Samples:

> 45% P,0O. + 30% CaO + (25-x)% Na,O + x% &
Where 6 = Cu,0, CuO, %2 Cu,0O
And:
> 50% P,O. + 30% CaO + (20-x)% Na,O + x% &

Where 6 = Ag,SO,

WARWICK



Polyphosphate glass:

55% non-P,0O,
Thus

f(Q?) = (2-3y)/(1-y)
=0.7/8

f(QY) = (2y-1)/(1-y)
=0.22

Intensity / a.u.

x =10
6 =1/2 Cu,0O

x=0

No added Cu

QZ

16% Q1, 73% Q2
10%Q?

(error of 1%)

16% Q*1, 84% Q2
(error of 1%)

200 100

e,

0 -100

PpPM

N

-200
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CuO doped samples:

Cu,0O and % Cu,O
doped samples:

e Q! remains constant * Q! decreases with

Q2 decreases with
iIncreasing CuO

e Q3increases with
Increasing CuO

Q2 s Q3

iIncreasing Cu,O
Q2 decreases with
increasing Cu,O

e Q3 increases with
Increasing Cu,O

WARWICK



This correlation between increasing Cu content
and the change in Q species suggests:

 As Cu % Iincreases we are forming more

bridging oxygen atoms between the 3P atoms in
the sample.

* This was unexpected as the Cu atoms were
expected to bond to these oxygen atoms, hence
reducing the number of bridging oxygen atoms
to phosphorous atoms.

WARWICK



* The ternary sample 45% P,O. + 30% CaO
+ 25% Na,O was found to contain less Q!
than any of the 1% Cu doped samples
which brings into question the general
decreasing trend in the Q! species found
In each case.

e Q% .— Q3 when more Cu is added to the
system.

 The next step Is to find out why...?7??

WARWICK



Non-crystalline
samples

50% non-P,0O,

Theoretically -
Networks are based
entirely on Q2
tetrahedra forming
chains and rings

Metaphosphate glass:

Intensity / a.u.

X=0
No added Ag

R S
Chemcal Shift/ ppm

WARWICK



Ag doped samples:

Predicted to be all Q2

All 100% Q2 species present until 20% of
Ag,SO, Is added

At 20% doping we have 87% Q2,8% Q3 and
4% Q1

Also present is an unidentified peak (2%)
Why???

WARWICK
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* The crystalline phase Is less anisotropic
than the glass phase, this gives rise to:

- Narrower peaks
- No related side bands

- Different T, relaxation to the glass
peak

WARWICK



Pulse delay 3s /

Pulse delay 30s

Pulse delay 120s —p

WARWICK



Peak 1 (QY) Peak 2 (Q?) Peak 3 (Q3)
Sample Cu

content o6 . /ppm Al/ppm /% |& ., /ppm A/ppm 1/% |6 . /ppm Al/ppm |1/%
+0.2ppm +0.7ppm + 1% +0.2ppm +0.7ppm +1% +0.2ppm +0.7ppm +1%

0 -6.5 8.0 16 -22.5 9.8 84 0

CuO 1% 2.6 10.1 23 -13.5 12.1 77 0

Cu,0 1% 2.2 10.0 24 -13.6 10.8 76 0

half Cu,O 1% 2.2 9.5 22 -13.7 11.2 78 0

CuO 5% -6.6 12.1 23 -22.2 12.3 69 -34.8 12.8 8

Cu,0 5% -6.7 10.9 18 -22.5 12.1 74 -35.9 14.3 7

half Cu,0 5% -7.1 10.6 17 -22.8 11.8 78 -34.8 11.6 6
CuO 10% -7.3 13.9 22 -23.0 14.1 64 -38.0 14.6 14
Cu,0 10% 0.4 13.1 16 -15.0 13.3 73 -28.0 12.6 10
half Cu,0 10% -7.7 12.7 14 -23.5 13.3 75 -37.7 15.0 10

WARWICK



Potential Papers

I Nb205 - SIO2 Sol-Gel Binary & Nb205 —
TIO2 - SI02 Sol-Gel Ternary XRD & EXAFS
(Possibility to split into two papers)

All results finished, just need to write paper/papers.

1 TiO2 - SIO2 in-situ gelation XRD (Not sure
If the results are particularly interesting)

Results have been looked at and don’t seem to show
much change with time. Needs further work.

1 TiO2 — SI02 in-situ heat treatment XRD
Results look promising. Need to fit individual scans.



(Nb205)0.0375 A (Ti02)0.075 \
(S10,), gg75 heated ex-situ




(Nb205)0.0375 h (Ti02)0.075 \
(SI10,), 5975 Neated In-situ

—1t0, T28
t71, T199
t386, T250

— 1450, T455
t529, T705
t614, T750
t635, T374

(rdf+rho).*r

7 4
6-
5
4_-
3-
2
1_-
0-
1-
2-




(Nb205)0.0375 ) (Ti02)0.075 )
(SI10,), g575 heated In-situ




Differences caused by errors in the
density

(rdf+rho).*r

Density = 3.9 gcm™
Density = 2.5 gcm™




UCL (Eastman Dental Institute) - Kent-
Warwick-Imperial Sol- Gel Project
Meeting

Dr. Ifty Ahmed
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Silver-Doped Glasses Investigated.:

Composition Mol%
P,O CaOo Na,O Ag
P50 C30 N20 50 30 20 0
P50 C30N19+ Ag=1 50 30 19 1
P50 C30N18 + Ag=2 50 30 18 2
P50 C30 N17 + Ag=3 50 30 17 3
P50 C30N16 + Ag =4 50 30 16 4
P50 C30N15+ Ag=5 50 30 15 5
P50 C30 N10 + Ag =10 50 30 10 10
P50 C30 Ag = 20 50 30 0 20

eastma

DENTAL
INSTITUTE



Degradation Studies conducted in Nutrient Broth
and dH20:

-2

Weight loss (mg.mm

o 9o
o
o

o
(o]
|

0.2

0.18 A

0.16 -

— 0.14 -

o
=
N

o
=

o
o
=

0.02 +

—— 0 mol% Ag —=—3 mol% Ag ——5 mol% Ag ‘

——0mol% Ag —=— 3 mol% Ag —— 5 mol% Ag

60 80
Time (H)

20 40

Study conducted in Nutrient Broth

100

120 0 20 40 60 80 100 120
Time (H)

Study conducted in dH20

DENTAL
INSTITUTE
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pPH Studies conducted in Nutrient Broth and
dH20:

‘—.—Omol%Ag -=—3 mol% Ag +5m0I%Ag‘

&l
[ l

—— 0 mol% Ag

7 5
6

-3 mol% Ag —5 mol% Ag

0 10 20 30 40 50 60
Time (H)

Study conducted in Nutrient Broth

70

T T 1
80 o 20 40 60 80 100 120
Time (H)

Study conducted in dH20

DENTAL
INSTITUTE
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Cation Release from Silver-Doped PBG's:

90

80

70 1

60 -

50

ppm

40 4

30 A

20 1

10 ~

——0 mol% Ag

—=—3 mol% Ag —+—5mol% Ag

20

40 60 80
Time (H)

Sodium ion release profiles

100

120

90

80

70 A

60 -

50 A

ppm

40

30

20 1

10 4

—— 0 mol% Ag -3 mol% Ag —— 5 mol% Ag
20 40 60 80 100 120
Time (H)

Calcium ion release profiles

DENTAL
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Anion Release from Silver-Doped PBG's (1):

——0 mol% Ag -3 mol% Ag —+—5 mol% Ag

0 20 40 60 80 100 120
Time (H)

PO,* anion release profiles

‘+Omol%Ag —=—3 mol% Ag *Smol%Ag‘

1.2 4

0.8 -

0.4 A

0.2 4

T T T T T !
0 20 40 60 80 100 120
Time (H)

P,0O,* anion release profiles

DENTAL
INSTITUTE
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Anion Release from Silver-Doped PBG's (ll):

—~—0mol% Ag —=-3mol% Ag —5mol% Ag

——0 mol% Ag —=— 3 mol% Ag —- 5 mol% Ag

40
2.5
35
2 -
30 1
25
1.5 1
g. 20 1 g
e o
15 - 1
10 §
0.5
5 .
O T T T T T 1 O T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (H) Time (H)
P;0,* anion release profiles P,0,,5 anion release profiles
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Density of Ag Compositions Investigated:

2.95 ~

29 -

285 - y=0.0216x + 2.5979
R?=0.9943
28 -

2.75 A

Density (g.cm3)

2.7 A

2.65 -

26 4

2.55
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Average Tg Data Using DTA + DSC.:

430 - e Tg

420 -

410 - }
400 B { 'S { {

®

Tg °C390 -

380 1

370 -

360 -

350

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Ag (mol%)
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Average Tg Data Using DTA + DSC.:

430 +Tg

420 -

y=1.5417x+ 380.46

410 - R%=0.9741

400 -
Tg °C390 -
380
370 -

360 -

350

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Ag (mol%)
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UCL (Eastman Dental Institute) - Kent-
Warwick-Imperial Sol- Gel Project Meeting

E. A. Abou Neel and J.C. Knowles
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K,O Containing Glass Code and Compositions
Investigated

Glass code P,Oc CaO Na,O K,O
content | content content content
(mol %) | (mol %) | (mol %) | (mol %)
0% K,O 50 20 30 0
5% K,0 50 20 25 5
10 % K,0 50 20 20 10
15 % K,0 50 20 15 15
20 % K,0O 50 20 10 20
25 % K,0 50 20 5 25
30 % K,O 50 20 0 30

eastman .



Differential Thermal Analysis

Ta
P50Ca0Kao Tg Teo
S S
T c1 T m2
PsoCa0NsKas Tm1
g /\

2 -
£ e N/

S T T m2
g P5oCa0N1oKao ' 9 ‘/\ Tmi

+—

c1 c2
LW PsCaNisKs ¢ T ma
$ 9 ‘A T mi
Teo

&) T Ter

— P50C20N20K10 g L — Tmi

=

T T

=

< Ta T Tm T

L P50C20N30 Tg ‘/\Cz m

T ml
T m2
\ T T T T T T T \
200 300 400 500 600 700 800 900 1000

Temperature (°C)
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Accumulative Degradation Study in Deionised Water

; 045 1
= 0.0016 -
>
= o 0.0014 - —
@ g
& £ 0.0012
= =
= €  0.001 A
o <
R 8
= &  0.0008 -
(91 >
= n
& 2 0.0006
o 4
D c
= S 0.0004 -
= g
p= >  0.0002 H
= (@]
© P O Y~ N O B
B3
!

N30 K5 K10 K15 K20 K25 K30
0 100 20 300 400 500 Glass Code

Time (min)
+N30 = K5 K10 * KI5 x K20 * K25 + K30
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pH Change

pH
-
#
——

0 100 200 300 400 500 600

Time (min)

¢ N30 m K5 K10 % K15 x K20 e K25 + K30
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Titanium Containing Glass Compositions
under Investigation

Glass code P,O, content | CaO content Na,O content | TiO, content
(mol %) (mol %) (mol %) (mol %)
1% TiO, 50 30 19
3% TiO, 50 30 18
5% TiO, 50 30 17

eastman .



Cell Viability of MG63 on Titanium Containing Glass
Discs

eastman =
INSTITUTE




Sol-gel Meeting 27/01/2006

Vicky FitzGerald




XRD

loglass®
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Bioglass® XRD

Ad5agsh SBF reacted for 2ohours
Lnreacted S7TOC30 foam

T T T
2 3

Féangstroms
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Tantalum Model 10%

Distance / A | Co-ordination
1.61

1.81

Distance / A | Co-ordination

1.61 4.5 3.79

191 3.6 4.63

Y Axis Title

2.06 1.95
2.62

3

11

2.64
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3.05 4.4

3.38 6.1

3.72 2.2

Y Axis Title
o
1

Y Axis Title

% |

Si-O close-up

fmg

Ta-O close-up

X Axis Title X Axis Title
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Tantalum Model 40%

Distance / A

Co-ordination

Distance / A
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1.61

4.1

1.61,1.90

3.22
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UNIVERSITY OF KENT



Distance / A

Co-ordination

Distance / A

Co-ordination

1.61

4.15

1.61

3.89

2.32

2.4

2.2

Total 5.97 Ca-O

25

2.4
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PHOSPHOBORATE GLASSES

Sol-gel synthesis of Phosphoborate glasses without SiO,

Very few studies:
P,05-B,05-Al,0, Amorphous up to 500 C (J. Mater. Chem., 2005, 15,1640)

P,05-B,05-Li,O Crystallise at 120 C (J. Mater. Res.., 1999, 14, 4)

P,0.-B,0,-Ca0



Sol-Gel Synthesis

P precursor: P,O, + 3EtOH — OP(OEt)(OH), + OP(OEt),(OH)

OP(OEt)(OH), + OP(OEt),(OH)

B(OEt); or H;BO,
Stir 15’
Na(MeO) in MeOH solution
or
CaCl, in EtOH solution
Stir 3 hrs

Clear solution

Sol-Gel
50 C

Calcination 200 C- 300 C-400 C




P,0: B,0O, Na,O CaO Precirsor
30 40 30 B(OE1)3
30 30 40 B(OE1)3
40 40 20 B(OE1)3
40 30 30 B(OEt)3
40 20 40 H3BO3
40 20 40 B(OE1)3
40 10 50 B(OEt)3
45 10 45 B(OE1)3
50 40 10 B(OEt)3
50 30 20 B(OEt)3

Gelation time 10-15 days




TGA/%

100

90

80

70 4

60 -

50 -

TGA gel

PO, 40 % B.O, 30 % Na,0 30 %

|
200

| ! | ! | ! |
400 600 800 1000
Temperature (°C)



Intensity (a.u.)

XRD 200 C

ons 40 mol % - 8203_ NazO

200 C
B(OEY),
me wimisttesties 40 mol %
B(OEY),

WW’“WMMW 30 mol %
',WMMWWWMMWWB(OEt)s 20 mol %

H.BO

- > % 90 mol %

T T T T ' ! ' ! I I I I I I
10 20 30 40 50 60 70 80

20 (degrees)

Intensity (a.u.)

P,0, 45 mol % - B,O,- Na,O
B(OE),
200 C
10 mol %
' 20 % 4 5 e 7
20 (degrees)



Intensity (a.u.)

XRD 300 C

—B20

P205 40 mOI% = 8203' Nazo : 228
B(OEt)3
300 C

Effect of 8203 content
* *BPO,

40 mol %

WMMMWMMW‘“ 30 mol %

WMMW 20 mol %

I 2|0 I 4IO I 6|0 |

20 (degrees)



Intensity (a.u.)

XRD 300 C

P205 50 mol % - 8203- CaO

B(OEY),
300 C
* BPO,
40 mol %
MWWWWMWMMMW 30 mol %
| ! | ! | ! | ! | ! | ! |
10 20 30 40 50 60 70

20 (degrees)



Conclusions

and

P,0,-B,0,-Ca0

All mainly amorphous up to 200C
Samples with B,O5; < 40 mol% amorphous up to 300C

Samples with B,O5; > 40 mol% BPO, phase ppt

Future Work
P,O.-B,0,-Na,O with P,O, 50 mol%
Add small amount of SiO,
Characterise BPO, phase (nanocrystalline?)
BPO, Li-doped for Li-ion batteries

Low dielectric constant

Samples sent for TEM



Abs

-0.4

-0.8 1

Ag K-edge XANES

0.0- /FW

—— Ag3PO4 - 4 short (2.4 A) 4 long (3.3 A)
—— Ag2S04 - distorted octahedral (r_bar 2.5 A)
Ag20-20O'sat2 A
—— AgO - two 4-fold sites (r1=2 A, r2_av=2.4 A)
—— Ag foil
P50C30Ag20

T T T T T T v T T T T T T I
25520 25540 25560 25580 25600 25620 25640
Energy / eV

Abs

-0.6 1

-0.8 1

0.0+

-0.2

0.4

— P50C30Ag20
— P50C30N5Ag15

P50C30N10Ag10
— P50C30N15Ag5
— Ag2S04

-1.04

T T T T T T T T T T T !
25500 25520 25540 25560 25580 25600
energy / eV

Problem: Ag K-edge XANES not sensitive to small changes in geometry of
Ag site (Sipr et al. Phys. Rev. B 69 134201)



FT k" chifk)

P50N10Ag20

Ag K-edge EXAFS

t)elewed

EXAFS (
CW 33 Theorysko

10

EF 13.8 VPI 0.00 AFAC 0.93
EM N 66.4 EMAX 661, SPARET -1.00
LMAX 25.0 MTRI 1.44 MTR2 1.00
MIR3 1.28 MTR4 1.97 MTRS 1.44
FI 000086 R 35.68
M) 1.0 TO 1 (AG)RO 0,000 A0 0010 -1 0
NI 41 T1L 2(0) Rl 2277 Al 0029 1 0
N2 39 T2 2(0) R2 2626 A2 0040 1 O
M3 60 T3 3(P) R3 3630 A3 0052 1 0
Experi nent r25506.prn
Paraneters 125506.par
Phaseshifts exphsal.age
exphsal.o
exphsal.p
exphsal.ca
exphsal.ag
Sample Shell N R/A A/lA2 R/ %
P50C30N10Ag10 | Ag-O | 4 2.22 0.024 35.5
Ag-O 2 2.55 0.021
Ag-P 6 341 0.042
P50C30Ag20 Ag-0 |41 2.28 0.029 35.7
Ag-O 3.9 2.63 0.040
Ag-P 6 3.63 0.052




PDF T(r)

High energy XRD on Ag-doped samples

Sample R /ang N sigma/ang
- Egggggﬁi&mm P50C30N20 PO 1.47 1.89 0.05
P50C30Ag20 PO 1.60 2.50 0.07
CaO 2.34 5.50 0.14
NaO 2.37 5.99 0.11
0]0) 2.54 5.27 0.10
PP 2.94 3.72 0.12
P50C30N10Ag10 PO 1.49 2.00 0.02
PO 1.60 3.00 0.04
CaO 2.34 5.50 0.10
NaO 2.36 5.30 0.11
1 /‘\ AgO 2.50 5.10 0.12
0]0) 2.54 3.60 0.11
W PP 2.93 3.72 0.12
0 1 2 4 5
r/A
Sample Density /gcm™
UKC UCL
P50C30N20 2.52 2.60
P50C30N10Ag10 2.78 2.81
P50C30Ag20 2.42




Neutron diffraction
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Sample Preparation

Ti(OPr'), 2-methoxyethanol

(TiO2)05(P20s)o.5 Samples

Ca(methoxyethoxide),
Sample Heat treatment Composition / mol%
OP(OH)(R)./ 1hr . Tio, P,0: Sio;
OP(OH),(OR) stirring
R=Et or But" 50T50P15 none 62.1 37.3 0.6
50T50P15 500 °C 60.1 39.3 0.6
50T50P16A none 63.0 36.4 0.6
Solvent/H,O/HCI
2 50T50P16A 500 °C 614 38.1 0.6
50T50P16B none 61.6 37.7 0.7
sol 50T50P16B 500 °C 60.3 39.0 0.6
RT, 24 hr
wet gel

60 °C, 2-4 weeks

dried gel

500 °C, % hr

glass




