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Abstract: The dynamics of pH and COD changes and the concentration of hydrogen peroxide,CO- and
changes at the optical absorption spectrum both before and after the irradiation of aqueous formic acid
solution (1x102M) by Co®® gamma rays at different irradiated dose was investigated. It has been
established that, the values of pH goes up from 2,5 to 4.0 and Chemical Oxygen Demand decreases from
164 to 14 (mg O/L) with the absorbed dose but the optical absorbance initially grows within the range of
2 to 27kGy then goes down at the radiolysis of aerated aqueous solution of formic acid.
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1. Introduction

Formic acid is one of the intermediate products in the long row of phenol degradation

into CO» under the ionizing irradiation of aqueous solution [1]. Radiolysis of aqueous solutions
of formic acid was investigated [2], but they cover either the initial or late stages of formic acid
degradation. However, practically, there is no systematic investigation covering wide range of
absorbed irradiation dose, which makes it difficult for proper understanding the mechanism of
irradiation induced degradation of aqueous formic acid solution and consequently the mechanism
of complete phenol degradation into CO> and H2O.

In the current study it has been investigated radiolysis of aerated aqueous solution of
formic acid at the wide range absorbed gamma irradiation dose covering its initial conversion as
well as the final stage of drastic oxidation.

2. Experimental

Aerated ([02]=2,7x10*M) aqueous formic acid solution (1x102 M) was irradiated by
Co% gamma rays at the static condition in sealed glass vials at room temperature. The dose rate
was 0.22Gy/sec which was determined by ferrous sulfate dosimeter, pH with pH meter PHS-25,
chemical oxygen demand (COD) by the method [3], hydrogen peroxide by method [4],
ultraviolet spectrum of products was taken by spectrophotometer Varian-Carry-50 at the
wavelength (1) range of 200-800nm.

3. Results and discussion

It has been investigated the dynamics of pH and COD changes, measured the
concentration of hydrogen peroxide and CO and changes at the optical absorption spectrum
both before and after the irradiation of aqueous formic acid solution (1x102M) by Co®® gamma
rays at different irradiated dose.

The optical absorption spectra of aqueous formic acid solution both before and after the
irradiation with different dose are presented in Fig. 1.

According to Fig.1 optical absorbance increases within the dose range 2 to 27kGy and
then decreases at the higher doses. It is suggested that the increase of optical absorption is due to
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the generation of oxalic acid which has higher extinction coefficient rather than formic acid. At
the higher irradiation doses occurs the degradation of oxalic acid as well. Apart from that the
beginning of the absorption band shifts toward the low wave zone (from 238nm to 226nm) as the
irradiation dose increases. (Table 1)

15

1,0

Abs

05

0,0
200 220 240 260 280 300 200 220 240 260 280 300
Wavelength (nm) Wavelength (nm)

Fig.1 The optical absorption spectra of aqueous formic acid solution (1x102M) both before and after the
irradiation with different dose: 0-initial; 1-2kGy; 2-6kGy; 3-13kGy; 4- 27kGy, 5-40kGy; 6-80kGy.

Table 1. The shift of the beginning of the absorption as a function of irradiation dose

D (xGy) 2 6 13 27 40 80
Ao(nm) 238 236 232 230 228 226

The gamma irradiation induced degradation of aerated formic acid solution leads to
formation of CO> as well as increase pH and decrease COD. The results have shown in Fig.2.
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Fig. 2 Variation of pH (1), COD (2) and formation of CO; (3) with the irradiation dose in the radiolysis
of aerated formic acid solution (1x102M)

As seen from the Fig.2 with the increasing of irradiation dose the value of pH goes up
from 2,5 to 4,0. The flat value of pH=4, most probably, is due to formation of carbonic acid. It
Is reported that, carbonic acid degrades into CO> and water at the pH less than 4, 0 [5]. At the
same figure (Fig.2) it has been presented the variation of COD with the irradiated dose which
shows the decrease the COD from ~150 to 12 (mg O/L) at 80 kGy. Accordingly, irradiation of
aerated formic acid solution leads to decreasing of total organic acids (formic acid and its
derivatives).
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Formation of CO> occurs from the beginning of the irradiation and goes up linearly with
the irradiation dose indicating that formation of CO; is due to both the decomposition of formic
acid as well as its derivatives.

Fig. 3 presents the formation of H2O> in the radiolysis of aerated formic acid solution.
Accordingly the concentration of H,O, goes up to the maximum value of 2x10* M with the
irradiation dose then goes down.
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Fig. 3. Formation of H,O, with the irradiation dose in the radiolysis of aerated formic acid solution
(1x102M)

The radiation yield of H.O> calculated at the initial stage of its formation is equal to
3,1molec/100ev. This value is higher than the yield of H2O> in the radiolysis of pure water (0,7-
0,8), indicating that there is an additional channel for the formation of H2O: in the radiolysis of
aerated formic acid solution.

The formation of glyoxalic, hydroxytartronic and dihydroxytartronic acids in the
radiolysis of aerated formic acid solution has been proposed [6] have not been identified due to
their very low concentration.

4. Conclusion

1. It has been established that, the values of pH goes up from 2,5 to 4.0 and optical absorbance
from 164 to 14 (mg O/L) with the absorbed dose but the optical absorbance initially grows
within the range of 2 to 27kGy then goes down at the radiolysis of aerated aqueous solution
of formic acid.

2. The initial radiation chemical yield of H2O> is equal to 3,1molec/100ev.
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N3MEHEHUSA KUCJIOTHOCTHU U XUMHNYECKOI'O NIOTPEBJIEHUSA
KHCJOPOJIA IIPU PATMOJIU3E BOJHOI'O PACTBOPA MYPABbUHOM
KHUCJIOTHI

3.1. Uckenpneposa, Y.A. Kyauesa, C.I'. Mamenos, M.A. Kyp6anos

Pe3ziome: Uccnenosana nunamuka usmenenust pH u XIIK u koHueHntpanuu nepokcuaa sogopoaa, COz u
ONTUYECKUH CHEKTp MOTJIOMIEHUH A0 W TMociie OOTydeHHs BOIHOIO pPacTBOpPa MYpPaBbMHON KHCIOTHI
(1x102M) no Co% ramma-nmydeill nmpu pasIMYHBIX IOMVIOIICHHBIX 103aX. YCTaHOBIEHO, 4YTO IIPU
yBenmnuennn 70361 PH yBenmumBaercs ot 2,5 mo 4.0, Xummueckoe Ilotpebnenuss Kucnopona
ymensbIaercs ot 164 1o 14 (mr O /i), a onTHyecKas INIOTHOCTh B HaYaJle YBEJIMUUBACTCS C POCTOM JO03BI,
a JajpHeIee yBennyeHre 1036l IPUBOANUT K YMEHBIIICHUIO € 3HaYeHUSI.

Knwuesvie cnosa: MypaBbiHas KHCIOTa, Y- O0OJy4deHHe, CcreKkTpodoTomeTp, xpomarorpadus,
PaIUaIOHHO-XUMUYECKHH BBIXO/I.

QARISQA TURSUSUNUN SULU MOHLULUNUN RADIOLIZi PROSESINDO
TURSULUGUN VO OKSIGENO KiMYOVI TOLOBATIN DOYISMO KINETIKASI

Z.1. Iskandarova, U.A. Quliyeva, S.Q. Mammadov, M.9. Qurbanov

Xulasa: Qarisqa tursusunun sulu mohlulunun radiolizi prosesinds tursulugun vo oksigena
kimyavi tolobatin doyisma kinetikasi, H202 vo CO2-nin qatiliginin doyismasi, muxtslif dozalarda
stialandirilmis moahlulun stialanmadan avvalki va sonraki optiki udulma spektrlari yronilmisdir.
Muoayyan edilmisdir ki, doza artiqca pH 2.5-don 4,0-o kimi artir, Oksigena Kimyavi Tolobat 164
-donl4-o (mq O /I) kimi azalir, optik udulma iss ilkin olaraq doza artiqca artir vo dozalnin
sonraki artimi1 optiki udulmanin azalmasina gatirir.

Acar sozlar: Qarisqa tursusu, y- siialanma, spektrofotometr, xromatoqrafiya, radiasiya-kimyavi ¢ixis.
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