WO 2012/046082 PCT/GB2011/051938

log o(P(H20)(atm)

-1/42-

Enamel

Dentine

) |

i
=/

Pulp

Cementum

Figure 1

Ca-Si-O-H-P, 300 K
0 < Si/(Ca+Si) < 0.25, log; o F(02) =-I(atm), '+'= 1 atm P(total) isobar

L CayHO,Py(s) CatlPO (200
0 AAAAAAAAAAAAAAAAAAAAAAAAAAA ke b b e b bbb e b BB

' 3 Py
LA I e i e B 20 B A B M i e e 2t A M B A B e 2 e o —~ e a0 0 e 0 00 0 e e L LI e e

-1 F _~"CayPy0,(s2)+H,Si0(s)

C32P202(82)+Si02(8)

-10 k
11k
12 F
13k
14 L

_15 i L1 1. L1 A L [ S

220-19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 2 -1 0
logj o (a(H3PO4(s))

Ca02P2(s)+Si02(s)

+
+
+1 4

Figure 2a

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

log, (P(H20)(atm)
A

-2/42-

Ca-F-La-O-H-P, 300 K
FACa+F+La) = 0.25, La/(Ca+F+La) = 0.25, log, j P(02)) = -1(atm)

L LI LR LN T L) L. L L v T LI LB L L |

LaF3+La;03+Ca(HyP0y4),.H-O

LaF3+La203+CaP206 7

L.

R

| | L ] 1 L 1 L | | | S| [ [

-20-19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 4 -3 2 -1 0 1 2 3

log) o (a(H3PO4(s))

Figure 2b

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082

PCT/GB2011/051938

Intensity counts / s

3600 -

1600 -

400 -

0

L AN 5 SNl A S Sn B S e UL A B S A BN N N RS S HL AR BN ONL B AL L BN SR NLAN S AL A S ML L AL SN SN A Ak a N BB HLUNLEL SN B SN S BN A

10 20 30 40 50 60
Degrees 26

Figure 4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

WO 2012/046082

-4/42-

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

WO 2012/046082

-5/42-

%,

Y

%

AN

7

A R

.

TR

?

A

¥ Y I |}

O [ < S < (o=
v (= v (= Ug] <o (=]
[ag} (a2} (o] (o] — — wy

(wu zF) wu 9ZIs 9[o1ed 28eIAY

12

10

5.1

pH of starting slurry

Figure 6

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Figure 8

cps
80

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-7/42-~

30s

Figure 9a

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

g Dl I
4;:unnr n,u :, |:-: HSE 111 i3

Bﬁmﬁg_L T R T R L, S

C
Ca
01C Na J\P clL cl ]\,:

5oos 1 5 55 6
Full Scale 6912 cts Cursor. 6.073 (7 cts)

Figure 9b

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-9/42-

owe Ny 5

n

Bl ccV  Spot Mag
Tt kV 5.0 341x

p Ca
0
C
citd| N P aa Ca
s 1 15 3 25 3 35 4 45 5 55 6

Full Scale 6912 cts Cursor. 6.073 (7 cts)

Figure 9¢

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

-10/42-

WO 2012/046082

b 00
1~
= \O

sl

p "k

c
=i
§ ©
=
S
a
p

=
_—
~-r
[ap]
0.,
o
2
0,

Na
H

cV

C
Ca
Ca

Figure 9d

SUBSTITUTE SHEET (RULE 26)

Full Scale 5036 cts Cursor. 9.916 (0 cts)




PCT/GB2011/051938

-11/42-

WO 2012/046082

01 2an31g
Hd
91 4 4 01 8 9 14 z 0 (i
”. ) ' ) NMFTOW#YW/_ - ' ) ' @._V.Tﬂm..Twmln Cl-
- 0'1-
]
N CE+ECHOY 10
- [~ {90
[
- 1v0
[ f .
- co
;
- TEHILH08 ~——__] 00
z 470
N+(HO)eD+dVH -
/ + &U.Ts NM&@V..TVK.L ] .VO
S +C qE+Sr+9]
190
i
4 80
L .
vcrceroL ceqonre, 01
[ 05+SE+ 121
-
- /J Pl
- L
B ] 91
[ . 1 . - . 3

(sa100)g
SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-12/42-

200 Mag 2 10088K X Signd A Intane
I EHY » 3004V WD+ 49rm Dute -27 24 2009

- Figure 11a

“00mm LD00KR  Spethsilens D b o Mige 11000KX  SowAminleny
P} o - i B BTy 30N WD 3 0mn Dots 1308 2003
6MT » 3004V WD + 39 nom Oro 113 ha 2008 * :

Figure 11b Figure 11c¢

T BT 300 e A e moem D 19 Age T
Hepe 00K K # - -4 Sha Jrwes Prexy Py + Bh “are 18 2207

Figure 12

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082

PCT/GB2011/051938

-13/42-
2.5 .
. ——— ATPO41WE f
2.0 - — AIPO42wt
1 |- 1Yb203
1 | 2wtYb203
8 1.5 ,
= .
Q -
a -
< 1.0 N
0.5 7 +
i /B S
0.0 .
r’rrrTTTjjj—lllll'l'llrrrTTTTTﬁj—'
500 1000 1500 2000 2500 3000 3500 4000 4500
. Wavenumber, cm
Figure 13
2400000 - L ¥ LI Ll 1 L L L v r L) L L L} l MLl L ) T
- Exitation wavelength: 980 nm diode laser with .
] several emission bands in near IR ]
. 2000000 — -
g a ] ]
o < - -
BT - .
5 2 1600000 -
g2 ° i ]
E
5% ; .
5 T 1200000 - ~
2§ ] ]
g " ) N
£ 800000 4
400000 ~
O L L Lo L T L Ll L Ll r L L LE Ll ' v LI L L{
1100 1200 1300 1400 1500
X Wavenumber, nm
Figure 14

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

WO 2012/046082

-14/42-

Figure 15

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-15/42-

;).' ¥ " 4 B

.

» o

»
.»?'(?’ a
il ] st

”
b o
‘-e“’t ‘ ‘f" { L. ”ar
) ¥ Ve N L4
. Y ")
= 2epem Mage 75000 oA A s inlens
e [USTRIRGE 3 3 P ey ) .
i Erre 3o WO+ 33 Gen 26 1 2010 ! oq- 36w Wos 3¢ Cor B Te

2rn i LT 7 « L =D oS
W AEAC-
0 Nagm GTIGKK scrda e G
T e 3W Wi y2em Res 5322 010

Figure 16

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082

Intensity (a.u)

Intensity (a.u)

-16/42-
6000 —
HAp
4000 - —— HAp-pH 9-200°C-24h
2000 —
O -
6000 - Monetite
4000 ——— HAp-pH 8-200°C-24h
2000 - l
0 L ] L 1 LI L) L) 1 L ] LI "' L i | ) r L I
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 17
| CalO(PO4)6(OH)2 major peaks JCPDS ref 01-074-0566 |
6000
—— HAp-pH 9-200°C-24h
i HAp
4000
2000
0 T 1 T | LB | T T T T T 7 T T T T 1
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 18

PCT/GB2011/051938

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082

Intensity (a.u)

Intensity (a.u)

PCT/GB2011/051938

-17/42-

| Cal0(PO4)6(OH)2 major peaks JCPDS ref 01-074-0566

6000 4
——— HAp-pH 10-200°C-24h
i HAp
4000 +
2000
I M
0 1] ' L 1 i ] L |' LS 1 L ] L r L 1 L) ]
0 10 20 30 40 SO 60 70 8 90
2 theta (Degree)
Figure 19
6000 "]
—— HAp-pH 11-200°C-24h
i HAp
4000 ~
2000
O ¥ [| L I L r ¥ l L ] 1 r L | L ]' L |
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 20

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

) ..’ P % T -
> I A - )
| JREREE ‘* e « ’1
. * - A Ca # r N
“ : ~ 4 . . i
R S R
g, PR N >
"'v " o LN Ca - "o Gt
Ay L ot 1
"“’1/ i M 5 S W R |
T R ST
. - . 2 : N X -
- W oy T T~
- e L % 7 A, “"’+
-~ L 4 .
- g, g W M o &
r R ! o A *
Crm o e e s ¥ e s
00 & Rigr QAKX Sgrd dnimicn @ i
— 15 30 Wb sozm 2 3 & 2000

. R 4
A . N
e g - ‘
’ g j : ¢ s i !
10 ey 3B IR K S A em @
— £31 = 3004 W= 4amn Dae 77 247002

Figure 21

290 e Mag + GI2RX Sgatantatess

i : | & Ragr SITIHE Spwas mism
e 10N Wha 32eva tae ZsUw 20 W4T » 3 00k WOn 3bew Ca 2 Hte 2010

Figure 22

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082

-19/42-

SUBSTITUTE SHEET (RULE 26)

PCT/GB2011/051938

e .
R p
Cerdhabalan

o~ (21K
Figure 23

EHT = 38w




WO 2012/046082

o
=
<

~

2
17)
=

&
L]

Intensity (a.u)

24000
22000
20000
18000
16000 -
14000 -
12000
10000 -
8000

6000 -

4000 -

2000 -

04—

PCT/GB2011/051938

-20/42-

| Monetite major peaks JCPDS ref 01-089-5969

Monetite

———— HAp-Aged2Wks

0 10
Figure 24

8000

6000 -

4000 -

2000

8000

6000

4000 —

2000

| L

L

=
20 30 40 50
2 theta (Degree)

60 70 80 90

HAp

——— HAp-pH 10-200°C-24h

Monetite

~———— HAp-precipitation

0 10

Figure 26

20 30 40 50

2 theta (Degree)

60 70 80 90

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-21/42-
24000
- Monetite
12000 + —— HAp-Aged6Wks
N .
24000
g Monetite
g 12000 + ——— HAp-Aged4Wks
E
0 - y N y N A
24000
. Monetite
12000 - ——— HAp-Aged2Wks
0 “1 X ﬁh‘ L TA.T‘ T “->» | L | L
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 25

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-22/42-

LTy T S @ Clam
Ce 100w e ypem

Ugs Q203 anenlay

T+ 300 WO 208w

Figure 28

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

~23/42-
8000 1 Monetite | Monetite major peaks JCPDS ref 01-089-5969
1 ——— HAp-1%ATPO4
6000
£
2
g
& 4000
:
.
2000 - o
0 L] 1l R B ) f L ) L T L) LI ¥ T L L l
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 29
Brushite major peaks JCPDS ref 00-001-5395
18000 ] Brushite | bl
16000 ~ |

Calcined-HAp-1%AIPO4

0 L ‘ v ‘ L | L ] L} 1 il 1 | |1 l—l |

0 10 20 30 40 50 60 70 8 90
2 theta (Degree)

Figure 30

SUBSTITUTE SHEET (RULE 26)




WO 2012/046082 PCT/GB2011/051938

L Muge 1E3NK - Mag e 2e IR

A O s 3000 o eV

Figure 31
. | | Brushite major peaks JCPDS ref 00-001-0395
|
6000 — Monetite —— HAp-1%Tm203
3 4000 - |
> |
g 1 |
k|
2000
) ll
bl
1
0 L) 1 L 1 L T v 1 L r L ] Ll " Ll r L "
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 32

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Hoipw O Ymn L&a 10ua 010

Figure 33
| Monetite major peaks JCPDS ref 01-089-5969
8000 | ~—— HAp-precipitation
i Monetite
. 6000 |
=
s i
2
)
g 4000
c
-
2000 uh
4 M
0 L} ] L) [ L r L l L] —' L ] L r L] [ | L 1
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 34

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Figure 35
| Brushite major peaks JCPDS ref 00-001-0395
6000 -
——— HAp-AIP04-precipitation
=
<4000 A
2
g
Q
k= .
2000
]’ L
0o 10

2 theta (Degree)

Figure 36

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

) Mgy IHKX G 4.0 s
ENTs ¥000Y LODEE L]

‘ S .
Lo @it 3oV e 19w

Figure 37

3 #
Wag 378X

Sy TRADKX..
DEre 3000

ey
eEW
et

S o 4 28 KX

P BTt 5 200N e ahowm Y

Figure 39

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082

Intensity (a.u)

6000
_‘

4000 -}

2000 -~

6000 -

4000 -

2000 ~

PCT/GB2011/051938
-28/42-
f-/\‘\ New peakg
——— HAp-2%AIP042%CaF2
New peak ﬂ\ New peaks
-
——— HAp-AIP04-precipitation
T v T T | ¥ T T T 1
10 20 30 40 50 60 70 B0 90
2 theta (Degree)
Figure 38

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-29/42-

—— HAp-1%AIP042%Tm203

30000 oo

15000

Intensity (a.u)

30000

———— HAp-AIP04-precipitation

15000

-
-

0 10 20 30 40 50 60 70 80 90
2 theta (Degree)

Figure 40

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Intensity (a.u)

s TZana = . @ tagr BIR
AWt 300 Dt RR WS

r

=
e R2EK T b 4 Glern
(Lo TN GO A b

| Brushite major peaks JCPDS ref 00-001-0395

. ——— HAp-1%AIP042%Er203
Brushite

20000 -

,'_JLJ Iy

R | L) | L 1 - | L} LI L 1 1 | L V L 1
0 10 20 30 40 50 60 70 80 90
2 theta (Degree) ’
Figure 42

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-31/42-
o ~——— HAp-2%AIP042%Er203
30000 - p-2% o
. e
_ 15000 - None Brushite peaks
.;; - ~—
2
£ 30000 -
£ i
——— HAp-AIP04-precipitation
15000 —
-
. e
MA_.. P . -—
Ll 1 L) 1 T r i r L I L] i L || Ll r Al '
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)
Figure 43

Fal LaReh e imey
e ——f N . -
T 2150 o Wor 17 2y 0t S t—t e 3w we s 2To

== R e )

Figure 44

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Intensity (a.u)

-32/42-

—— HAp-1%AIP041%Er2032%CaF2

20000 Na
NN\

—— HAp-2%AIP042%Er203
20000 — e " \
| l L l Ll 1 Ll 1 L l 1 r L) 1 L l L | |
0o 10 20 30 40 S0 60 70 8 90
20000 ~ —— HAp-2%AIP042%CaF2
W ~A R S
] T T T T T 1T 7T | B T T =T 7 1
0 10 20 30 4 50 60 70 80 90
20000

T 'Mfﬂﬂkﬁ“f?*i T
0 10 20 30 40 50 60 70 80 90
2 theta (Degree)

Figure 45

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

WO 2012/046082

-33/42-~

100X

Figure 46

Figure 48

Figure 47

saimey

B+ -

e e

Yodie il

Figure 49

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

WO 2012/046082

-34/42-

8
3
8

WO &l om

ERT G000

Gared As trian

tags TBAX

0 Mar 1510

Deis

= THeom

W

L ARV 1

WO T4 e

EHTs 10008V

50

Figure

g
H
:

Chats £33 bhay 2030

il 4 % Wit
WG 45w

BT e YW

Figure 51

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Mun mge 011X Luac tuomy
Ote 3TV AD 2B e 13y ST

Mag= 6382 Cigral s « ars
otrs Y0¥ s D

D Vage 03t R Cagmat & = tnd oy
AL 10) woesasom OFe DEF W0

3
T Nag= oSk K LA v ine e 1A T3 teviey |
= va-me w011 BNIE . R 3L U X C

L LRI ALY ) TomA = AL
b [ RET-1 WD 1 tem o2 By T0 |

Figure 53

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

wgr tren
DT 1w A0« 0o Des 131, 2008 LLERT Y

™3 Scrabciniem
BT e 1050V D 3t

Mage 1192
Exta 3030

Figure 55

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

Weight loss %

Intensity (a.u)

-37/42-
25 1
- " Precipitated HAp
20 - Precipitated HAp-AIPO4
15 4
Precipitated HAp-AIPO4-Er203
10
5 -
. Precipitated HAp-AIPO4-CaF2-Er203
0 —_r‘r Ll l 1 ] 1 ] L —l I ' 1 —' il 1 v v 1 L 1
100 200 300 400 500 600 700 800 900 1000 1100
Change in Temperature °C
Figure 56
O Brushite  + HAp - CaFp
v Monetite o AIPO4 # ErpOs
®

Doped CaP

Vo

~0.0~v

Undoped CaP

oV g wWIe Vv

Monetite
01-070-1425

0 10 20 30 40 50 60 70 80 90

2 theta (Degree)

Figure 59

SUBSTITUTE SHEET (RULE 26)



PCT/GB2011/051938

WO 2012/046082

-38/42-

P o

WS Promm

2w

gy AN

it

(b)

(a)

Figure 57

iz

=N alars

)

b

(

Figure 58

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

By LILA
[x 3 Blite

Vag= 32
B4~ 300 &

Mega LI9AX
Dete 113 Ly 2012 ©HT » 300 2s Date 113 4y 2243

Figure 61

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-40/42-

-~ e = wt 2
e §ooE, Lo bt Ty v T Eeys 3w

> e : _ V = .ﬁ-‘ e o - W
e e Ot SomN s Komad ity e 39 b« e ==

=3 e e [

Figure 62

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

‘! Occluded dentine under the focussed
spot of a pulsed 1520 nm laser in |
undoped CaP with discontinuous pores

’ 40um “Electron Image 1

2

Occluded dcntme under the focussed spoto” * |
a pulsed 1520 nm laser in doped CaP i
|

showing no pores or cracks. The average
sintered layer thickness is around 10 um.

A

100um

Electron Image 1

Figure 63

SUBSTITUTE SHEET (RULE 26)



WO 2012/046082 PCT/GB2011/051938

-42/42-

1 CaP-ATPO4 (16.8%)

4 CaP-only (22.7%)

CaP-AIPO4-Er203 (7.3%)

Weight loss % (g)
(7S
i

CaP-AIPO4-Er203.CaF2 (7.2%)

T T T T T A

T ) T L T
200 400 600 800 1000

A°C

Figure 64

SUBSTITUTE SHEET (RULE 26)



