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Goals of the project

Research the correlation between
processing, magnetic and structural
properties of bioactive, ferromagnetic
glass-ceramics with base components

Fe,O,, CaO, P,O, SiO,,




OUTLINE

> About Bioactive Ferromagnetic Glass-Ceramics

> Sample preparation
X-Ray Characterization

> Present Work: Magnetic Measurements at
Oak Ridge National Lab




HYPEF HERMIA

*What is HYPERTHERMIA?

“*Hyperthermia is, very simply, the application of
concentrated therapeutic heat to treat cancer.

“*Hyperthermia, as surgery, chemotherapy and
radiation, is now recognized as the “fourth modality” in

approved cancer treatment.

“*Many bone tumors require surgery, but new
techniques are now available that allow patients with
certain bone tumors to avoid surgery.




Hyperthermia can be
used for bone and soft
tissue tumors
treatment.

CMF is a cartilage tumor




*Ferromagnetic Bio-Ceramics

*Are Dbioactive materials developed from the
original bioglass ceramics by L. Hench (1969) with
the addition of Fe, O, in the system P,O., CaO.

«Contain magnetite (Fe,O,) that generates heat
when an a.c. magnetic field is applied, by hysteresis
loss. Clinically tested for hyperthermic treatment of
the bone cancer.

“* Such application is based on the fact that cancer
cells have a lesser surviving fraction on heat
treatment than ordinary tissues at 42-45 °C .




¢ Biological tests

Rabbit tibia was packed with granules of this glass-
ceramics and also ceramics pins was used as
Intramedullary fixation rods for rabbit tibiae.

This ceramics is considered capable of not only
reinforcing the weakened bone, but also allowing

hyperthermic treatment of the tumor us the figures
shows.




Flgure Jj-3doft X-ray photographs of a tibim.
A: Ho Treatment group, B: Pinning group, ©C: FPinndng+HT (hyper
thermia) group.




Flgure 2. Rabkbit tisia filled with granulas of glass-ceramics in
EoirsE marroe
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PHASE MELT. ANNEAL.
SAMPLES  STARTING COMPOSITION IDENTIEIC. cyo TEMP TEMP(OC)
(°C) (6h)

45(Ca0- P,0,)-42Si0, 10Fe,0, - 3Na +(PO,),
o) ' 1.67 1450  as prepared

10G600

10G800

10G900

10G1000

10G1100




SAMPLES

15G600

15G800

15G900

15G1000

15G1100

STARTING COMPOSITION

45(Ca0-P,0,)-37Si0O, - 15Fe,0,-
3Na,O

PHASE
IDENTIFIC

Ca/P

1.67

MELT.
TEMP
(°C)

1450

ANNEALING
TEMP(°C) /( 6h)

as prepared




SAMPLES STARTING COMPOSITION IDENTIFE. TEMP  TEMP(°C)

Ca/P

PHASE MELT ANNEAL.
(°C) (6h)

45(Ca0-P,0,)-32S10,- 20Fe,0,
-3Na,O

1450 as prepared

20G600

20G800

20G900

20G1000

20G1100




| (counts)

A

Al
AL

W\

W\

W\,

10G900 for various annealing times

‘ ‘ ‘ l’ ! t Y
vk, '!u‘( Y, “dl'«”« ,‘J,m"‘r’ WA ] NV N |,4"

*\ ““’» "!"\*'?“*‘f’:‘;“‘u" sil)

Y i

i
A i)

35 36 39

2-Theta - Scale

/\/\/ sum of 10G900(10h) - File: 10G900(10h)_Add_Scans.RAW - Type: 2Th/Th locked - Start: 8.000 ° - End: 100.000

sum of 10G900(6h) - File: 10G900(6h)_Add_Scans.RAW - Type: 2Th/Th locked - Start: 8.000 ° - End: 100.000 ° -
sum of 10G900(3h) - File: 10G900(3h)_Add_Scans.RAW - Type: 2Th/Th locked - Start: 8.000 ° - End: 100.000 ° -
10G - File: 10g.raw - Type: 2Th/Th locked - Start: 8.000 ° - End: 100.000 ° - Step: 0.020 ° - Step time: 10. s- Tem



| (counts)

700

600

500

400

300

200

100

Annealed at 600, 800, 900, 1000 & 1100°C

I

M

I‘ ’4‘%,“"“
‘ !- ‘JA.MQ\ M«’ i u‘ «\ ) '{LL»‘ 1’:3:‘:‘{:,"&' "‘.’i i(‘

)\
\\‘\\\\

nl \ | -
/ T AAUAJ‘ l\n ln// 'lt_‘ a‘ 'Ee&\" '4’

A i R
\\‘\H\‘\\\

21 22 23 24 25 26 27 28 29

2-Theta - Scale

“ T \"L\

Vi “mu‘

30 31

L 5G600.Raw

WU5G - File: 5g.raw - Type: 2Th/Th locked - Start: 8.000 ° - End: 100.000 ° - Step: 0.020 ° - Step time: 10. s - Temp.: 25 °C (Room) - Time Started: 2

Operations: Strip kAlpha2 0.500 | Background 1.000,1.000 | Import
14 176-1821 (C) - Iron Oxide - Fe203 -Y:62.81 % -d xby: 1. - WL: 1.54056 - Hexagonal - l/lc PDF 2.1 -
|z|09-0169 (1) - Whitlockite, syn - Ca3(P0O4)2 - Y: 62.81 % - d x by: 1. - WL: 1.54056 - Rhombohedral -
[A]76-0941 (C) - Cristobalite low - SiO2 - Y: 62.81 % - d x by: 1. - WL: 1.54056 - Tetragonal - I/lc PDF 5.1 -
[X]88-0315 (C) - Magnetite - synthetic - Fe304 - Y: 62.81 % - d x by: 1. - WL: 1.54056 - Cubic - I/lc PDF 5.1 -
m)18-1170 (I) - Tridymite-M, syn - SiIO2 - Y: 62.81 % - d xby: 1. - WL: 1.54056 - Monoclinic -

5G800.Raw
k' 5G900.Raw
LAl 5G1000.Raw

+ 5G1100.Raw




B Annealed at 600, 800, 900, 1000 & 1100°C
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PRESENT WORK

We are investigating correlation between processing

parameters (starting composition, heat treatment)
and
magnetic properties of ferromagnetic bioceramics.

SURA/ORNL 2002




FUTURE WORK

» Quantitative analysis of the phases using the
Rietveld method

» Magnetic structure from neutron powder
diffraction

SURA/ORNL 2002
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