTMBHOCTY, 6E30MacHOCTM W YCTOMUMBOCTM
HedTenobbIBaOLLMX NMPOLIECCOB.

KntoueBble cnoBa: yMHOE MeCTOpOXAeHVe, HedTera3oBoe Aeno, paspabotka
MECTOPOXAEHWM, UMpoBM3aLMs, LMMPOBO ABOVHWK, aBTOMAatv3auMsl, ynpasieHie
MECTOPOXAEHUEM,

CoBpemeHHOe pa3suTie HeddTerasoBoi OTPaciM XapakTepusyeTcs HeoBXoaMMOCTbIO
BHeOpeHWs UMMPOBbIX WM MHTENNEKTYanbHbIX TEeXHONOMWA, HanpaeneHHbIX Ha
noBbileHne 3deKTBHOCTU paspaboTkv MECTOPOXAEHMI YrNEeBOAOPOAHbLIX PECYpCoB.
OpHWMM 13 KKOYEBLIX HanpaeneHnit TexHoNnorMyeckon TpaHcdopMaumu B AaHHOM
cextope  sBnseTca  (OPMMPOBAHWE WM BHEAPEHWE  KOHLUENUWM  «yMHOro»
(MHTENneKTyanbHOro) MEeCTOpOXAEHUs, KaK BbiCOK03MhhEKTMBHOM UMbPOBOMA Cpeabl,
obecrieuvBaiolLeli  aBTOMATU3MPOBAHHOE YrpaeneHWe BCeMM 3TanamMu  Ao6blum
YrNEBOLOPOAHOrO Chipbsi [1, €. 2]. MHTennekryanbHbie MECTOPOXAEHWUS NPeCcTaBnsioT
Cob0¥ COBOKYMHOCTb LIMPOBbIX PELLEHMt U TEXHUHECKUX CUCTEM, HanpaBieHHbIX Ha
ONTUMU3ALMIO MPOU3BOACTBEHHbIX MPOLIECCOB, CHWDKEHWE SKCrUyaTauMOHHbIX 3aTpar,
MNOBbILLEHME TEXHOMOMMYECKON HAAEKHOCTW U YrpaBnaeMocT Hedrenobbiuu.

OcHoBOW  (DYHKUMOHWUPOBAHWA YMHOTO  MECTOPOXIEHWS ABNSIETCA  CO3daHue
UMPOBOro ABOWMHWKA, WMHTErpuMpoBaHHOK 3D - MOAENM reonorMyeckor CTPYKTYpbl M
HaA3EMHOW MHGPaCTPYKTYpbl, B KOTOPYKO BKKOYEHL! anropuTMbl 06paboTku AaHHbIX, a
Taloke CpefcTBa TeNeMeTpuum W aBTOMaTM3MpPOBaHHOrO KOHTpons. Takas cucreMa
MO3BONSET B PeanbHOM BpEMEHW Monyqath MHMOPMALMIO O TekylleMm COCTOSHMM
CKBaXXWH, MapameTpax paboTbl 060pyoBaHMs, AMHAMMKE W3MEHEHUSI XapaKTepUCTUK
njacta u TPaHCMOPTHbIX MOTOKOB [2, ¢. 1]. MNMonyuyeHHble AaHHble obpabaTbiBaloTCa M
QHaMV3MpYOTC C  WCMONBb30BaHWMEM TEXHOMOTWM MNPEAUKTMBHOM aHanuTWKK, 4TO
obecrieunBaeT CBOEBPEMEHHOE MPWHATME peleHWd B OTBET Ha OTKIOHEHUs OT
HOPMATVBHBIX 3HAUYEHWIA, MpeayrnpeXxaeHue aBapuiiHbIX CUTyauuiA W MOBbILLEHVE
3KCMUTYaTaLMOHHONM ycToiumBocTv [3, c. 2].

WHTennekTyanbHbie MeCTOPOXKAEHWA TakKe CYLLECTBEHHO PaclUMpsioT BO3MOXKHOCTM
OMepaTMBHOTO W CTPaTErMYECKOro YynpasneHus. Ha paHHuxX 3Tanax uWkna npoexTta
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