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Abstract. In this paper, we report a new phenomenon observed in the
gamma-ray radiation-induced hydrophobic effects on an Invar surface:
When the Invar alloy is subjected to different doses of gamma-ray
irradiation, the contact angle increases with the radiation dose. Invar
samples with exposed to a higher dose appear more hydrophobic, but this
tendency disappears following post-irradiation etching. The contact
angles of the irradiated and etched Invar samples can be restored back to
a stable value with small deviation after 30 min of annealing at 150°C.
X-ray diffraction (XRD) analysis found no crystalline structural changes.
High resolution field emission scanning microscope (FE-SEM) analyses
showed that irradiation might induce crack-like surfaces which could be
removed at higher radiation dose in the following acid etchings. It is
believed that the chemical bonds of Invar oxide on the surface were
broken by the gamma-ray irradiation, thus raising the likelihood of
binding with free ions in the air and resulting in the exclusion of the
hydrophilic OH bonds, leaving a hydrophobic post-irradiation Invar
surface.
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Absiract. In this paper, we Teport a new phecomenon observed in the zamma-ray rmdladon-inducsd
hydrophobic effects oo an Invar surface: When the Invar alloy is subjected to different doses of
ramma-Tay imadiaton the contact angle increases with the radiadon dose Invar samplss with
exposed to a hipher dose appear mare hydrophobic, bat this fendency disappears following
post-imadiation etching. The contact angles of the omadiated and etched Invar sameples can be restorad
back o a stable value with zmall deviation after 30 min of aopmealing at 1307, M@y difffacten
(3D analysis found no crystalline structural changes. High resolufion field emission scanning
microscope (FE-SEM) analyses showed that imadiation might induce crack-like surfaces which could
be remonved at kizher adiation dose in the followine acid etchimzs. I is belisved that the chenrical
bonds of Invar oxide on the sarface were broken by the parmma-ray iradiation, thos raising the
likeliheod of bindins with fres jons in the air and resultng in the exclusion of the bydrophilic OH
bands, leavins a bydrophobic post-imadiation Invar sarface

Infrodaction

Since the discovery of Invar (Fa-Mi alley) m 1237, resesarchers have developed vanous types of Invar
alloys and applications [1-3]. Cre to their near-zero thermal expansion coefficient over a wide
tempieratare ange, Imvars are widely used in applicafions requiring high dimenzional stabibity despite
vanatiens io temperarore, such as clocks and waiches, intsmmal combuston engine pistons. bimetal
sirips, glass-to-mefal seals, thermostatic sinps, microwave guides, laser housines, precizion opfical
insITumentAton, qua&dnahmalgnsmﬂamsmﬂnlmumedmmﬂhmﬂcm:md
micrpelecironic packaging [2.4]. Iowar is also widely uwsed as shadow mazk for large-scresn
telewisions or m high-resoloton color CRT monitors. Bambarding the CRT with electrons produces
many hot arches and the low-coefficient Invar shadow mask can prevent the deflection of the alecoen
beam, thus providng high picture claty. Becent developments in orgamic lighd emiitnz diode
(OLELD) displays have inrreasad the demand for Invar alloy shadow masks In OLED displays using
small maleculs orgamic lighi-emifting matenals, the thermal evapomtdon appreach &5 commeonby nsed
to depasit the mmifi-layer orgamic membrane For lares, fall-colar HD displays, Invar shadow masks
provids the best solufion to avoid thermal-induced position deviations in the red, zreen and bluoe
sub-pixe] evaporation precesses[3-T].

Iovar alloy is alsp used in satellite instrumentaton because its diopernsional sabiliy can easily
overcoms significant temperafure varations satellis experience when moving from shadow to
sunlighi [8]. Marerials used in spacecratt fabrication have tw deal with bizh-spesd enerzetic charged

Al rghi. waervad ?'I o o =8 mpradecad o7 TErETIEE T T or Tasa wirsd the wrien parmssdon 2! TTF
g S el (J0F 1447 280 2 E-JTIENM 3 IE’.“'. - —
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1586 Advanced Composite Materials

particles such as protons, alpha particles, carbon and ton mockei which mery canss lactice displacement
damage, sinple event effects, moise in sensars and spacecraft elecirostatic charging They also muast
deal mﬂlmmm]grudmﬂm inchading zamma-rays, X-rays and clecmon flux, which can also damage
metal allovs or dislectric material: i spacecratt, especially electronic devices with oxide Layers [9].
Unlike the pure metal, alloys may ecour stracturmd and phase ransformation by ionizing radiation [10].
As Tnvar alloys are important materiaks used in spacecraft instrumentations, investisating ionizing
rafiation effects oo Invar alloys is one of ooportant msues. This stody descnbes a mt'_n-dﬁn:m'aed
hydrophobic phepomeron en the sorface of Imar alloy fellowine Famma-ray imadiaton.

Exmperimental

A cold-rolied WAS 38 Iovar sheet with a thickness of 40 ;¢ m 1= commercially available from TOY0O
SEIHAKTT Corp. Table 1 lists the cheamical compositon of Irmar copminms wi. 35.0-37.0% of nickel,
with small quantitizs of carbon, silicon, manzaness, phosphorens, salfar, chromium and a balance of
iron. Al the lom % lom Iovar samples for pamma-ray tests were cut fom the same mll and divided
ioto several bacches. Five sample batches were separately subjected to Co™ pamma-ray fradiaton
with doses of 1, 3, 3, 7 and 10 Mrads, while opne non-imadiated baich served 25 a conmed. Following
imadiation, all samples were lafi in ambient conditions 1o sabilize for seven days. The coo@ct angle
poniomeater used is Sindatek Mods] 10058 n determining surface hydrophilic characteristics. XRT
was used to identify crysialline stractural changes, and the surface morpholegies were examined by
high resolurion FE-SEM.

Tablz 1. The comstimuants of WAS 35 Iovar allov.
(*u)

C i Aln F 5 M Cr Fe
NAS2 |atiE ]| 030 | s050 | 0010 | S0.0000 | 350-370 | S0.15 Bal

Eesults and discussions

Fizure 1 shows the contsct anpls as a function of the doses of pamma-ray radiation. The control
sample witheut Doadiaboen () Mrad) is also depicted for companson. The contact anples were
meazured with the same volome of water droplets. As shown in Fiz 1. the contact angls increases with
imadiation dose up to 7 MMrad, after which it levels out. As the zamma-ray mmadiztion dose inoreases,
the Invar surface becoms:s more hydrophebic. Figure 1 presents the XBD patterns with increasing
radiation doses, which show oo chanpes to the composition or structure of the Invar sheet. Figumes
Ja)}-3(d) shows the suface mnrphnln of high resaluton FESEM with different radiation doses
(mapmification facter 100,000 ). As showm in Fig 3ia). despite the ralled imprints, the mmags show
it by sooooth surfacs. However, aack-like surfaces are observed m Fizs 3(b)-3(d). Unlike VEry
high enerzy cosmic-chareed particles o the Ge'V range (which most 1kely prodwos stractaral changes
in the metal alley), the moderats enetpy in the MeVW ranzs of pamma-ray fonizing radistion mast
seripnsly affects dielectric materials. The crack-like compesitions are believed o be the native Ivar
oxids om the surface. The ganma-may imadiation-induced hydrophobic Imvar surface is possibly
attributed to damags o the surface Invar oxida.
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Fiz. I. Contact angls as a funcdon of the doses of zanuma-ray adiation.
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Fig. 1. XFD partems of Invar with increasing radiation doses.
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Figz. 3 Surface morphologiss of bigh resoluobion FE-SEM with radiation doses of (a) 0 Mrad (01
Mirad, {c) 5 Mrad {d) 10 Mmad.

To furtber siady the canse of the hydrophobic efects, Invar alloys were subjected w difersnt
raidiation doses prior to etching with a substance compmsed of 6075 H2V0, and 405 CH-COOOH for 30
5, after which the contact angles and the surface morphologies were examined. Figame 4 shows curve
of contact angle and fradiation dose for the imadiated etched and the control etched samplss, and Fiz.
5 shows the comespondence FE-SEM imazes of the etched surfaces. As shown in Fig 4, the mcrease
io comtact amgle with radiation dese (obsemved in Fig. 1) has disappeared. The confact angle is
determined by the surface condifions of the Imvar alloy. Given high-reselution FE-SEM i Figs.
5(a}-5(d). the etched surface remained reduced cack-like dismbations at | Mrad | Fig. 5(a) ). and
becams very smooth at highsr mdiation dosss | Figs. 5(0}-3(d) ). Gamma-ray radiation iz believed to
break the surface bonds of the Iovar oxde, resulting m cack-like surface, and fends to moss sasily to
e removed at higher dose of madisdon by the followins acid etching. It & helisved that the contact
angle iz mifuenced by the chemscal bonds of the Iovar surface, the resuliing dangling bonds in the
Inwar oxide induced by oradiatien increase the possibility of hindmz with free ions in the air, thus
exchuding the bydrophilic OH bonds, making the post-imadiaed Iovar surface more bydrophebic.
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Fiz 4. Comfact angle as a fonction of the dosss of pamma-ray radiation for the imadiated etched and
the cooizol efched samplas,

Fig. 5. FE-SEM images af the irmadiated erched sarface with radixtion doses of (a) 0 Mrad, () 1 Mrad,
() 5 Mrad {d) 10 Mmad.
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Finally, the posi-imadiated samples shown in Figs. 4 and 5 were divided into three batches. Each
batch was subjecited to post-etching aomealing in an oven with an atmespheric eovirenment at 30, 10
and 150°% for 30 mun After all samples had cooled to room femperahae, the comtact angle of sach
sample was determined. Figure § shows the comespoodence omve of contact angle and radiatdon dose
for differ=nt anmealing temperatares. Fegardless of mdiation dos=, the coniact angle tends 0 a stable
vahue with little devdation following a 1507, 30 min anneal Tt is believed that a higher-temparatare
anneal of the post-etching Invar will resalt in a meore falbv-oxidized and stable sorface, which further
supports fhe pessibility that damage fo the Iomvar oxide & the main cause of the pamma-ay
imadiation-induced kydrophoebic surface.

Ll
= | ' b} Irradistian = Cickirg + §08°C Armeal
[&] I adsicn = Bnahvng + 850 Asreasi -

. 1 ] ] 1 . .
RATRATEE SOAE | e | PR TR (MR8 | v |

| 1] Brradisticn + Eschéng + L80°C Anrssl |

-
L] # - i

t |

Crb e daiik

-

= 2 I e
E i L] 1 L4
FMIEIH DO |

Fig 6. Confact anzle as a foncton of the doses of pamma-ray adiation for the Doadiated etched and
thie conirel etched samples with 30 pun armeals of (a) 3007, (o) 10000, (o) 150°C

Conclusions

The contact angle of the Imvar shest increased with samma-my radiation dose. Post-imadiaton
etching and annealins experiments indicate that the moreased confact angle was dus to chapges in
surface condifions. | is believed that the reactive cheprical siftes m the Imvar omde induced by
Eamma-ray imadiation were responsible for the hydrophobic phenomenon. The mmadiaton-mduced
chemical reaction oo the Invar surface pmst be confirmed Iy farther impestization.
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