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: ) : Advantages Shortcomlngs )

* No need for organic solvents

-’ Gas foaming

*.* Solvent casting
":j Electrospinning
'::: Freeze drying

._:j Additive
Manufacturing(AM)

and high temperature

no harmful residues after
finishing the process

Adequate porosity and
crystallinity

structures can be created in
different dimensions and
chemical properties

No need for high temperatures

« Control over Porosity and

geometry(Complex models)
No post-processing (Short time)

No requirement for mould or
specmc toolmg

Inadequate mechanical properties

no interconnected structures among
pores

Toxic residuals from solvents

Poor mechanical properties
Poor mechanical properties

Time -consuming

Limited materials for processing

AM devices could be expensive
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Resu]ts (FDM) Characterlzatlon of PLA and HA L
o fllms SEM (leferent %) RN

BIRMINGHAM .

_*."SEM pictutes 6f composite films . . R
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Results (SLA) 3DP samples

. Rheology studles [1pa s- 8pa s] are prlntable

f Hydroxyap: (19um) and Formlab photopolymer resin . .

Solid Loading
(HA wt% )

§ 30% feasible to be Was collapsed
: fabricated

: 40% feasible to be Was collapsed
i fabricated(after

i three tries)
! feasible to be Was collapsed LT T T T SLA'3D. printed HA'and CIA

fabricated{After .+, samples(30% Solid Loading) . . "
seven tries)

feasible to be Was collapsed

fabricated(After e
ten e -+ - Optimisatiori
‘paint’ . -
Non-feasible Not -Applicable —— T ——>.°
(under S
investigation)

erent solid loading of- -

HA ‘applied in SLA System’ . : R
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- P - Results (SLA):-debinding and Sintering process - -
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B
s - - Results and discussion :Sintering -SLA samples ... .
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2 EResults (SLM) Flowablllty measurement

Character HA (O 30)pm- HA(30 50)|=lm
- . 'Ha'usher' ra'tio' - .1 47’>1 45 1 24<]. 26
Flow characte: ” . Very poor. - Falr
TJme ufflowablllty 1 No.flowmg ” 2"36
Angje of repose” . ° ] - '51:3.'2546 ” 44 3<45
. Flow property . * . °|. * . Poor imust agitate. " . |. 'F.a'lr-Pas'sabIe'(ca'n be’ .|
LT T epplled)

Very, very poor >1.60

Results of flpwabrllty

"- measurements -

Flow Character Angle of Repose

1 00-1.11 25-30
1 12-1.18 31-35
1.19-1.25 36-40
41-45
1.35-1.45 46-55
1.46-1.59 56-65
>66

Experlme'ntal conmderatrons for Hausner ratio

and angle of repose Crbogah phimatoqofia et ,wr ot *

spharmaceutics

Results (SLM) HA and CIA(3O 50p.m)

Parameters
'Ed P/ (s H)

. Parameter . . .

M Laser power-P (W) Scanning velocity-S
. (mm/s)

Hatch distance(H) (mm) . "I\
M 50-60-120-240-400 7000-2000-500-300-100 0.0795 R LT

" Laser Parameters 'durihg'
) “thefirst’ tr|afW|th SLM
Z-ZSupport R
"-On the’ buslds W|th the alummrum
*.-and stainless-steel substrate,.the.

.+ .lasermainly interacted . with the- : -

" Substrate, - decomposing HA -

K :powders However, where we" .
.".placeda Smm Jayer of HA, powder
- .on'the Alumina substrate ‘we - -
- Were able to mielt. HA. .

Suppor't structure f m

HA cements

|+ AThicknéss:S mim)-

P L T

* . Due to'the reflectivity-of .-
-+ -HA, we-could n'ot'proée'ss' -
- over1200W. S50 W,
'.100nuﬁ/s 15un1hatch E
spacinggave a reasqnably :
.. stable layerin the HA -

.20t
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'''''''''''''''''''''''''''' phases'HA.and.BTCP or. &TCP and OHA) . " .. . . . n o oo
 Demnat, et s 4 e physico<chennicastudy of ema e e R e
*hydroxyapatite: from powdefs to plasma sptayed thirfcoatings.*Bionedical * =+t ot r o rm s s m o Ew e s s s e e 21 . - -

" Materials, 2012.7(5):p. 054101.
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SLM process and obtalned products(CIA Powders)
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° Project, *

'P:o'vidi.ng ;‘:mw‘dsrs' for AM préces’se.s tL

" characterisation andsselection of.appropriate powders » _

) Ap.ply .pow.der; thr'oug'h SL'A pl:otess-

|Apply powders through SLM¢ fibre laser }process

(Optimisatiorrof SLA pr increase solid loding) -

Characterisation'of SLM'samples /Fibre faser systemt  *

| Fully characterisation of PLA'and new HA powders *

Making ¢omposite Films'of HA-PLA *

Making and optimise composite films of HA and PLA

of PLA ahd HA for FDOM process *

_[Fabrication of fila

J|Apply the il

through FDM system and Characterise, * |, °

Apply mechanical tests for dll 3D samples * |

.|examine the cell response and.integration(apply in vitro) .

J D'evellop Hesi‘gn (hovél brpﬁo]o'gy.) écco'rd.in'g to.

I.Rea&ing.and.Thésis\'Niiting' L
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Chlorapatite: Solid-gas reaction

. . - 2NH,CI wt Caw(PO‘)s(OH)z(s) > Ca1°(P04)sC|2(s) +2NH, wt 2H,0 ®
e T=950°C

¢/4// {/////////{// //4///// ////.

F )

Total conversion after only 30 minutes

\\{
\

=
:\X

............. Argon gas —»

............ HA granules
e NH.Gl

0 Synthesis of Chlorapatite by Solid-gas reaction:
-> Total conversion giving a pure CIA

''''''''''''''''''''''''' Successful and fast reaction, easily transposable to an industrial scale

15
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~Tensile strength  60-70 ~50
" (MpPa)

- Compressive 70-280 ~50 : 1 ‘
" strength (MPa) ‘a b

. Compressive Tensile
. Young’s Modulus, E  11-21 5-13 :
. (GPa)

- implant-will béar more of the load: Because the. bone is- - [JSGE_uG——
" Shielded from miich of the stress being applied to the -~ [NNINNNNEN
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. Parameter

. EHSEVE SR Scanning velocity-  Hatch distance(H) NN
. (W) S (mm/s) (mm)

FEPLPIIE  7000-2000-500- 0.0795 :I:I:I:I:I:I:f:f:::ﬁ:ﬁ:ﬁ:ﬁ:I:I:I:I
400 [N s00-100 L

. BEEmEEr |

' Scanningvelocity— Hatch distance(H) - - - - . . .. 0
- (w) S (mm/s) (mm) NN
1-. 50-75-100-150- 0.15 RIS A AU RP I REIE
%  170-200 200 S e
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<o oResults and- discussion': Characterization:SLASD
O PN Samples: (Green:Bodies): i

Solid Loading

(L)

)  30% feasible to be  Was collapsed
3 fabricated

R 40% feasible to be  Was collapsed
| fabricated(afte
r three tries)

feasible to be  Was collapsed
fabricated(Afte

r seven tries)

Non-feasible Not -
(under Applicable
investigation)
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Tensile strength-Mpa
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O Resuits and discussion: DSC-constant cooling rate 10
U deg fmin--Play with heating rate
L Reat02
S peatn L
S et AR A s
Ll peat10asrec) e
STl L neata0verun |
gl eats [

........................ 40 §0 - 80 - 100 - 120~ - 140 - 160 - c e lele e

I Chapters of Thesis- -~
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©, Temprature (°C): - -

Delamination

. Thesintered body obtained from(@a -+ * c c_+ltltlc el
+* two-s tep-profile debinding; (b) vacuum =« -+« o e e e
" “debinding"

23



" . " .Next,.vacuum debinding was employed fo.control'the pyrolysis. ~ .’

Thb fll’st stepoft‘nedeblndlng

o processwastheaforementlonedvacuurndebmdmgThen asa .
. "second step,analrdeblndlngproce.cfswasapplled asshownln .

K . FJg Z(b)
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Data Chart
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: .The'refc')r-e', a 'two'-st'ep 'def)indiné; pfocéss' was adopted to protect the sample from.having any defects.

Images

. ‘The sample‘that,is dehound jn air exhibits"a large number of defects, as shown in'Fig. 6, which is ,
. “aftributed to the very'high pyrolysis rate of the organiccompound. The gas generated during the -
pyro|y5|scannet escape from the body in t1me _Thus, a partial pressure is generatedinside the bedy
. .reﬁsultmg mthe formanon of defects e T

. because the pyrolysis rate Is much lower in‘a vacuum'environ: ment, The'gas generated during the vacuum pyrolysis
o process can escape more easily from thechannels ‘between the particles in the body. However, the residual carbon in _
. "the debound body would producegas durlng the fellowmg smterlng piocess Ieadlng to the formatlon of cpacks in
T the bod.y durlng smterlng, as shown in Flg 7.(b) L. .

Results and dlscussmn Hot Stage |sotheram[

[

— Temperature * Images

LYY

g
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