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Abstract

Prehnite is a mineral used to make jewelry. Since most prehnite is light green and faded, this causes
jewelry made from prehnite having low value. This research aimed to study the effect of gamma radiation
intensity on the color, chemical composition, and crystal structure of prehnite before and after gamma irradiation.
Fifteen prehnite samples were irradiated with gamma rays at intensities of 200, 400, 600, 800, and 1,000 kGy. The
results revealed that after samma irradiation, prehnite exhibited increased light absorption in the 300-400 nm
wavelength range, resulting in a color change from light green to dark green and brown, depending on the
increasing radiation intensity. The analysis of chemical composition by X-ray fluorescence (XRF) technique
demonstrated that the main components of prehnite, including Ca, Si, Fe, and Al, remained unchanged before

and after gamma irradiation. Iron was an important element involved in coloration. In this process, gamma
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irradiation oxidized Fe?* into Fe®*, which created a color center, causing the prehnite to become darker brown.

X-ray diffraction (XRD) analysis showed that the crystal structure of prehnite remained unchanged before and after

gamma irradiation, retaining its orthorhombic crystal system with the space group P2cm. In conclusion, the gamma

irradiation could alter the color of prehnite without affecting its chemical composition and crystal structure, which

could be useful for adding value to prehnite in the gem and jewelry industry.

Keywords: Prehnite, Gamma ray, Radiation intensity, Chemical composition, Crystal structure
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Figure 1
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Figure 1 Color analysis of prehnites before and after gamma irradiation at different intensities
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Figure 2 Absorbance analysis of prehnites before and
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Table 1 Elemental composition analysis of prehnites before and after gamma irradiation at different intensities

Radiation Trial

Element (%)

intensity No. Ca Si Fe Al Ti Mn \" Cu S Ga
before
- 62.69 19.05 8.84 8.77 0.26 0.05 0.20 0.06 0.04 0.42
irradiation
After
Irradiation
200 kay 1 50.03 17.54 24.36 7.59 - 0.06 - - 0.06 -
2 63.05 19.04 8.65 8.82 0.17 - 0.19 0.05 - 0.04
3 66.86 19.16 3.94 8.59 - - 0.61 0.05 0.06 0.04
400 kay 1 51.95 17.71 22.27 7.48 0.42 0.06 - 0.05 0.06 -
2 63.28 19.14 8.01 8.99 0.19 0.09 0.06 0.05 0.05 -
3 60.75 18.88 18.88 8.44 0.25 0.10 - 0.05 0.03 0.04
600 kGy 1 60.32 19.08 11.35 8.76 0.23 - 0.16 0.05 - -
2 63.69 19.17 9.27 7.11 0.30 0.06 0.20 0.06 0.01 0.04
3 66.13 19.54 6.16 7.18 0.29 0.08 0.35 0.06 - -
800 kGy 1 63.53 18.93 8.20 7.50 - 0.06 0.39 0.05 0.02 0.03
2 63.20 19.51 7.47 8.53 0.31 0.11 0.07 0.05 0.06 0.04
3 67.73 19.23 3.31 8.75 - 0.06 0.32 0.05 0.05 0.04
1,000 kGy 1 61.59 18.40 11.26 793 0.31 0.13 0.13 0.06 0.11 0.03
2 59.43 17.38 14.88 7.52 0.26 0.05 0.07 - 0.06 -
3 66.80 18.76 5.00 8.38 - 0.06 0.41 0.05 0.04 0.04
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Figure 3 Crystal structure analysis of prehnite Pn-16 before gamma irradiation and
prehnites Pn-1, Pn-4, Pn-7, Pn-10, and Pn-13 after gamma irradiation
with intensities of 200, 400, 600, 800, and 1,000 kGy, respectively

24



a

NIATInemansuazmalulad unnInenduguasivsntl UN 28 atud 3 weuiuengu-suiiau 2569

4. 9AUTIINANTSINY
31nN15ANYINAVEINITRIESFLnuLTisERU
AU NSd 200, 400, 600, 800,way 1,000 Alatnsd
son1sdsudvemilud nud1 UjATensendindu
(Oxidation) wesleseumaniduamaivhlviAnmsndeud
dlondludldsunisanededunuun loveuveandn Fe?

v da ¢ ysLy

Favhmihiduii3fad (Reducing agent) azgnnsssuly

q

o
=

Sidnnseuldsusedundenulugseduiigeiuuas
gneendladnareidu Fe* Ing Fe* iauvimiiidu
feendlad (Oxidizing agent) Uﬁﬁ%maaﬂ%m%’uﬁdwﬂﬁ
wiluddsuandderseuld@udihana Tnoanudu
yosdtmaszuUsiunseiudsuna Fe* mAutuny
seduaduvededunuun Feaenndefuannis
AE = hv Tne3sdunusniduliney (Photon) Aiflwdsnuge
doanedgnilud ndanuasidrvunaznseduld
fidnnsouaas Fe? ngnaanainlaasiiudwaly
\AnufAzereondintuiiudsuanwloosumanluidy
Fe* uagaunguaurunan (Crystal field theory)
lopau Fe* Mintulminzinisdmiomdsnuniely
ovmouTunilnddadissfudosinandsnuiinedfunis

Aanauuadlugie 300-400 Wluiuns lngn1sAANAULAS

a

Lamﬂumﬁﬁmﬁﬁ@u@uéﬁ (Color theory) Ndswaliin
Fuddsudandderseuluidudvmaffiuls
oE13UALAU [6], [7]
Lﬁaiﬁhwamiq}ﬂﬂﬁuLLawaﬂw§1uﬁﬁ15a1ﬂLﬂ%‘aq
UV-Vis spectrophotometer lUiUSsuifisuivanuive
284 Ross et al. [8] nuinflaruaenndasiu lneie
wiluddimdesoududluiniiguvgiigedi 800 asm
waldoa aeldusseinimeendlad aziinufisen
sendwduiunmelulassadrndndmaliflosoy Fe?r
Wasuanluilu Fe* fansiiuiuvosUsun Fe>
dwmalidnwasusngdvesiognmsludandndes
sudoldsulufudmdeemhmasgedneu
PMNNTANYIHAVDIBIAUSENBUNALATIIDINS LU
Tneldip3os X-Ray Fluorescence (XRF) Aaun1sane$ed
WNLALAE A INTTRNe SR LNNLNTISERUAIENSSE 200,
400, 600, 800, Uag 1,000 Alainse Wuse Ca (WAALTE)
63%, Si (FARDU) 19%, Fe (WiAn) 8%, uaz Al (exgiiiilew)
8% Fudussnusznoundnniaaiivewmslud Fuile

Wiguwigunuidewaa Ross et al. [8] wuin Ca, Al, Fe

25

Jusmesdusznaundnmauniivemilud diusie Fe
WudivinlihAnniswasudlunslud Ssazegluzues
o0ou MANANITIATIERIABUNTRE SIAUNLL LA
wdansa1esadunuan wudn waludlddnsasuwdas
peaUsznaumaailuanAy
MnnsAnwlassasmanvesnsludlasldinaina
X-Ray diffractometer (XRD) Wu11 1A53a519nENV0 9
wiludifuwuvesslsseudn (Orthorhombic) Tu space
group Pncm wag P2cm wagannnisusuugennnneae
mMsanessdununiianuidugad 200, 400, 600, 800 waz
1,000 Alawnsd sunisiiadenuuldiinnsdsundas
warlifinsusnguesnawdanuasy (Impurities) waz
dnwazvefiailaiuuvauss (Sharp peaks) wanslvidiu
Mlpssasrwanuuuseslssontnueausnsludiinnuaies
se3edge Fennsanefedununludiannuduied 200,
400, 600, 800 uaz 1,000 Alawnsd muautiulidia
nsENUABNITIALE BT sernaNlulasIas1aNanuan
Manaun13eedednLnuLILarndIn1senesednnuan
denndasTunuIdores Wang et al. [1] esneeuin e
Tawufeunnndludfigungfl 25, 180, 335, 490, 645,
800 waw 850 asmimailea auaau wuan lifinsusing
v03fiAn1siasauulug (New diffraction peaks) lai
nsmelivesiirpusarliiduievundousialny
Antu wandddifiulnseadrondnveiniludiifiag
numuseauSougain lneldgydsaudundn

(Crystallinity)

5. unagy
av Aoy A a < a a
NuATeildAnwiiodasizinazlSeuiieu
v o Ao a a a 13
NaUIANNNYeITBunuINATdan SR uEve NS Lusd
WaANYIANULANAI9YDI89AUTENBUMSLAT YR INT Lus
ABUNITRIYSIAULNNL AT NAIRNYSTIFLNUNT WAL
Anwlasasandnveanslusnaunisaiewas naanisany
S9EWANNT NNKNANITITENUIN Wea185IFunuNInIe
ANMILTUNINTUANEIAU @usasldeudvaanslusain
Adergowdudiina wazsmesdusznauniuaiives
wsludnsuanewasvasailuiiniswas uwlasluanniy
Toe widn (Fe) Wusesrusenaundnivinlinslusildeud
SAIUNILASIFS MHANNBURI LA UAIRIYSIFLNUNIVDS

wSluslidnswasuwdadiuanniy Tnensludilasaadng



a

NIATInemansuazmalulad unnInenduguasivsntl UN 28 atud 3 weuiuengu-suiiau 2569

nanaglu Space group P2cm %qﬁmaghiwuwﬁmmu
205155010 (Orthorhombic) Wag®asaNNN1TRIB5E
wnaan Tassadrendnmdnlu Space sroup alifinside
seuunaniuidunuudu ifemnnlassadovdniinnuedes
wagyuusia Sedamn

PRaMIAnY nuinsasuulasdvemslug
MUNGINTAETIELNUNITANUFURUSAUNTEUIUATS
sonTinduvaslosau Fe melulassadiondn Sedsnaly

Anddginazduin1aninuadIE@uawarnIsang

—

o

aghanidduiious agralsiny FMAnTusinaidang

3¢

o

dednininuaissnmluszere Wesangudd (Color

pid }

centers) uazauzaan LAY uanunsadeuudadly
dlolasundsuniudou
nans3iveadiiuandliifiuinnisans Sadunuan
mmaﬂLU?iauu,ﬂaqLLaz‘U%’UUgmmmwﬁﬁuaqw%wLuﬁ
Isignaiiuszansam ssdrnuiiildannis@nwianunsa
dlduszynaldifusunuulunisWauinszuaunis
Uiuupsnmunmdvesdnuduazuslunguddinaviindu o
Tuidended Welfiuyaduazdnenmmaasygiaves
NENEINTLS UBNINE HansANwSsarunsaldidy
wuamslunsimuiandmiunsiaiausunnsdayay
(Dosimetric materials) fionfansiUdsuwdasaudfinauas
wisdn1endanisliTused Jeernduussleviise
geavnssuiuadesuasausunistesiudidlusuan
ag19lsfin1u Arsfinis@nuidesaniioadu
@iesA MY diAnTun1endenisanefadunuun
Tngianznalnnisiiauaznisaaiedivesgudd (Color
centers) nelifan1izwindousing 4 iU gungl mwdy
waznslasusandusyeznaiui Wenuwmislunis
VrlvaAnTulimunmuLaranIsInBety sauiadnm
A5n19U5UENINAEUaIN15218598 (Post-iradiation

treatment) Muuzal Waliu@dasnInyesdunay
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