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Markus Vasquez and Lucas Wilson
Mentor - John Farley

The Study of Spinels by Laser Micro-Raman Spectroscopy

Standards of spinels, composed of two metals and oxygen with the formula
AB,0,4 are being created with known composition to identify spinels in samples of
unknown composition by comparison with the spectra obtained from the
standards. Laser micro-Raman spectroscopy allows the identification of chemical
species based on their unique vibrational modes. The degree to which spinels of
varying composition can be identified will be determined. This will aid in the study
of the corrosion of steel by liquid metal. Spinels are a likely component of the
oxide layer. Understanding the composition of the products of corrosion leads to
an understanding of the processes involved in corrosion. This work is vital to the
transmutation of nuclear waste.
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Introduction

Spnel  stardards  wen e composiion
NIFe Cr,,,0, wene crealad 1o Icenify spinels In
Tie urknown comosion Gayer of comoded stee
SaTpes Dy compatson with the spacira oolansg
fom the sanrdards. Laser micro-Raman
spectroscopy 3liows e igentTcation of chemical
species based on thelr unigue vibratona modes
The degres to wnlch pnels o varying
Ccomposiion can De Ken™ad was cetsnmined
This wil 3l In the sludy of the comosion o slee!
by Iquid metal Spireis are a llkely component of
e oxice lFyer. Drevious work Pas shown that the
spinel, FeyO, 15 @ maor product of thase comodsd
sampes. Howsver, due 0 e varlety of metas
wirir st2el, other splnels can dso be formad
Understanding the compesltion of the progucts of
comeslon leads 1o an understanding of e
ProcEsses Invoived 1 cormosion. This work 5 Wil
0 the ransmutation of nuclear waste.

Materials and methods

Tre spnels were syninesized by combusting
aquecus  sClLtons  comtanng  stoichiomeric
amounts of the appropriate metal nitrates and
urea. The soluion comousted at 350°C Fler
EXCEES walsr had bolike away.
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Raman seatienrg 15 3n Nzlaste Ight scatenng

procss. Raylelgn scanered light has te sam2

waeengtn a5 e exctalicn Ight  Raman

5Catersd gl NaE a0 ensrgy dfererce that

:::-':eapoﬂ:sw miE vDraticral energy levels of the
slecule

The exgitation of vibratord modes resutng in
profons of nigher wavelength, lower energy. %
terTed Swones scatefng. Ony Sickes Raman
scatlering was consioerad In this researcn,
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wypton 3ser, lasirg 31 £47.1 rm, oF an argon
aser. lasng & 514.5 nm. The argon laser was
acdeg 1o the sysiem TS summer 1o reduce the
diMculties caused by fluorescencs,

The pariormance of e syEleT waE olen
checked Dy locking 3t the peak Inlensiies of
srong Ramar scalierers. sLon as FeO, for the
UYPROn 3521, 3nd CTy0, *or the argon laser

Seeelbiilbemlme  weeseewtesims

Results

The spineis were BUCCESSMlY SyTrnesized
Lzirg the methoo descrbed above. To werty that
the powder produced had the spined stnucture,
severd  samples  were  tesled uUshg M3y
offraction.  The dfraclion pattern cbeained Is
CONSSI2NT WIth 1Re Spine! sinucture.
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The syntnzslzec samples ware then verfled 1o
be truy med spines, win toth Fe and Cr
oUupyng &tEE N the same untt ozl This was
cone by companing speclra of fhe synireszed
spineis wih specta produced by midrg purs
Epin2is n approprats ratics,
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. ) et e B,
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22 sampies wers synireszed, wim over 30
Specra acqured. and changes In the Raman
BPECta WEFE Clearty evider: 35 e composition of
he Sp.'b!l was vared. Some of e data Is shown
biow

Conclusions

By examning he mapr p2ak postons ard
relEve Niensties, the spinel COMpastion can te
centifed to within 15%.

The SEQCm* mode 15 3 symmeti treathing
mode of 3 2lranadral NIO, “*molecule " This moce
rereases in Raman shift from €77cm-! o 703em
quickyy when going ‘om the normal spine
NICr,O, 0 NIFeCrO, but then stays relatively
conslstent from NIFeCrO, fo the Inverse spine
NIF2:0,. This s cus to e NI being replacsa by
Ze iz MO, Malecue.”
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Of course. real comoded stesis wil contan
more han |ust NI, Fe, and Cr, and thus further
stucles on other spinEls wil benes Ihs reseanch,
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