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Abstract
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1Li terature Revi ew

1. Polycaprol actone

Polycapr ol acy otntee t( iR@G pmatvesrdi @oly FDA f d.r Tohiiosmed
mat eirsi anlor mal |wirswgehespgs Bdapgn olomctodne with t
of stannous oc.t obBlie mestt hekommdm | FGLE product s
mar ket have | ineartlhamwcdt sBangeliofeano | RCLu I
productsponos enadriygsetnail | i ne microstructures, (
approxi mately 60%, WiRHotl A€Omelldt ang | tasmpeér ansi
(J 6BCThis-cggmital | ine str goumkrceh amfifcarls prrelp:
bel omu® to the Iiugchluy eorodwehmedihesctt| e¢dhe mobi l
mol eawmldePpr omgsi ng applications under RKeavy I
For exampl e, there is a commasedaldent alvaimh
product ,whRecshi liisocnused fDuerboti baoebmehtébip
PCL hawi dhelkpl ored on it potentlivabhieto.t@di ss ue
styudw porous matedreicalr ofsgh mind amtge ® Clhy nead of 0 b e
t i sesnugei n.ePerroimmigsi ng results, such as multilaye
mi neralisati on, were obséHowavearf,tePCl4 iweeken
considered as a hydr pphlispdryenat eel bl adbesl b
hydrophi l,i cs ppd(ymenrysl alcohol) ( PVA) and pol
which are abl e .froddfiabiroincaatliey, hytchreogcerly st al | ir
mechanical apbsopeooi ebdhoaghbPICLtys considere

materi abuddeantoester bonds in its molecul ar



such degr addtwiagyrs priaaacdss from the amorphous |
one, btehcea ufseer npeoro pd rgeesroesit h at wat ermomoel eecaud ielsy
penetr athee sien sliedses alred steh es tdeugcrtaudrdetsiven mpr ed s p
to moY%eNlotudi,e water penetration is dependent

i .ehe more hydrophilic the faster t he wat et
hydrophobic watter i @adntwd dfts omnwd tee ro fi niglr2eds s i s
hydrophilic biodeguamlapgd @l wodlyimE Casoaeldat i( P&SIAY
| ow hydrophilacl¢éygs comeiso fgrmmupsud€IiC=@dAdct i on a
O,on a single repreas uingiomgevre n 4 Klit phwasled rbimteyr ab

of attracting water molecul es

o] (0]
W}\* /{/O\/Hﬁ\
On n
PCL PGA
Figlur e&€hemical structures of PCL an

Thus, as a 60% crystall iodfe dP €rrd tad roiweell \whti lteh e
l ast up'3A@dd4d tyeamras |l y, the mechanliygatepyoper:t
entangaedectr ystallinity of mol ecul es, o f w b
mol ecul ar wei ghtowaenert emp e@mouwndRs@lo viegtihtes T

movability of Plcéal maMoe csulliedse waowalyd fr om each

per manent deformation woul d ocaomrg han bteh e rmdti
affePaetdicul arl vy, when it I's apgmlei etde mper ahn

(approxiimaAgly Gléosne a@aloond swiTéehmt siter d osngappl



def ormation such adraprmpeap tsosccdanudsdel ya d a rhed g, t
without beEAIicecprmotnigcegd. PCL i s an excellent m

but still to be further i mproved for better

1. Mularim Pol ycaprol actone

To overcome the natur al defects of l i near P
therwosédt chemically csheesnl pnhpdssgiinaptderesndh
yed#s

To obpaiymar maheghbély wr bb sl isnhikagpde da trpudlettiur e
pol ymeth curabl e f hméédteieon ale vernp-peprdyy@Es g s a

role of bed mpoge ;s diciomkeedd @ rst r uc apnpd.| yAaedmbéwh e n
i sovVv albeomtdleyd t o,aa rt ditelr envo smarttehmactheermiaclal |y cr os s

can be buil't up along with.Qadwnepaacaou mud ama o

constructed from |linearhamelde anwoll e ahe yhasluiar
thermal stability as the mol ecarncce famdnre dér e
structur al I nt eglbra ft yr ec arne abceh i nmagi ntthael inre dt h er me

whichmorimal eyABAH spehymer materials with the
more suitable for applications for heavy | o
rapiud i ng rate such as dental f!#Plinidnege dnatae rlias
numbearcroyfl i ¢ based resimwhiarme utgepdcabl dehant
br i%'Pid eviwiushart,es éeéanscthave on amatretdi pwdrykc apr ol a
(muantm RQ@Id) dPuCed 6tso bi ocompati bilitysymtdhe il a.ti
t hragen PCL, hPaGeenr ie & lpbfi-eop p t i csautcihonass ti ssue er
and dr uglHleewe wéem,iyl ar t o t he tlhienenerc hR@L c@d o ¢u

o



of theasemmRCLs$ monotl leyc url alry eamat raynsgtl eefnteiratlheayn d

degraefef ect adimbpsgt het generally -ahem PCistall o
than that of | isnteearri P &hfdfdeycettst ot har mel ecul ar
crystallinarey ohf poéegpmed by Hiegnhpeerr atteummpee raast u
| edad highert hmobetut gsoso that t he umotlaencgulleed c
under externadilstamessbamnwedmecrystallised c¢ch
intermol ecul ar hydr ogen Tbhounsd s tthhea tmebcuhialndi cuap
PCL triols would become significantly poor w

me ting point wheareer ytshtealmoil seecdu.l es ar e

To overcome suahf ewsapgwprebhalalgesy t o comduct .

woul dhbmeccass!|l inking, which forms st#@omg cov
mo |l ecaurhitass, become a p'refPérabheesel-authmsRPCltdhe

have to be f ur thceur afbul nec tgiroonuap si saetfd: tie t dhred o f
possible way i s tWorfka brreipcoartteeedt|abdymoBeid) atrsit a t

bl endi-snhga psetdarPCLp avli ¥ hl d ®Pthid@a tahcei dMPLA matri x ha
mechamicmeérti es and transfor med 2fTrhoem rae sburlittst
this work al sosédhpedd PCledhntlL t&aH es osutbhatro umgh te It & mg
st rvaailnu etsh ea nnda t emoirael se Iwaesrtei c2“Tthhiasn w oirnkehaar p ePdl As t
PCL as a reinforcement, but tihte pnreocvhiadne sc aan pit
o fmu latrim PCL as a matrix by .blBnwdcombilmninea@gr t
appromehteisoned above, It would be i1 nt-riguin
curabtsbkbapedr PCL as the matrix and | inear pol

further di scldssed i n Section



1. Bunctionali sati on

1. 3Melt.hacryl ation vs Acryl ati c

The major fmechodmnadfi sati on for photocuring e
which the products are usual l,Liyvesgdcetriredal y.0 TR
di fference of chemical Sstructures between tl
grotCid, (red segmdpattt a athrFd@=dlusbeotntdieeamacr yl ate ¢

butydr ogenati hseeaadame position on acrylate gr

R—O CH; R—O H

Fi gAre€hemicalmsesthact wiratse ofl eft) and ac

However, a mere change on the chemical struc
chemical pr-op@rstesact dhe shows strong el ect
(meth)acryl ate gi€CeElp ewldi dh ghd ke aCHy veu p Hofwe:
met hacryl ate group, which is wusually consi dc¢
the electron withdr awhHseufbfsetcittCu-t@oane oavretr at a8 b h
t h@C-axi s bet ween -GH ebmo, nrdoHf roofh i tchhe am s ,alils atk

to |l ocate within tbhoewnd€a@e pbanhbatwithetbeis

formed in between. Summi-@gbmuipndg Hestehe weontif f e
group is stabilised and shows higher stabil
products normally show | ess reactivity than



suitable for WwWhingkri stpraf@er asdbnd tfhoe Ineatstserp
suitable for scenarios -paqQquoboni pol gmghcaatibwah
be mor e cusMomeoakkre -CHériardgls t momal hydr oph
met hacryl ate product s. For exampl e, met hyl n

gl10m@l ) compared tol@@t?y1’® acryl ate (6 g/

The wagt odcryl ati on performed on PCL is stra
anhydride (MAA) in an organic solvent, whi c
wit h-OHhend groups so that methacryl ates group
with methacrylic-pacidducgencelmatiendraesasa lye co
an organic al ka&l)i itsr iuestutay Il g miamded e(dEti n t he r e
generated acid and hel p pldes hr etaheetc ireemics m oins t sof

in Scheme 1 bel ow.
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.
) o o}
S l_& : . N
(L R1/ o R1/ o
\R2
o] e}
(|:| + H——EtN* ——= Ll L * EtN
Rﬂ/ \o;j R1/ o

SchelmeMechani sm of methacryl ation between an

EiN .

Met hacr yd at-hoeme R&€homer r ebpyo r Raddelt @l beamb ot
raddiepenrtd andlep € meée nt® rTehaec tciomnver si on rate sho\

trend ailoogeasitmg addedN a(nforuonm O0o.f5 MMoA +aErt e q.

'S When the 2 molar eq. rati o was used, the c
of r e'd c tHioavre v e r the conversion did not show
hours, which was from 63% to 77%, naxtiemalwhy c

reach?!®®80Mowever et istwloDikki cai met hacryl ation f

performad momwPCd 4o0r 68 hour s, but bhbaa&add&gr ee

15



For acrylsatmidrm,r rceonsmd miny rwsudade. ilsn t hi s r eac
(AC) is the key reagent -OHvhitchhu ss htohwes ahcirgyhl artee
introduced from ACptrodtulte Hdbsthi st eecaTthe omy i
removedN Imy xBtd in the solution. Due to the hi
easily reach 70% to 80% afterstard egpweartreidg i th art
final prodvet  lcoewmaowedas di ffipcuurlitf itea . belThe vy e
i mpurity is considered to be a complex compo
andsNEland shows potenti al cytotoxicity. Thus
acrylation fnoralhtieowameattteovigaat. € ;A\ mc h Est er i fi ca

di scussed6i n Secti on

Addi t iaornyallaltyes edaa hve doe ornecadg gcladldaei ogpesadieir
bi ocompdtuinkephiilyed iyc o pm®miecdli es, caxadllliéntt yphat
pricseuch as hydrogeamsd foent &$%SHmmtesvndga Bk er hay
al so been f ougnyd, whseunc ha carsy1%alt eesr caweer cwsmed s uc
partiiculwimddace treat meneta,t nseuncthc aanstd docl baast nman g ¢ |

to avoid direct cont act with cell s.

1. 3P.h2cad wr i ng

There are mul tipltehceapipnoaipineesleypywwet@hrC glgeend s

suchreadox reactiomddhegt calbsaeit p nnkwlmigin catgieonnt asl
amine comphb,upndamsd | i ght absorption, among whi
shoevisf c gtivennabi d mdvy ener gysi ads t apfrecanjiusiiensy appl i

prospesuch as coaatdidnigt,i vper imatniunfga,c taunrdi n g .



Po

r e

|l ymerisation triggered by |ight ablsios pti o

action usawnmminkswat #aaglp emposnwlisi ch can react Wi

genebygt ¢edhe phot oiTroi trieatuicen threo gaigsmnichn n gt ltod
dur i mg otprmegagenof t hteo rbeea csttiaobni Inieseedd ( see ne
typi cablcgondoungeat i on, i n the case of styrene
(meth)acrylate with a C=0 group. I n the case
bond is further stabilised by the pendant
conjugation allows for the propagation reac
compl ete qguenching (by oxygen for exampl e),
propagation r eacabhjpungatipeotrdwittail selde

Il n this-rwadrilk,alf rpehe tiogpnop lyaeerd sat somel ati vely
compared to the ionic method and the process
i's withdrawn, whi-bhsed pddféer akl mafsefnaslditg vien
resin can be wisdlhdleidc alel yegiuor.d The -rbaadsiiccal me
phot opol y mewhiiscaht biysnt hlteowrh e mi s ai iheta(tlif)hens
phot osenmadlty Ger@@atdhe mserd velsotmone PladdDTIr b
energy faxwhi dh gihs usual |wawélsdrbdteh DAyl itndg 02 AJO
excited to free radiRPAAlI s hivsthsucphaieddtaled
addition Teaectiber RA activates phoawdehnhbiti
pol ymer chain grows through threac(b2nbd namulo u s3)
32

this is call ed T Tthlee t @ntohpeaepa di iioamanlosp rgteopol yi

acadmnbe ei ther combinati on of t wo radi ca

radi c¥l san(d5)t his is called the termination si
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Nevertheltesstould be not-€d @trpaitp, oipfrEd sy megi ies
mol ecutt ke result of pol ymerisation would po:
rather thamosclkéminkaldl nmnet work, whi-€ChCnbomdbkl y
on one mWeheetbdgr.ee of functi onal i-asram i RPGL iisn tvc

a thermoset materi al

Specifically, a phenomenon of ceasing polynm
oxygewhi ch i soxryegfeenr riendh iqhoietaasghnaneemal cemgaegf or
acryl at é®pi"Bdiuefxlyyyen can attaplr oheérdéediémaele ac
woubd ormadi ng the chaidn tpreomxagatni orneacti on
abundant -CErnCr eoanc ttehde sur f acematredivadimhi asi dads |
| ower crosslinking density thus poofTmeshkan
resi-dzu@lgroups could be |-€EDOHssbDl that fhethbhaeae
show acidity inwhwiacker ceuwlvdr ahméEbts.,t hief cactty
products are to be applied as biomaterial s,
possible or a surface treatment has to be pe
To perform subbar dppéd miislax i phset ohertSetewnssed

13.80 higher darmhhb,e iwidiesdhs ictoywl d hel p gener ate
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e X

me time of | ight exposure and they could p
rminated/ bAnoxggenpotenti abturiomg eunderacin
viroamémitch is | essilOfefieareal| egiasi mbdndvfi ir © unimt
hipeavret i cul arly when a compl ex sampploel airs m«
l ecul e, is more I|likely to be dissolved in
l arity, which means tdh drtfeiridudet dtitheastod wweekdt yomx |
ygen quenching can give sbOmseddypannhagesg, c
pl oCobetdi haous Liqui dCLIInPt)e rtfeacchen oF roogdyu cctoinome r
mpany clehrebdareXbh.nol ogy, published in Science
pl atform for prcdodfedhisesncseates!| atldegdapgloyn e
project the image into the resin, where p
can chaitbgleaytehrea aritaanyuéfmg tdhat cCoentsili mwous pl

ocess that cepreedes ddne 006s of millimetres

i me from hours to minutes.

ere are also other approaches to i mprove
ch as apepleydi rcd i &tkhicchlemi stry or addfPhg tri

O tehniecdl cl i ck chemis-toyi maarsna uPCGLd afcoriyd mh et op

t eprhmaesheu | si on (pol yBt P®)hdbyDetko &itsiolni sed t he
thod t & CiMa lproil y4tne@BESE Ng trivalent phosphite
i et hyl phosphite would significantly red.i
ryl ates, however, this series of reagents

ndi‘ti ons

ving a | arge amount of remnant acryl ate gr
e other hand al so be usedadthoe sfi wret inoonl ael ciusl e
amplag haer eapgygbmmedthioadn aloi swa st hreespeo rneakt dearbi ya | Zsl
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which was to immerse the photocurredi-Gbthglect s
can r edditt owiotbh ai n an *bpThmssethi ghsteowmeedr si o
on theveaairmmeresi onh@wlox etssok 3¢ FUr mheumese, di
surface modifications codyl ¢debdecdx mgctded fferr@m

compoifnds

1. 3Ph3o.t oi niti ator s

To trigagdicfale@pol ymerisation, photoinitiator

energy from | irgehatctanve re@ee eicatieci@an e chain ex
reaantaimompg-peol ymeAscor di mgc htami ¢ mg, photoinit
categorised into two types:

TabllTey pesotodi piht i at or s.

Type Names Typi cal Compou

OH

Nor rTiyplk |

[¢]

(Cl ea)vi ng
22Hy d r-2megt hy |l pr opi

o}

Nor Myple ||

( Hy d rr-aolgsetnr act i n
Benzophenone




ThEorriypd | p@photroimidcreatvéeéd tpooduce the rad
photointiator extracts a hydr og.enTHhfirsonc rae adtoer
ami-ma&sed radical t oT hiimsi tmeaanes tthheatr etalhca | Dynp e
incorporated into the gr owilynpge plol/Adiaoe t i oth.al h )
usiNogrish Type, | Whpbobbtosnusuat by deployed wi

ami nes acnodultdhipootsenti ally °? edlus ee to.Kamrgespgo ritnehdi

Type Il photoinitiator modified by bis(tri me
inhibition whileneanrfuy acryl ates under

A special typesofbapkrgth@nhmnimuiladbisioompti on- I n pr
photon absorption is achieved. I n this proce

absorption wavel engvihasa&l mthsghitmat ansangolsigm
example, for a photoinitiator than normally
source of 800 nminsausabdsofFptibhsbebavti iounm ,

depends uam et bd ddhe intensity.hoTthoins liisghdp paddss

where the abBecoctpobhomepeoss | inearly on the
t hat Gawssda an beam shape, when focuded Wi
phot mpoligation in the focal spot of the bean

single photon polymeri a&2tPiPhpns 2| pbws ohopopyn
resolution structures, up to ~100 nm*nd po
(RP is discussedSeichnli.od)dlen@d e,t2alPiPtelgyumn res typi
specialised Pls as this unique type of polyr

absorption and a mechanism to retain an abso

achi2Bxe But traditional commer alil @aPAplk-obgisni
section, which has to be exposed to2P&®higher
Yet hi gher power or |l onger exposur‘® Thme, co



suitable selection of Pl i s2PtPhe They ef act ar | &
of res®P®rphoitwinbofi whock the chemical struct
system connecting electron donor(s) tfe&) and
compl-'eD¢'-AA st ruct un & i lyatsoe si lgcvweRePa sces etshise 8PP t hu s

absor*dti on

Fi gB3irtey pRPRI photoi RiiD-'iAatsdm uwittulr eA sent*Bési seo

Mor edawmert,he Nddrlhitshehragypeal s eventually becom
a result, i f photocurable maherbabsaaeeytofb
influences the biocompatibility of-basesu8Den

printing. Thus, tBel R&nwdugiud udshhaee sdeearrt honst e
Pls applied in ph*dTbicsrabhterpoomaiteni afsthe
pol ymer chain is avoided in Norrish type 1|1
incorporated I nt o t he pol ymerprolkdaice, i phevi
bi ocompati lelasv ewmatreerfivall ssel ec Aicommothd gRPe a mi |

photoinitiatora foodibummadletri ahat ikBas benzyl |



devel oped beyt.(@isguarnahkdogvh i s hydrophilic and ¢

with hyhdogpelesents*biocompatibility

(@]
JUC
SN N
*Na'O\[H krrO‘Na*
@] 0]

G2CK

Fi gaaréA hydrophilic and biocompatible 2PP ¢

Ovsi aat K@

Mor epveirbof |l aviwhiicahi n atmia maadB2dnga ne ceusl see nn thieal nu
human body, could be selecteod 2PPan dd oicto mphad
hydrophat,actiebof | avi ne xhcaesc hleenccemef oan bi omedi ¢
strucvi@aP¥Peg olsisnki ng of proteins such as silk
phot oini tetat,alrwhbeyr eBrtihfe tyrosine groups in t1}
and 4tioged diurrriandji®dbWwe m erNoraSiysphe | | photoin
riboflavin has ntidibd ousedswibtitebdadmoe dolrtab | vy
That brings anot hiemi tcihatldre nlgaes tthatbd hkei @wowo mp
be used for biological i ssues, and it has tc¢
f abr i°2Faotre de x aammpglien,i nLe , alnad uasal a4 §no o e acaisd g

sel ect ed-i mist itahtecertc dbaylr Kphmot ocuring and obt ai

perforrfmance

Il n additi on, it has been reviewed that it mi

2PP without photoinitiatldr The awerdybiobcobmpat

MPp



abovePRhehr eshol deemardr hbnegiShwAdcortchpengvit@us | y
menti oned worekt.qgafli htom@masomg the concentrati
|l ower the 2PRr ¢ dhicl d ncfreas2PPt wWet lpossi phbt oy
maintain bivApmpatifbbiolm ttysé meg meotl ecd A  wi t
threwbold be anbohe2PRBiwietch of@oinr pihmstoamc e | ad ©
i Sectli3anl, acryl at es egreemmaatail Vmd tyh htemaaihatgeh

photoi-nnede a2®P structuring would be more |I|ik

1. Lol ymer Matrix Composites

Composites @arodmaat esrerail ess coofmp o gle ¢ tcoofmptowme no 5,
among which the adv amnaealgee st oo fc conmpee rcsoartpeo nfeonrt
components | ack ofuysuwsal Ityhadhdvw es wpenrpiosri teper f

the singl endempcoenmpt £x WdOrkiing conditions

Among natur al ti ssviae®bydadapadnwbes coanp alse t e
offocel | 6 bses as the i ndleudicerdanui olsiegmmat r i
hemicell ul be¢ pacdekisgcwminlect oceél & ntwad tges da t y
of thagaadedtr a,daetsipercAil venlnyse a typicampbsiol eg
consi stohpbpopdwied asti tioug hamdls hydr @xyyap at intge
strengtnh particul a’Sawfht n teic sk en®e sasnedd bleood ve
compesomne®i sddlnlgagoefn t o provide toughwheislse and

elastin provi.e®d the elasticity

According to the composi hcbosioéng eimf boypema
based compbeytean be caitrgrog aisied o deeooegpias.icc

reinforcements have beebnasepimpoart ede dades cat

M C



their distinguished properti,essuchhataspodlyases s
fibre wiiitghh uYloturnagés Modul us and ,ulamdnat amt e
carbonate which extensively used for ®trengt
As for bitdhmatreeriindlog,cements should be select
These inorganic reinforcthmerbtiocwmpladi bok may
rougher surfade oarmdi vet saddaicerg, whwitihchal | o0
t hen dnmpbdoecd | attachmentantaegr iand hleisn dinng t o
prottEHyns oxy@pdpdarttewhk i sermeat ur al i ngr edaise ntthei n
inclusion that allows f or ¢ qmphraess shievceo nmset roenne
most common i norbgiaonliocg intaatl &raigapl | S dicatipdoB7

Huaent . at epor tiemdt rtohdautc ttihoen of HAp i ncroefmased t
polyethylene matri x, i mproved its stability
and promoted cellular activities sUféMhs aass att
cerampicgl dHdadpabl emahubaicimtge eldi omedircale!l il mglcanhf
from papowdeirmmddi ti ve manufact ubfi.figwbyerd.,asehi
technique consumes high ener g 68X tan d hpeu rhel
HA materi al nor mally shows bSiinttelAies dorwaetr hrye a
suitable to be apapbleiaerd nwn diebre deed mMmpleresx bled andy ¢
pol ymeric matrix as a r ei n pbéosreccehnaenn tc aw o uplrdo pnear

al so avoid the disadvantage bro%Wght by its h

Mor eovmeprar tHAcl es woul d al so pr ovdldleova dfdd rt i pornce
adhe’®,0,ls0o that the surface of compos.Fobes col
| i platsed additi vepamad ughocttauad usmago ImeH AT egi © o mbi n
whi ch coul dppeanrctaipcsuullaet elsA and strengthen the
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which i s -caosmoraend oewf fi ci ent process compared
extr-based additi v(esemanmofraectiumfimrgmati on on a
techni $uwdadinh)Mor e o v e menaodrdg awmgit ¢ ¢ a uraddrersa | | y

increase tHd qWindeo satkye a ft as a peasitng asomn t h

configuration after ieXterguditgn cam thheatmaa ndtari u

Organic reinforcements normally showalett er

chemical structures. Currentl vy, t he most C O |
materials with diff erfeinbtreepnfoopres e dwdysl,cahsstuicchh ma
have -hulgthr amol| ec.uHoawe viee 1, g &ih 5 C reinforcements
mol ecul ar wei dheéesitmirleadraisteyd wi t hht hbecpmpbgmebi
of this type of reinforcemetnhe dinstproil byuteir o rw«
reinforcements could reach mol ecul ar | evel,

as those doped with inorganic reinforcements
merge into the magtmiextwi sl hihghet hkegmean ea:
mi coo rmaommi ns, or even interpavoekr ashh aapgeach et v
PCL/ PLA composeéedesycbBbomganci di scovered that

matrix were signiThiecramg tlunnudeeth arbeEsvid d | mmi sci b
st-araped PCL &fdHbweear, PLAe phase saspmgarl &t i ol

(Fi it e
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¢) PLA/3SPCL

e) PLA/4SPCL

g) PLA/6SPCL

Fighrdinear PLA -skeapé @rSePed : b Bdamtpmad PCL, 4SP!
4-ar m-sshtaapred PClar mo Ssht@pre d6 PIChur e RDag@opn eldi §g o

worrkcopyright: Springer Nature)

This kind of di stribution would not only ¢

reinforcementlsd paoiteat sl materi al additiona
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p h yoscihce mi ¢ al pr eneamotriye spr oplealdedad s . ngampd opet fi
exampploel,y caapr ol afptod rygq | caiPaCdDay/|daibedajpeemor y- s e mi

| PN was reporeedaibry’>M0Izmh ateHias wor k, wasnear

encapsul ated within a chemicalhegtwornls,s!|whikeh
oninwcreased Youngb6s modeuelfudewabtudo Bahsopehapea
mo |l e d wlveerl di stribution into the PCL networ |
damaged dur i A% Aldediotrinoantestlolmyfl,a bMoi hcsaetne dl PaNss er i €
which demons-t eapedshtehaad i smegl fpr opert i-leesg!l ionfg wl
behaviour was benefited from the’?l iTnheearb apsailc

mechani sm ofretsppions-t REEs m&lmat when the O6woun

toget her, the |Iinear mol ecules would form p
owounddé when the temperature is above the |
when the materiedlowi ¢ heoanled d i lgwmp ob nt, t he el
to be solidified across the Tiomthkendvalced geend e

photocurable PCL reinfoaswede bfybrémunhediteedPCb c o
t he si midiarh e miyc @lf structures, it would be in
t hese t wo,icnopmpoovneermetnst o f mechani cal pr,opert.i

and the change of degradation rate.



1. abrication Met hods

1. Addi Mawef acturing

1.5. 1EXtt.r dbbaisend Additive Manuf act

Additive manufacturing, or commer ci-atdtbgg ref
manufacturing technol ogy t hat-byhVylerwsp oolby neecrt
manuf acompangd t o ncedrhvoednst i foonra I3nba b p Bsaitcthu raisn g
injectio@adeonli &iengiamndf avihia cihic nigsentce pdi gi t al S
of toakbjtBdDdnstruct tthhiisn dbajyeecrts farbnodmafygeba b Icead e

structur al constompltamdt ogw & tho rhiag a bmolriet y

Onetbt additive manufachagedvgi mat hotdowsst aet
to be exdoluidewt mend s udcsltirdptrfeoycalyseeder i wida ou't
c oo lanndgh ectwr,i nghaipcphh i es to both ther mopl asti
respedgtoirvelhye thetmeppasnhitcngnensateri al i's to
point and eXtmuudedtdhen oo ed down on a sub.
that one | ayer oForobtjhee tt h esr ncoosnestt riwwmkr,eadw hei ,c h
it is to be extruded onto a substrate and cu
one | ayer is finishded omdltopwi hgrtboaée,i anboh
| aid ont oond sumtrielvitohues ent i r e Qanertalnlgy ,p reoxgtrr
based additive gramedéafcEyw rri enggd Occnt(i?l adw h iBp Mmte o

enough to desalenawitbds mosesgquiri ngHorwelvetri,vedsy f
manufacturimsgorcetl sseaf &obthrsedr iandgd,i ta xvter unsainc
mi ght not be <capallre medfmmdbeui d tdri ln@t umiecsr ot o0 m
environmemhotigh tebkd.fil amemt cthabmrsi ¢a&t imeh t (
mat earndalextrude it | ayer by layelrdtmoedah | S0 t.
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emr esolretsiperti vel y, t he sceonpwoe xmetdyhadbdisngheaiwiet te i

energyucosehtool |l able pores®in the fabricated

When fabricating fine stwusetdur &9 g essiesae,d tfdoiera m
extrweubd possibly clog the nozzle and the
Furthea moamposite O6inké doped with powdery r
even wiomscse the fine particulates on one hand
the other hand they may f or Msl aar ge saud gr, e g atei

of exdbmseidomddi tive manufacturing is |imited

Regar dtlhees snatfur al def ect s, t hissc atleec hprmoirgpuwe insa
Di ketc.i ateported scaffolds for tissue engi nee
hight erhmesheul si on ( HI PB) mma&Pdd fmredidmaax e 4 at i o1
based 3D pr2ntneow 2ABlilmeRB6 gursesal e pores can be
where the | arge ones were the wcatlew®nbset we

generated fr-toenmplhat iemagl si on
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Figbor eMesaol e pev opuws yRHA LPsthasia d fafc tehxdt & éb a 5 e d

3D pr,whteir eg AG, Band D are SEB|Ilemapgesushest mes
printed PCL pol yHI PE, among which A and B s
wi t3 & 3thOpore amaddlDow t he small pores wi-t
(di ameter) gpackcaeptse & efert Fiad D'ipdea kyir i ght : Amer i

Chemical Soci ety.

Leachabl e parpgemi sianfgdeteitidigped ifnokr anslcalreat e
porous matleirritaladad Meb$shwsedachi tpsmaspadt aV e
as porogseni dioplk@®d coaf f ol ds-sovalteh poersoous struc
successful®yThHhabe i addiedi ves could also incre
hel p maintain the configuration after extru

fabricate 3D objects with high structur al i n

It is to be noticed that t he eianigo ctohuilcdk esrp rdeoat

l ines than the designed p aBreacnaeutsegs bogfa whhtibshnh o
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ks are typically us’dd 'fThhetslee i ZIRsehtaves iho m !

ati-shearowsWhiulae isouh)j ect e,d heor sheasrcber ty r

| y mee fsfoefd tistdoheianrn i magr ed thletd dofsent angl ement of
on %hemherefora@ol sthpudsi reqpt ankgdye mema o lvto ail |
eferaableemP&mutsiicul arl vy, for smallvdnoivecul e
tangl ement, addfing odud pda ntnst,r oed.ugc.e, esxitlriac a n't
ch as hydrogen bonds, so tthhatnntime iedfk ewdul
inting Partoaemandbdemh eal@aindnn kegheam e used, the
ay stild!l i n the codhitauntienrn wihteh ocuotmpl eisrsg o
reswholcch, consequently woul dalsead owmpa madnd &l @
fects on structures builtdt ats, tthlee bmgninnhonr
ogr ammee nmpairladr i 'y cut o ftfo hdeed n dvfertre vnegn t ¢ convperr
t r.uBsuitont hi s would bring defects to other

nuf apr ocHmswge.ver, the | ength of delay vari e
k, whi cihs nteiafnfsi ciutl t | thdh ei mplnd meorrti ntghips ogr a

nuf aamndr & hyst ibireectoenfessievsee ar o per i se par amet e
sult,bexed uaddnti ve manufacturimsgal e 8Dmg

nstruction work buthnechagf & d thintee ddfadicd ntrage s



Compression Compression Compression
Started (Ink not extruded)  (Ink extruded)

Fighr ddelexy raafsi on after compression be

1. 5. 1Vat. photop&®&linwpmhéeit satiLonhogr

Vat photopbypmeabhyioses a | ight source to c
control |l A Mmewnarhdieqead dlaas spihfoiteodp oil y mer i s
stereolithography and digitalsdagditocpursisretdi n g
beam to scan through the phowhoicluer adil i traels i Ini
projects a whal éi @iDtea lqnamgpa& okni r r or array) to

Additionall vy, LCD screens are becoming incre

based vat photopolymerisation techniqgues.

Vat photopeaeclowmer psatvi de muchclhiugleereases gl uei

mi crf%nst han -beaxsterdu saaadi ti vehintamuhfhmeq dredcend) , as
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ndi date for buiPdrnhngctliael gtriucthbhiremedi cal

ructprreefseraabel e and often used t% mimic the

Before building up compl ex 3D stcronptaudreeesd, t h

design ( CAD)weshhH ft idiaane n%ri 6Susbsequent |l y, the d:

t o bientdos | firceneds , of whisc hd e pheentdbdenot ulnd n nogf

resol ut i®dnHaetehdee dtuirnaet i o n wloaurl dp rgiemteidngrlenya i ncr

ong with the number ofofs| pciepthdadidn edk. cTahl

out to find the optimum sl iTbengahumbaes witbe

ported odter d otadread d¢aon t he printerdés memmory t

ereol jtwbgteplwi tchingctuhed lcausreerdo msre/ca fi fo nfs

i gital Il i ght printing tilbeadeldi cwend oi ma gdeisg i g ea

device (DMD) and projected ahCbughkrekea psiedt

8TA

w h

p h
be

pr

inting® pifaedf di mference between the DMD and
l ectively reflects frtomr dtthgeh ptaht & etrrna rosnp aDrMei
new proj ect i ebna ssetde rperoilnittihnogg rtaepdhhyn ihepuyge aipdh y
ere tomographic sections of a 3D object a
otocur®®ihéesreéesichni que i s | i keblays etdh et efcahsnti eq
cause an ebwuiheé a3Bi olgjl ectr oittéDeipd myad n gt ma srké

ojection system or ptnt dsgtramdnarbd ei ™ MDi diiatsa |b e

8°Recent |l y chhaesepdekrsysCtDems are available that

b a

p h

sed .sHosrtems printing, tiyqpk cab wokk fwembl!l at i
otoabsorber to incbweaedactimg phientsicrmg t&@ccu
ighlighted etn &WMh0o9 ubsye dChToinuvin 327 as a ph

icrometer r esi@MDt barms edc @off fog led g°°Far sft elrreiod 4 tt

i omaterials, it iIs necessary to avoid bring



t woo mmloing ht ablxsaorod etdesy, t rcaoalil de ,be excell ent ca
3D printingt.b%%Tohmeastee rtivaol sc o mpo urnids dwd dir Is & aove v
which enablbeseltihgimbltesb & soeed modsadi tliiveghtmanuf act
Previ ouselty,adOnsawuzt ed an opti mi savipaooj et 3 Dnp
based additive maboudrncteme ngamyg taldeli ngsol ut

significartly i mproved

Fig8®dehemat eceolf i,wmhegereaphypol ymer structure <c
on a verticabyl ybemonwg negx psatsaegde t o t he i ncident
The incident | ight could either come from at
ocome from below the vat and pass through a

resin.

1.5. 1TvB@photon Direct Laser Writi

A cuedigeg met hbdsed &addihti vies nmpunlotidae et i 1@ s e

wri { DhyV) whi ch is based on phot-ppotgymengbsat pbd



of whi-ghottomo aBPsAor Pit9) omyp(i c a €Tthypshrenomenon wa
originally descri bedMatymeuorientgi ch® 2 e rbigmed®?® pp
confir mefd tfsdme rtf loevmieath ei ms&s enif ¢c mosm@mwreces 1 nte
enough to atafPvet 2RA,a ipphod ossotsledctuva®, whi c
the phomoonomeabltde p haobtsooirnbist itadommspshtoutlotnasn e o u s

and transits to an excited state to trigger

Y - Excited state

1PP 2PP

««g=+« \/irtual state

Excited state

Fi gasmreg-l(d eft )plamtdon wori ght) absorptio

Si n2PeAanoini near phot on aambdsparod@taibarn igryodessspr op
square of the&® laisght s itrhtee nospittiymum | itghhe sou
l ight intensity decrea&Ssesheapedigalfkrym 2RA d
focal tphbeag &1 @fur ewhliOc)h b r i ngs -hapgpho rrteusnoil tuyt ifoonr
manufactandnghe additive mnadRA aicd uepahhogteodne t W
polymerisatienol @PiP)n GrhieQP®v eath8 ® 5w kx h

can hardly be reached bwgndPPcdueetongtfehtoe



. Incident light

Photocurable resin

. Polymerisation region

Fi gudeDi ffer emaley mdr iphraottioon regiiomnghofh .1PP

For biomat-andadi sdrcarie rsot aluwd ws erse @qu iemiedr @ o mi
environment that the cell drighe rleiswilmug iiom. mwi
t hat 2PP can achieve, such rdeedfuinreedmepnatrsa ncea re
compl ex ditnr u2cOtlu8r,e sScaehp.opdd led( gl ycer ol sebacat
(PA® scoffafbaliidizaP B df or t i s,swher eang ittheaenrtbiergs we
built and musecaoadeass te’lP2BP owedrreualesdto bemppeki ec
bi omedi cal devices- awhdi cltaanloe g dierae urme £r e uc h

microfluidics, Yrug delivery systems

However, the light intensity requiexedtay i 2RF

buthe accumul ation of such philgmeeneartgyt hweo ulo
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Therefore, 18émntcosnddasredo monl|l y usedl haes rtehseu | Iti
of uwsemgosecond | adamet s tfraulcrtivaeetse iwl ttrhat ob
takeonai derabhAy $morepdp,l tyimedhd gher photosensiti
acrylatemeabhheryt haa, woul d bewiptrhe fae rraebd uec esdu
e X pos urRee steiastheahdeerv e | o p ea p psrendeor hail mp rf cavberom tc fa e |

ef fi siuercoa sl e p Fsopyb anfuelrt i-imo ¢ 93 %amnmd research g
are éagai vagd 2PP version of compTlh esectabxoicdal dl i t h
significanheefyf iicncernecayseof 2PP DLW i dHoweesol utdi
the proximity effect bet ween parall el | aser

poorly cons%®ructed object

1. 5EnRu.l si on Templ ating

Anot her commonly used approach used -for f e
templatingé, by whiacrhei Kk ed sit mthusa iwthleg ep lhanee D |
i s s usapsemmadleld sd s oppdhredigretner nah phatwwihherchowrcarri e:
curable ingrediAmd wlermxt ke naxXtap hoeosrle.upsh asster ui
can be formed up asteemMoinddiiénitse ranmy r lopdhgahs eb r |
cust oiniistayp t o the criticaubcheasprpdpegseétypgmnau:
sizemply by changing the amouanft tobhaskdkes niad r
mi xing thRéTheenudmouwomt of added porogen is the
Normally, the ratio between the volunmeheof po
poroWherw. t he | mtearcrhaels phHams e4d nb eyhmesteyl |i dn gt
(HI REAMe formed the solid porous mat easi al (ol

pol yHPREbroad range of applications have be.



porous materi dlar gkue utrd atchee sae letaa H ecraidalase ,c an

storagrezyayma i mmdbi I°®sabj owhen it is used in
conductorscdalhee omammers filled with air make
i nsut®@t Additi onally, the extremely complicat
capabl e ofhatpeopagahgon of sound inside so
perforthanB¥t most i mporpoarnotu sy, s ttrhuec t nuarceeso o f
becoming popul ar i n bi oengineering fields

mi croenvpobypheERES d an cpmrp@vwil ke of mi mi cking

environme!d® of cell s

Adding
internal
phase Curing
Mixing Internal
phase
removal
External phase only Internal phase mixed Porous material fabricated

FigbtreSchematic of fabrviieemul enoaftpmpbasi

Due tiannihseci bi | iglyaods t hteh eni ixresltuasbuial niktyyj tod b It éh
whi ch wouldi gneiafdi ctamt a. p Hesecref eagprassaitaildry used

stabil i sesttpree veemd le pdm®tei on

Sur factant sanphei pah esheirdnalss mdve bopdl prol @alme mind
structuressdo@n abostibngl e mol ecul e, osodeéebraeéadihr

interfacialthensmpihaeswaeand stabilise the en

O M



Howvdrsr bi omedi sogleca,ipleiadudstpigeensof surfactant
additional ingredients into the materials wh
porous material s own binoilnoigmtcdsael n gpseargfeo ronia nscue
andsing sfurdeecmambhods have become trends of
bi ol ogi cal applicatt batthhdeh ipso rcoognecne @it n tirdergnuai |
curabl e extserarbdle plhasd abidn steh eRmslesavhifaied sst 1
devel opedt omeft ahlordisc a tree e s ueitnfeiaingstli arinte d poOAOUS m ¢
commonly wused method is to utilise nanopart
met hod the nanopairntiedfeaced i maed t $sika i'diphertt he
interesting Haoauwtee ptod ydHu rPfEEmcctresnme.reoc wileex a mp | e,
Fur mietgealsuccessfupodlyy cfagplrroil caactt eoch e-M)naentdh ac r vy
poly(glycerol seP@dpp el)y HhePteEh amsa tyd raitael s( wi t hc
using gelatine as a st'Phud ither stimohbhei nnee
i nt er aagtoingnes e | argehemoi eceif salabpleasteo mai n
configuration undso 6lpehtaisfei s etpeammd ritaodmugfiemnm i
i s pnoowter f ul enough to br eak Atnhoa pheesrsaupbptreoraec ho f
i s stymt hesi se amphiphilic curable mol ecul es

mol ecul es isbabl setdo efmad mi @anstwat hout sur f act

According to a phemdmestondd devscki medd-aiymt hesi
pol ycaprol actoner alaimgdnalt i, o na walsi ctklbe mevdt er
(dichl or ometdarnieng itnhteerviascidiomwgvprpcessh phen
never been reported by wanmrrk -altomép olny ctahper 094 ya
met h acf yAlCactoer deisntg maot ed vadomesybht pohadi meeba
groups bo@hentr awnmr9e Vent B(dFiagPgdeorgy | at e end st

|l ower | og P value than methacryl ate does.



Chemical Properties EI& Chemical Properties Elil
Boiling Point: 410.43 [K] ® soiling Point: 433.19 [K]
Melting Point: 281.91 [K] & Melting Point: 279.22 [K]
Critical Temp 618.91 [K] Critical Temp 633.63 [K]
Critical Pres: 52.89 [Bar] Critical Pres:  46.53 [Bar]
Critical Vol: ~ 208.5 Critical Vol: ~ 265.5

Gibbs Energy: -281.69 [k}/mol] Gibbs Energy: -281.82 [kJ/mol]

Log P: 0.38 Log B 0.73

MR: 17.24 MR: 21.28
Henry's Law: 4.93 Henry's Law: 6.77
Heat of Form -330.09 [kJ/mol] Heat of Form -360.52 [k3/mol]
tPSA: 36.97 tPSA: 36.97
CLogP: 0.351 CLogP: 0.66
CMR: 1.8082 CMR: 2.272
Logs: -0.1433 Logs: -0.2671
pKa: 4.378 pKa: 4.475
Paste Report Paste Report

Figlb2eEsti mat e®Clpho(beit-MegnogRCI , of which t

the red boxes as | og P.

|l Bquatd onl g P is defined as the |l ogarithm o
di ssolbipdasncasol venpotantandi agpal aonsol ven

oCct afcdhnofBidondiese dvat¥at ee s f*'@\ctciov gy g t(@d,on f t he

value of |l og P isocel@isesr clt @os@y tlome 1r atmie@ano n
shows | ess differengxel aorf amnd sippdlliantcyes ddavreytitiag
shoaw much ¢l oser value of | og P to zero thar

hypot hesi s-&Ad mt gat PEL a promising amphiphil

sur fdaoteentemampli @atne d hrea tmeari tna i garcitbout e s gl t oc o i

00



be on&€HBegonoutphe chemi cahi ch-pakdamr mwmcti onal

l eading to a higheA. overall pol arity of PCL

1. &An Al t eMentahtoidvet o Synt hesi s

1. 6Colnventi onald KNMestsbobdle Opti:r

Conventionally, a&caecyrlyaltoiyoln cihsl opreirdgsofreeicde i byl ¢
sysaemshown 2 nAS8ckeémgl c hl ourtiidaicsidgh tai ocno nrneoan
where thekeetrt epas-Ch&vbea tCtealbcyk -ORegr oupC=a@d t he
from acryloyl chloride ¢%Hho weeveirnt rHGH ucweid It ob
as t-peothyct i n this reaction, which has to

convebsetone excel | drnitetshoy IBbmrmoaty @rMfgani c sol v
its nucl eophisl iucs ephrledcpyderadt Yo,baci d absorterhé |l ipn

i mprove the facnrayplragtdea?c.d'*df fi nal

0 o} o} o}
U o == L
+ HO—R, —>
R cl 1214\@422 R O§-R; R 0—R,
ci< | Y
H cr H
Sche&meEsterificati on adetoheodn acyl cl o
However, it haa lyeé¢howepomiaéd pribawuct i s al we

vitahi s converfidlfattudnetthaosd been conducted and

colour comes from a complex comNbdtndAndet wes



yell owi sh colour can hardly be *“Permbfyed ttd oirt
yell ow colour, the perfor madurei mg @dh athdc wrbismg
wavelsonfgtihnci dent Il i ght would be mostly abs
phot oiomn t pdagrowwi t i ve mMmboamemge result coul d be
ot her hand, the report conducted the cytotox
i mpur ity sciogunlidfyischabnatx i ci ty wi t h 0Oc. oOnlcge/nLt riant itadnre
cul turé¢Tmediathis risk has to be avoided whe

empl oyed as biomedi cal materi al s.

To i mprove this defect, mul ti plOeaeppt ptam bt i ve
usienorganic compounds ssch has 6pa i s sdbsvevear 6
these compounpglsorusaall dlyi lhiatvye 1 §y mioghHgadawnea cv esroyl v
I i mi m@d oveemetnite ¢ o0 nAv edriproebcyptc 0 A thesrt sveeteinomcr y | i ¢
an®H is nott comési @aleredas well dsuewhbchhias bs
overAd,80noamaddgentialremodéeti e gener ated w:
system to acquiredutugih kioglv er 8 mp ecrraotsdsrd € sn kw inl
which might |l ead to explosive teMpewhiname ir
ruin the product ahd summarcwynh dr alngrematuisv e
degree of acrylation without introducing tox

-C=C functional group has become a challenge.

1. 65t2e.glich Esterification

Il n 1978, a novel met hod of performing ester.i
and namRdofaftRr. WollfAgamsdhoBnelidthi &h gernet i on a

esterificatdiorct by happesmdut tdhoindi | dby oansi hgor

op



carbodiimide, (compbunfchhgeea&fid met hyl ami nopyr
( DMAP, ccadmpownd in HIPpdE® iwhi Ehguemal d compl
introducing the yell owi shEsNmpeactm.omeaps Bee
reacthhmmn carbodiimide, as a nucleophitltiackat
and capHufr @edOOHe and bedBSmbsegoensky, the el
ordabtC=Nr ansiNdrasdt daciNHpsr qud eavi ng atrthb® nc dret ma
attakbye@OOand forms arestiwdttehr me d€C aMsetdruvaclt ur e .
Foll owing, -CeEiNpesr frersmdugail mi |l ar reacam®dOm by at
group and f-MH es d@R.oStutbesre q u eennt g ayg e nehnet of DMA
ensure the reaction t atfticaicdh'cow dtbht€ = @dr rfeoatm di
an unstable irfteHmwdvate phedstctong inductio
t hhE'N=©O-struktdsire hnrealgpradabN=C and amnifeoNO t he

pyridine side show a trend of wiGbhadmawoihhg el
CR i s weakened and broken by the strong indu
ur ea mmad wc-{DAARR)S t r u,c toufr ewha rcéhb nt Hkehteone st ruct
is to be atORglkaaer dtlyeldemiacerfod rhae.r unstabl e ir
compoiusndf or meQdC-Gws tt huamure. SinceORhasoalbi ¢tady
been satur aneaddsananottther Oel ecadr amdt o t f ihlals ian
induction eff edt btoman iN dbook(eht-G@idE apr edu ea d

|l eaving DMAP as the original form.



O
)I\ Carbodiimide/DMAP__ )]\ ERgr e
R—OH -+ 1
1 HO R, DCM ~o R,
B R
~R ~R l
o I o I /
& o—C
)J\ #H )k_/_?ﬁ R \
R4 o R 0 NY il
. i R
I | | NMez
N/\ +HN\ *HN\\ —
\\_O 3 o S \c—o FND_NM% c—o N/
—_ 2 H/\'\R / /
W )R % HN X it R
| | (0]
| o gy R
R R .
”
HIL NMe, NMe, NMe,
—_ \C=O + \_/ —_ \_/ oL ‘_/ S 2
/ N* NT + TSR, —> N R+ N H)-nm
HN 2 ; R 07 2 el R
| o=( o=( 0——0R, i
R" R1 R1 R1

SchemeA)B Rsealcewmeo 8t egl i ch ®Wwheeei fheatbboured
correspond to the chemicaB) sDeuatueédsmwchan

Steglich Eswkeain&dialRaet itohne r adi cal sarod <carbo

succeedesdo btyh autr etahey shoul d have some si mi/l

I n the original reaction systemcld ephextyd & aly o c
(DCC)usad as t he %o iHpwichbgyp ragewddi cyrcda hexyl u
(DCUYUegnerated from DCC halsemcogamer ds brfamaMd t yo
thoroughly fronNekherthehesgr oduseutcehenr$BB8o !l ubl e
di methyl aminopropyl ) dairtlg techiad Afidaek (bEeD &)e |uescetde
the carbodii mi deby mmmdurgygas s ho ln dsdo | hudbsd ewad lelr .

Additionally, DMAP is regardednashas egsaehioD



whiich a wat er asnodl uobnlley rteoa gbheer’fu s8éth ciep atca y3 ama
PCL is in fact a type of es$igiibliecdaobronhi St e
Therefor e, -EIDD MAR yrleiacc taicoind system-O08 @amepuped
a clean final product-prracdctudbdte, exaptealt yedt,, asn d |

can be easily removed by simple water washin

Steglich @stei idfeisc antuil dsnuglhe aasd vhangtha gseesl ect i vi
conditdohsghawgielMbref i mpodeant| vy, this reac
Ssubstrates with | ow sensiti visttyr,ucwhuircehd anrod e
Nor oeutziapresented a wor k osfi |fsuenscotopeoihxsaimiedsi ng [
hydr oxyl gOblpsli (EPOBBY wiiSithe gad rcyhl iB&Teeiid i ca
POSGHwi ah mol ecub®0Owagi/gnod ed Min this work sho
acylation on the hwdsakul ageddpswhigom aihredp inrg
work to carry o4atr ma ®iCGhtl eag liiocnh oBxsotwearliefri, c aSttieognl
Esteridamatl en baemiampmpliioend rteamct-Nébrhsasashi gbkel .
nucl eophi-OHtch & yc athaalny st DMAP iasddiestt tdare e ®emen
syst &mrther mor e, Steglich Esterification wo
mol ecul aarndwetioghrteduceof hseomeapbilgroonhdmasati o
exampl e, the synthesis opofwipiotcly(gbyaar @lxceéhb
bi omateruabally peAfwimdd2dnteur$206f nitroge
vacuudmToms iccessHowmbyer, the performance of
conditions, such as high temperature and hi ¢
equi pmemhe Poldydi sper swhtiyc hi nddeemxo n(sRDla)t es t he
di stribution, would show a | arge value, part

2Deploying Steglich Esterification would he

could be carried out under mi,l dwhcioonhdidad wlnds g

oy



bring oxidation and oil contamBestdes, tobheéhde
of esterification depends on the added amoun
of esterification should be ceasddtbacdeghe
esterification coul ®imeeptodei csarpodomnimi dlel e d
of-®H and hyd€CO®Péin HKMHdogm oups oLt h, at hteat e owoul |
water introduced intothédesyriaftebiomesd yso €t a
solution for further functionalisasaronaaowlth
chl cAddeéet itohnealrleyaact i on ti me woul d hkee ssingnitfiiv

of car badairOnsCHe sOMd

1. 3ummar y

PChas been devebmipenratferri emecaspaegasistoc alt spr oper t
bi ocompbhut bial sby has potenti aPr efp@amr i hgr tplhert of
mu Fatrim PCL woul d be an approdch ntadooeaév @emhe
introducing reinforcemernmm sPGLntwo udhdo éehmic s ialoll
properties bes icdhee neinchaa n cperdo ppéhreytsili ecsogm®mo B @& p es
which could further broaden Tohde abpplciatc &t iodn
compl ex s tvrau dadupgelsi d atri on s, additive manuf ac
appr oiarcchl udi ngl asetdr ushaaneldigghtexbassdonaddi ti
manufacturing i s -gmoalee satirtwdtl webidog dw@imlgesi tsh e
suitabl e for buil ding fi Anel até¢ rbuacstgldrtea d d i Spi«
manuf act sprhiong,n tlwawser ids rablt e wefoi tnfea §3r0O csatt reu cut
Photoinitators (Pl sbhasaead ardodintail ey masreuwdf a ont U ri

woul d potentially affect biocompatibility of

o o



evenf rRle photocuring process, vAhwltcdhebe wagt r
f abr ipcoartoiunsg bi omat er i-tad nsp li ast icrad ,| evdh eermau | ssu rofna c
used but coueadoipded etrabhgpve | ess ri sfkrecef cvy
emul-sempl ated materi al wo ull dt ebree swa rntgh wh i laec r
potentially <carry tfhreeeduphyotmfcupen@§or mipregi P
sur fdateentemampli @ani ng he Howeavie nnmieitonod of acr yl
bring yellow cytotox, cwhintpphurwauwl & hleowarnailt spr
capabildtgef®dPPPs$tructuring. Steglich Ester.i

acrylation withour bringing extra risk, whic



Al MS AND OBJECTI VES OF THE THESI S

The main aim @dxptlhoirse tthhees ipr oipsertt i es and pof

f or mulbatsiegpihwtihocur-abmepmuytaprol actone.
The objecpiopgscbfatéis

1)To synt hecsuirsaeb |l pph optod ycapr ol awcileen daangl!l &un
and acrylation.

2)To reinforce photocurable polycaprolacton
3)For acragtanventi onal n meatlhoednentalnh@dteag! i ch
Esteri &areatoobhg used and compared.

4)To prepare samplebomhapbdt csampil eg:, d@od¢ ms
Struevtaaddisti ve mlhowkacbsarsedgamd.eldi)ght

5)To characterise the samples properties:

t her mal mprompesthiesdaumpest,i bility, and degr



2Photocurable -meotl yxampy I
( PAW composites rei nf

polycaprol actone

2. Lntroducti on

Polycaprolactone is a commonly wused biomat e
appl i ¢@t.i'édthtse common availabl e mdClecius aa wien e
rangi nsg3 OfL 2 @i 0'G.* DMowadays, there are commer ci
which normally have | inear chemical structur
it has baepraveBDmat?CL ahas an el astic modul
melting tempef atThhree | ofw M@0 t AGg temperature
mel t debpaosseidt i3oDh pri ntnidng tappbucogdsoMedul us (
typical stficihnisBstutwseen O0.'37 kKRa ttohel meiPa and

properties make itself a promising candi dat e

Recently & afhevw hrlepggant o ur abl e forms of -the po
based 3Dviga innutmbreg, of di ff eertematlp.esnttrad etgh e spr d
of a photacowu rROUve @e3s-dmegni ng rcaamtriodmcobne
tri methylolpropane and a foll owi ni¢.® fiekcitd ion a
al successfudphwacoyabhhesPE€BEVM)YR&ELsi mi | ar react.i
but wusing pentaerythritol as the initiator,

after being e’ oTsheids twa sUWVF U ritghhet r,a leaxhpol or reepdo r bt ye



3arm photocurable PCL showed relatively | ow
(~3.5 MPa and ~4 MPa respectively, wheMAndhe

t he mechanical proper-ai msPGCGE mpep oetitl ¢adt & oy a @ ie ki

potenti al brittleness of this material, of v
to ~0.5 MPa, ~0.5 MPA&3 Rad t~HODé, matesmpiexlts vte
commer ci al applications, andniepulpar needl are
mechani cal properties. Recentl vy, Mel chel sd&
PCL formulation with pentaerythritol tetraac

up to 65 times thaa thathob potueycwes$bi hbwe
to Melchels to obtaadadd ian g hloit oecaurr aQ Le-airmnsd inf f
photocurabl e PCL resin.t dTahrimer a pgpporaccahc heas t

crosslinked PCL witth® i near PLA composites

Compar ed -MviRRLhA PcQLmp eMs iatneds .| | @&lshre PB@&pnelave g un
which is hexanoatsehoehdwhexcelchanthscommatyi bi
after being mixed. ThMsandomposbatefPCtoanbbatd
the di sadvantages of both Modeevand aompared
PLA as the wbiohowoementb,y i ngni lgiodg h eorv esrtciofnfen el

brittleness, usi4MgcPBGLdt @ hrc esie & meeaSPicAln d y

Il n this wor ks;arwe-PCimtdh ¢ aibgsedt a4 ed composites
amount of | inear PCL. The mechanical propert
of these compositiesvwetrée wbakawtsr icaad.i ed ¢

bi ocompatibility of these composites.



2. Materials and Met hods

2. Maxr eri al s

Pent aer Wctahprriotloalc,t omteh y | thierx(alnlo)at 2 (stannous 0
(BN), methacrylic anhydride ( WABO, 0Q@® I g/craplr)o,l

di phenyIrime4 hgl benzoy-hyphdnxeythh ynlep r coxpii dogp/h2e n o n

(photoinitiator, PIl) we de i cphu.r c Dacdérd o rfanoert h
hydrochloric acid (HCI), met hanol , tetrahyd
were purchased from Fisher Scientific, UK.

2. Me2 hods

2. 2.2Syint hesiMs of PCL

A c|> o
o
HO Sn(Ou) O/Q(\O/[J\/\/\/ ~];H
+
HO oH TIeCN, o A 2
R
Pentaerythritol e-Caprolactone 4-arm PCL
(1 mol eq.) (8 mol eq.) (n=2, theoretical)
B .
5 o
/QE\ ,!/U\/\/\/Ckl\ )]\( w(U\ EtN OQCO{JK/\/VOW/K
\ Ice bath to RT
0\ 2
—x ' kg
4-arm PCL MAA 4-arm PCL Methacrylate
(1 mol eq.) (6 mol eq.) (PCL-M)

SchedmeSynt heBi sAfSyrdirhmre sRGL owhidch was kept
overni gritt ruongdeer fl ow at 16@A@ PE)L Met Iha dMAAI

preparvg PvMhl ch was kept under nitroge'd flow



The synt hBéBshewz®P@lone by foll owt h’glBRrhiee fwoyr,
the first step -ogersiymdg hreesa st iwars ke trwengn pent
Ucaprolactone (8 mol eq.) under 160AC and ni
stannous octoat ead(deepdp rwohxewedOhae homaogenesdhws s
stirred at 200 -ar pnm Pa&feo 1yowasC .t Mend obt ai ned

functionalisation. -aFrom PRGke | yeweodsndi s3@lpyed hii1

(ratioarmmOPClH ¥4n )6 WosNm( ED@MI eq. ). The sol ut

with continuous nitrogen flow and cooled in
the solution dropwi se. This reaction was pe
which it waseatbowedmtboempéerature. The sol ut

M) arndondesed water to rempveduectss dubhihetremigetnit
evaporated to remove DCM as much as possi bl e
met hamoplr ox. 101 vol #8Me)ACarnd kaMetd ioprfdusrt en eR Clp
t he -NNPCfLr om r esi dual DCM andM rpernencainpti traetaicotna nw e

under aneudapmpor atoit ana caunudm al ihnieg. h

2. 2. 2E@2bri cat-MoORPCaBORCLComposites

PCM and PCL (80 kDa) were dissolvedM) ni DCM
seal ed vi atlhsogholiupp r miaxed €heh B-MemBBUtiIi on was
di fferent weight rati o3 PECL dcdormepaTrima .Qle stion & owe
|l oaded in syring-+emand ednjPeDcMSe dnoiuntdos daongd al s

on gl agsrsesspleicdesvel y, which were then cured u



W/ ¢®m for 5 min each side. The cured sampl es

vacuum oven overnight.

2. 2. 2NBcl ear Magnetic Resonance

Pr o Nwmnl Maagn k¢ $ @ n Senccter o HANAVIRy, (Br uker AV Izl 400
as the solvent) was wused for charadt eAinsgli ng

the spectraidest RaNalgased

2. 2. 2FEdtlustireamsform I nfrared Spect

Attenuat ed T-dtoal#t irmenfsifeocrtm olnnf r ar-edl Bped@heomo
Scientific -INRcOpedt r3d8metFelr) was performed f o
functional -agmo PCd dfeti edrg 4 uM ca n do ntahad scehda nPgQel P (
M and-MPEBCL composite resins being cured. T

bet ween'400400.@ mc m

2. 2. 2G&l. Permeation Chromatograp

The molecul aaar wePGbt-BMinawvéP@L charqaelt epesmédatii
chromatography (GPEal iAlgipdotdiyd it laz2n@ael8nafmpnl ietsy we

di ssolved in THF as solvent with a concentr a

2. 2. 2Méchanical Testing



The -ldoomge shaped samplséd edweme Meemedsdi et eMu li tnigT

machine with a tensile speed 1 mm/ mi n. Ni ne

2. 2. 2Di7f.f erenti al Scanning Cal or

Di fferential scanning calorimetry (DSC, Perk
the ther mal properties and crystallinities o
performed as follows: the sampldesatwdrod AfCe dtoe

cool ééed AtCo at 10A6GO0ACNnfohebdmanh, and heated t

heating profile was carried out wunder nitrog

2. 2.258Banning Electron Microscop

Bul k samples were cut into cubic shapes. Oon
anothewagoaked in DCM and | eft on a shaker
mol ecul es outM frmadmi xhe TREL | eached ones wer.

overnight. Subsequewtlay,edalflors &M e snawe ma . g o

2. 2. 21.M.\Biitorcoompatibility Assay

The cured films were cut with a biopsy punc
cul turel5 NGllOI8 were used to perform cell cul
10,000 cells per well. Resazumd n7 ass®ye omaisv

characterise the cell growth.



2. 2. 2Addel erated Degradati on

To examine and compareMtared-MRBCladabmpos iyt es
accelerated degradangoNawals s pé efoono nseeddd W)t ear
watercontrol ). Briebfdwdhapbe eampgl o f weévhiet ldwtyg
the same si zeTamafecoaadh gtuymd i @fh.sampl e wer e
test . Empty bijoasdweeegiwkilgheldowvadi wg t he sa
initial weights of 1swgmplEax hwerfe trhec ddri d eodi sa sve
mi| NaOH solution and ,¢t@ps se@alaemd i hcupraewvent 3
Every 15 hours, NaOH solution was extracted
wi & h mD Iweafttenrt e enes. The sampl es wernda elre fvtaciuru nt
(50 AC) for 2 hours to remowiendheeaelsiliujadu m
sampl e was iweigbetthasr esi duabwy)we iSguhbts eaqfu end rh
bijous were filled with 2 ml fresh NaOH, seal
The bijous were | abelled, and the weights we|]

menti oned above was carried out without <caps

2. 2. 2Ddtla Analysis and Statistic:

Data analysis was conducted in Origin Pro 20
and GraphPad Prism (version 10) (cel}t work d
way ANOWVAchanical teswayndgNOI¥Aa(lcahld Wwawok and
dat a) . Error bars on graphs indicate standar

represewndlede as ®. 033 (*), 0.002 (**) and 0.0



2. Resul Pssamslsi on

2. 3.Clhh.emi cal Structures

A 4-arm PCL
PCL-M resin
3450 em”! 1728 cm! 1637 cm”!
O-H stre(ching c=0 stnelching c=C slrelchlng
8 3570 3360 3150 1743 1716 1683 1650 1620 1590
= » f
3 \
'g \ o /
@ N /
< \ i/
\ i /
N/
'\ !
o/
i/
e
R | 1114
1 | s
1 : 1 } 1
S ,‘ i

T T T T T T T T I T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

B(i) i
R\O/QCOM‘*” 4-arm PCL
C‘h%n—’
CHCl, : k a
| L
B(ii) I ] b

PCL-M

T T T T T T T T T T T T T T T T 1
0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.
f1 (ppm)

Fi gu3ea)FRTR s peacrtnr aP CoLf -Mén dwiPeCrLe pe d,k s1 7a28 3 45
cm and Ur6e3p7r ecs@H,t iensgt er, and C=C functional
signi fi cantarcnh aPnQlLe baefitnegr ndeM. hidboc(n y I) a tINMAR tsp eR €
4arm PCL -Mndwhe&€rle peak a at 3.58 ppm shows a

but peaks b, c, and d atr éeds Bé&c tpipumel ¥b.. 48

n o



As shown -Fhl RhepAdtR@dg a&f shkigqqurfe cant reductio
intensHtyt mndt ©Ohicqanatbhe3 bHBeamed, -@Hi ghoupsic
at the -aernnd sP®Lf hdave ,hettnnectonshhomedughly. An i
intensityamd d728wcpéakvhatchlaEePdPreesents the C
respectivel vy, i ndi ccQ@Hegtbapstihe @aonssmpt i oh
an®H which have formed new ester bonds and

ends-apfimm PCL mol ecul es.

The NMR spercmrRClf-MinMddr @CkhowhB i (Wi F&gur g. It
confirmed that the met hadryland ayreobgenr sprce
introducedar mnPOL t hAes 4t here is a |inear rel at]
with the same chemical environment and the i
that the ratice)dbabndve@n3 peawksclih matches the
protons on the groups respectiahabvge. bRfehenmat ma
with methacryl ate ga6ouwphs | a@&nd hter anessfto ronfie dt hteom
remai ned coime atsiThog cwailtchul ate the degree of
number of methylene carbons directly a&®nnect
can be set as X. The number of met hyl group
number of residuaOHcamrdbwoms, swhil d mom ¢ AMDBEBE hel | e
spectrum and | ocated at the same-XposiAtnidon he
integral ar banabat iMMOLsb estpweecetnr um i s 1: 0. 3. Mul
of protons attached on these methyl ene/ met hy

integral area ratio is as foll ows:



oW p
CT @ T

By solving this aeuaki omat alXyni #ICR . thidilsec4 | e

met hacryl ated, X should be 4. Thus, the degr

The degree ofamptbabtmpt at yon i s

ThRCM/ PClesi npr evearred as shown:

Tab2 eWei ght rMatainods lafneRGL PCL.

Name Wei ght r-Mt:i oPCIP
PCM PCIM only
PCM-10 1: 0.1
PCM-20 1: 0. 2
PCM-30 1: 0. 3




A PCL-M resin B PCL-M-10 resin
PCL-M cured PCL-M-10 cured
2040 cm 1637 em™ 2940 om lj
C-H (Alkane) stretching C=C stretching C-H (Alkane) stretching C=C stretching
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whi ch i
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t her e ameet hlyoltestet By r peugpk s-1 ad oA Me gmMme sent i ng s
Hstretch-Hbgdiadiigd (hot shdwf séegenP€Hba tPMede n

10, -Ww-Z0Q, anAW3O0P.CL

2. 3.Mal ecul ar Weight s

GPC results show that moMeanféoaalsomesi:ght s of P

Tab3 eMol ecul aqarwmeiPECht-Bl.ndf PLL

Na me Mn( g/ moll Mw( g/ mol PD
4-arm PC 1616 2167 1.341
P CiM 2347 2637 1.124

According to the reaction recipe and etshud tdeg

which i s 69 %, t hartmhéecCrlLe-dinda IPCdhtukabéddas f

0 0 g p mtgud mo |

0 0 T0 PX owhb1239 g/ mol
However, from the GPC results, a generally I
than the theoretical value. The molecul ar w
unreacted and | ow mol ecul ar f rnatgimeeln tssu bdluirnantc
the pentaerythitol. I ndeeMds tmel exPud arre swelitgs



col

erally higher than tiMganMiaoneeodovenl 20a0ueg/
h a | ower PD valcoel d. h24a 6Heshbhl dewvoiatihen
ich the | ow mM eouwul ar bwe wg Blhle BvCahateeary gt Aan

e easily |l eaving the heavier fraction in
itionally, due-Mt aoséethai n Pdr i menrldvoiPkbLl lreac u |l a
uctures, they would occupy | arger space i
oreticalgmb| ewhl ah weuld make them spend

ustm st haes@RP€wed a Hi2gher value



2. 3.echanical Properties
| > % %k %k
%k %k %k ‘
% %k %k
1 —
dkokk  kkk % %k
ns %k %k % %k %k
15 H ” | 10 |
N B =
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E o 6
kel e
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» 5 2
o = T
5 o 24
3 @ PCL-M
0- 0-
. == PCL-M-10
% %k %k B PCL-M-20
* kK = PCL-M-30
I l 0 n=9
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= E 600 -
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£ 2 400-
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5 50 =)
= 3 200-
- [
0- 01—=
Fi glsPd wtf s Youngbés Modul us, break str-®ilngt h, n
and -MCL1LO0, 20, and 30 composites. 9 sampl es
The Youngdés MddO+1u3. &®f MPPL)L shows the highest
samples, although increasing the amount of F

MPa t o

~13 1¥YRAt EFi gddeng

10 wdM-0 os hdbweaelaowe®C

compar edVM.t o hRGL coultdcd ebe na rroadsuwlthtir makfeo f tlhien da

crossl inked osmerruect urhee tagoyuld s & lhien ka dddeerds iamoun't

pp



was too |l ow to compearesativitathd blad¥Bs¥NMés nebk e

added amount of PCL increased, the degree of
i Sect2zBod), which contributes an i ncreasing \
1 3.4

As a reinforcement, PCL also provides extra

| argely contributed by the added | inear PCL,

hi gh mol ecul ar weight (80]J]e@emeéndg/ mold) cr Addiat il
l arge | inear mol ecul es would also introduc
composites so that highelf® sRuretshserinsorree q utihree c
and entangl ement of | inear PCL mol ecul e al so
of being stretched from entangled to straigt
ot &% Accompanying this, more energy 1S reqgu
higher tdgmMeceos dingly, this composite could

require heavy | oads, high flexibility, or im



2. 3.Th.er mal Properties

-50 0 50 100
T . T J T
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Fi gu6 eDtSHCe r moogfr ammla n d-MPECL 8 0 k

composites, w

refering to melting points (cJmcandb@mépuaddo

M/ PCL80K composites bwMt saamphet be

f oun



Tabdl eTher opler t i-M sanodckMPPBI0LL composites.

Sampl ) ) )

T/ AC qHn/( J/ Td AC gHJ( I/ Tmd/ A gHmO / (
Name
PCM N/ A N/ A N/ A N/ A N/ A N/ A

PCiM-10 57. 1 6. 82 6.87 -5.07 54. 4 4. 88

PCiM-20 61. 3 12. 4 8.90 9.9 54. 9 9. 72

N)

PCIM-30 61.5 17.5 13.2 -13.7 565.1 13.0

Alsla mpulseesd i n cDoSvp Iweetreel y cured with all resid

vacuum.

As shownlbnDBCgoaueves show that-Mdishpe anlog r @ann
indicating t hatM tihse amh ocatnoocruyrheodu sPQGriat eri al , wl
t he -modwcul ar paétiyogbt wi e | l' i keHy nkedmt & e hma

pol ymeric netlwonrkki nugp.on cr oss

However, peaks can-MbPCbbsampkeds framdPChe me
basically match with PCLOslI greAQ iThg spoipretak swh
that there are crystallised phagsgstgalldyimgert. b
Thus -M-PCL 20, and 30 samples can be defined :

The crystalliM/PLLocomPbsimneBClcan be cal cul a



wherHai s the melting enthal py measuHed ftrhem e

standard melting enthaly8Yy,®001 @0 ¥%od n y &%wali Icihs
The result of calculated crysn abbbeenliotw, owh ePrCe

Xcandd Xare the crystallinity val ureess bed toirwe layn

Tabsl eDegrees of -Mrgaghd-MPEELtygompo®CLes.

Sampl e N Xd % X0 /I %

P CiM N/ A N/ A

PCiM-10 5.01 3.59

PCiM-2 0 9. 17 7.15

PCiM-30 12.93 9.60
From the calcul ated results, generally, the
along with more added PCL, and a same trend
t her mal hi story erasing. Thedde rnteosuletss oirredii a
M/ PCL composites after heating is withdrawn
crossli-Mkedt R€ELmal ly reversible phase. This

thermorespmambvyg sBppdfi |whiych the testing re

i Bect2B o 6 .

p



2. 3.Mbi.crostPropteut aks

PCL-M PCL-M-10 PCL-M-20 PCL-M-30 PCL-M PCL-M-10 PCL-M-20 PCL-M-30

¥ | o 7 : . ' .

Weight Loss after DCM Leaching

0.15-

ns K K Xk K %k %k ¥k %k k

PCL-M

- _l — | PCL-M-10
o 0.10 -
= == PCL-M-20
2 = PCL-M-30
= 0.05- n=5

g ér ‘.8 § *** p<0.001

Before (left) and after (right) leaching

Fi guT eA) AppearhancoedP3®OLf bPCbre DCM | eaching.

of MAWLCM-30 after DCM |l eaching.



PCL-M-10 PCL-M-10 “PCL-M-10

PCL-M-20 , PCL-M-20 PCL-M-20

PCL-M-30 : PCL-M-30 PCL-M-30

Fi gu8Ag Surf-dMceoREBXOL before BfrMClsexdhiomau.! ar e

PCM tP&€M-30 before DCM | eaching.



PCL-M-10 PCL-M-10 } o NRVET

PCL-M-20 - - PCL-M-20

PCL-M-30 PCL-M-30°

Fi gLu9A SurfadMetofrMPRILLaft er DEM Cisemascthiionmgal ar
of MMClL o-MP3Q0L after DEdMabllaeg sem il(@@Peft codmumns) a

(right columns).

Fi gbAeshows a seM noaft ecruraelMis sPaChiiph @ sP@Lk e tr ansy
indi cates a phase segregation and a composit
To further i nvestigate the microscdh utchheurlei mod

PCL pdiuats doef -NPChat r i x .

The appearamd®PelLofl eRCh(eHd guarmmpldéd/sBmor e pal e a

reflective on the surfaces, i ndicating that



after | eaching. From each type of material,

shape with approximately 0.1 g as their ini
were dried under vacuum and wdiigqlge dt ot ot hree cro
( Fi dr)e t he weight |l oss shows compliance wi
indicate that the distribution of PCL after
the composites. The mas®% P& PCEIi mab€rshbwetbo
the PO PCL | ost 22. 4%/ Cd tbst3Q@%. B&®,. indic
the linear PCL can be eluted Mramdt mode | @olsje
significant weight Mpdrd RGMItbridatcmeaerctk.i ngP @lf
which was due to the mechanical stresses on

drying.

Bef ore DCM | eaching, SEM iMWaPgCels csohmopwo sti it eets tg
acquired bumpy sur-M@as esurcfoampe rvehdi d o( FPsCgLar e at
18A) Some spherical structures-MR2&n almdl-3t0VICL er v e
sampl e. The samples were cut-sebtooghl baraas
observed. Under SskEeM,t iao nsanho oatrheear ccarncMbs® C& e en
compo(skitewsr e Hb&RBNVer, a massive nuwbechoédppea
be i mmersed in a matrix, can be observed, wkt
phase separation baetnwePQL trhaet elriimd asr. alrod fdir t
separation of these composbCRsovat hi ghmpt e sl
PCL out from t hed amat rpiax .t i lcru daerd tyir @ nna |t haer ecarso ¢
FiguBe porous structures formed by the spheri
i's basicall ysthoimaweeadbsl wpproxi mate average
below 1 micron. Since these structures have

t hessteer uct ur-tMs matei PCLThese s tnmiuxcetdu r sahsr cuirciat dui rcea



composite obtained by solvent casting, whi

manufacturing techniques (e.g. stereolithogr

2. 3.hapemory Testing

Heated
[+]
Bent 80°C,15s
—-
80 °C i

Frozen at -80 °C & back to RT

Twisted
_)
80 °C Heated
ﬁ
80°C,15s

Fig2a®eA) TheoonfigunaMiloOnbdboemePGCGlhaped sampl e.
Bending and twisting of this sample, respect

after heat applied. All pictures were te&

A PMHLO sample was selected to test the shape
i s s hownboanse as hdaopge d <s2aBmp ITeh ei ns akipd ler ewvas heat ¢
oven for at | east 10 minutes. Then,2Dt g san
twisting str2k,s dd8Rar at &liyguraeend fi xed on a g
the configurations. akhG AQGnfpdre Svarsi rtihteens famd

The fixing tapes and gtl awass sfld Wred tweate trheenod



be maint ai2dfBeld & Bi2g)ur e Subsequently, the samp

and the shape restoring process could be acc

Such amesnmoarpye property couipdalse explpaoisnedcd sy ri
phocuwri ngd, fPRCIns a c ke mikcead |tyh ecrrmoossset net wor Kk
a ther mopdrayssttiacl Isiem mat«irysofal hi sedr t BVhpes a
is below the melting point of PCL (60AC), du
do not exhibit mobility but offer much highe
PCM YM 15 MPa, approxi BLtlLeldymi whitels médans nt f
the deformation can be maintained under RT.
mol ecudreystdael | i se and exhi biM prhabsiel isttyi,| | h ome
chemicaidllimwkedosds Thuict uakso provides a mechan
energy. Energy input by applied extediMnal st
net work and also can be released when the d
PCIM phase domitneartneasl tshter ess, the stored exte
shape can be restored. Thi s was al so obse

t her mor es ploA/sH Lvle-nseh@bprey nidt er i al s
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3.Bli.ocompatibility

ok Kk

= T

*

*k
** PCL-M
PCL-M-10
oKk
s PCL-M-20
== PCL-M-30
mm TCP
NC
n=3
7 *** n<0.001

N A
05\0'5\0,55

Day 1

Day 4

a Vs ayn dfMPELCILt £ oonfp oRC It e s .

1.

(Resazu

a)
(exc
b )

an be

mat e

wi |l

bet ween days within groups. Al groups

cel |l growth on Day 7 compared to Day

da®n Day 7, a significant difference ¢

The resul8Btl50ftelNIGLIGul tur(Bi quikesh®wWms i hhatsstalger
significant cell growth on all types of
show slightly | ess increasw riendDuclet| &l atg rRPGLt hh ac:
l ess pol ar funct H(dCrra@) ogurpo uopfs ,mest(h€ahcg aysl €l tRe? )g r ¢
is overall mor e -My@amaphadiiomgt HameRCL PCL
adhesion and proliferation.



\FOJ\/\A/H’” \foi/\/\/}O\H\

PCL PCL-M

Fi ga2Chemi cal struct WM esshef ER-Ql maurpd oFRClmet hac

gr o(uipne ¢ d daspreayv ibdbexspaddritpntahus . more hyd

To optimize the cell attachment performance,
such as air plasma treat ment which could br

adhesion, thus, a better biocompatsi lgiuli ity .sik

or even better mechanical properti esi2tbhan sc
MPa), it could potenti!d%)]3%°be applied as a b
2. 3.Begradability
| ns I
1504 l ns 150 [ PCL-M
g S == PCL-M-10
o o
'é 100_ E 100_ B PCL-M-20
= g -PCLM30
5 5 * p<0.001
£ 50 £ 504 p<0002
2 =
2 2 ‘
b b 9\ \\ "\ "9‘\\ "’°®
¥ v\ ‘\\ ‘\\ .Q\ S ‘x« @ \“ \*
RO RS @@ @\3’ @@ @v@

Figh3eDegradati oM ard-MPRBBL od o RCd inti s di nwad e
(4Hi0) and 5 M NaOH solpéeioant(agenaamnti eag @i lyh

every 15 hours).

CT



From the degradatiof3resulcas dlRowreinnthiagurg

samples had weight | oss after 60 hours of i m
PCM exhibits the | east significance among al
conditiongédvemnwienhr Bt i on al kal i, whi ch sho
hydrophilicity. Such phenomeebnawabo atsoduwd

accelerated demA/aRllaltAiosteeawime REL T at HnNPgNsr e tiwor
NaOH solutioRA swhewed PBhLch | ower deéedNsdddatio

Possibly, this is on one handandlud itneatrhde Cphhe

that there are no actual strong covalent bon
probability to diffuse intoeM,t heehsiel ecaodnsp otsa t te
degradatio®nrahesother hand, according to th

shows much | ess de@t deo ®Pf. 6c%)y sctoariplairsealt it on t(hZ
l inear PCL (~60%) allowing much higher wat el
rate of degradation than pure PGCL.,'*Ahoncgh wiotu
the increased amount o f l i near PCL, the de
contributed by the '*ifauchasedudt st aldli icaitteyth
a tunabl e degradation rate could be obtaine

requiring different degradation rates.

2. €oncl usi ons

PCM/ PCL compositegisaoalnv ebnet fcaabsrtiicnagt.e dTd#Mes e c o
with an interconnected spherical structured
inclusions. The composites have shown Sign

cy



compared tM npaurea iRRCL Moreover, thememmpgsit e
properties due to the added PCL. Additional!/l
the degradat-M/omCLl ad empods iPtCelLs . Meadwhhhbhe, t wes

composites are biocompatible and could be po

c o



3.l n wittudy of 3D printed

M/ HAp scaffol ds

3. Lntroducti on

Previously, researchers have sarcrmeBGEM)( PEL sy
and used to fabricate cell scaffolds for tis

have been conducted on these bsoafofrplads Pdand t:

Since this is produced in a liquid resin, wh
a composite, it would be interesting to ex
engineering, such as bone tissues.

Hydroxyapatite (HAp), as a natwurally existin

role in providhnlgogadasbidnd yprodmobteiahg | b o nhea sr ebgee

extensively used as a reinforcement i n pol
capability of introducing highté% Yiocepmaat il
scenarios, the scale of bone damage coul d va
tuned degradation rate of cell scaffbPds if

Photocurabl e maiMer iaales ,abdwech oasofR@L vioanp!|l e x
additive manufacturing, and the addition of
of the polymer matqiexnfohMedo RICd rhexyappmoi ¢ et

for biological issues, such as tissue engine

|l nstead of wusing pure hydroxyaptani benesadamess
have drawn resear chaenmdc?dMadutee nttoi otnh,e isrucahbialsi tSy

TN



formattt ond*Therefore, using hydroxyapatites

hydr
bi oc

gr ai

shap

oxyapatites) apolryemerf o mad me xt swoiun d h o |
omp,apebi Fitally for bone cells. These su
n size of HAp due t% wheth dobfdr éntthe
i cal properties and relative perfor manc ¢

osity when being used a'¥%a reinforcement

his wor k, wearam MW QbBbs stylng hmaati rsiex aamd use

ios of HAp as reinforcements. Andowlree t

ed sampl es, a N deax3tDr -bpsrsi endt eadd dsictaifvieo | masn u f a
act angloe bee pteirfgpr med on some of t he f

ophilicity. Tensil ebotwsdtaiprg wasnppewi b Ame

assay is to be conducted on al/l types of S

Pent
(Et 3
met h
met h
phen
Di ch
Sci e

Subs

l erated degradati on i s M/ HA p p erofmpromea d

adability.

RMateri al s

aer Wctahprriotloal c,t oeteh y | thierxk(alnlo)at 2 (st annous 0
N) , met hacr yl Ihydraoxhyyadpra tefief re{ MAHA )X,y s3 | y I
acryl ate ( MAPTtMS ) met dypbhenyby hlyglh-bxpyhi ne
yl propiophenone blend (phot oitdniatmi2ti omro, F
ylindole di hygmd ocphatl dedi( DAREJAE dpucbhas
| oromet hane (DCM), hydr ecped roah as eacc i fdr o ni C
ntific, UKhy8rbpbab{ EDKwH3O0purchased frc
tituted HAp (C4, 5 mol % Mg and 5 mol % Sr

TM



3.

P CiM

To

a

3.

Blet hods

3.Plrreparation of Foiolnme SSaamppllee

reere wynthesised by usliesgr Ske®caRlioyd .tlhe s

prepare film samp) ewer eowaslséd plsy (piirmania

mi xt uwS @( 97 %) Ho@n( B 0 Pb) (3:1, v/iv), to remov

contaminani®O$ gmoubpsi ogq the surface. Subsequc

by
t h

t o

me t

en t

be

hanol to ren®veA rMARTIMSa Is oalcuitdi oann d( 1H) wi
o i mmerse the coverslips for at | east

affde€d gwioulps so that after photocuring,

withlabke gurface and be able to maintain fl a

NoBubstituted HAp (SigmaAldrich) was select

experi ment to evaluate-MitHAp bcomponpiatt e D, | duy

av
fo
ad

br

Dr

by

ailability of the -Muwasi bueededn®CIM)NPL I &L
r at | east 5 min to obtain homogenous mixt
ded into -Mndesidsal ARCul trasonicator (UP10O
eak | arge particles of HAed uinn it he omiagtigu ree
ops of f &b HApameadtRCl onto glass slides in
surface treated coverslips which were al/l
re fully covering the ink and horizont al ¢
re taken to a UV | ight ?s ofuorrc eU\ GenxnpioGuurree 2
i de. The coverslips were then removed, and
bstrate. The films wereembea twheshedsi dualet



unr eactvMed ARMGL t hsanseer es auspelde under the bi ocomp:

descr Sk e t38»4m

For tensil-osddapedgsanmphges were also prepar
PCM and-MPBRAp (SigmaAldrich, 1) Odmp BDi twd %
prepared by the method above, | oadedulidmst,o i 1

and cured under théosamédeUVilimght osobr ene n eas

3. 3.AAditive Manufacturing (3D

To prepare 3D pM iwatsi mg xéeidnkas & ,h FPGL (2 wt %) f o
conditions to obtain a homogenous miXxture. 5

(C4, wei ght per &g ntwaagse aadgdaaWidn sihrdtiRCILBIGCR Y € y . D

mi xing process, an ultrasonicator (UP10O0OH, H
unt i | no aggregation could be found in the
ultrasonicator, al | inks wat hbwélAghiweper deptea

HAp), which is typical-tlgiadded spemakelcahbyi
147 and allow for better 3D prinitniongsyp d rnfgeers
individually (BDbckl0 mih wiatch bdemwhi ch a di sj
tip, pi nk, gauge 20, inner diameter 0.61 mm)

into BioBots 2 3D printer (now Allevi 2).



i) &

HAp + Silica ! Load into syringe
—_— >
Ultrasonic -

Figa4 eSchemaeparohg 3D printing on Biobo

A -Rayer |l attice structure we aimed to print
(https:// www. affli ¢eisd3d., cowh/icdamplaen be used as

And after trials and optimizatiobh®wsthe prin

. | Temperatur | Speed/(mm-
0,
0 5 25 il

10 15 25 0.8

20 20 25 0.8

30 30 25 0.8

40 40 25 0.8

50 75 30 0.6
FigaseStructure to be printed (top left), pl

printing parameters for each concentr



Thecaffolds were printed on a glass slide an
fixed on the 3D pr3ntémd(the mpirght eaf skEiadg o o¢
from the glass slide by a scalpel andanwashe

photoinitiator.

3. 3CBaracterisation

3. 3.Watler Contact Angl e

Film samples were usedMtanteshetbemwestitabifoc

additional gr ouNd dodp esda mpiltehs , s iP-BILcSai | ( tame d wa

introduced into wettabilityw/ Cdstsaatplfasrc adler
printing and the following cell wor k were
printability-tfhrioomidigl efdedikhtcd etahe amount of

10, 20, 30, 40, aiMd am@ wth® agpiemstsi PClca wke
hydroxyapatite, the conM esnhtouwltd ome od. 1s5,l iC.a3
0.75 wt % awairnesstp eRiGhipv e lfyy. tThoe spr oc eMd swiotfh ex p
0.15, 0.45, and 0.75 wt% silica was selected
with-MP@Lth 10, 30, and 50 wt% hydroxyapatite

to conduct nwgalteert ecsotnst.a cQn ae &lc hoft ygoeesell wampft

pl aced on 5 | ocations respectively, whi ch wi
ot her . The shapes of wat er dropl et and cont
mac hitnoemaatui cal ly by its monitoringiGsaphwade.



Prism 10. 0-why WINOVA Wwwe used for statistica
nor mal hydroxyapatite (Si-NNmMdAl dndchhower & en

Ssubstituted HAp-MW&€HXBe named as PCL

3.3.8e@2hanical Testing

Mechanical testing-bwasdhpeped os ammpl esn. t hlee dogm

individually on a tensile t-d¥Wwiitnlgp anatémnmsniel ¢ N

mm/ mi n. Five replicates were wused for each
analysed in GraphPad Prism (versi on -wlal) , an
ANOVA.

3.3.8c8nning Electron Microscopy (

The microstructures ofs8dt ipon alt-MaH sp-lad d@g@P Cls

samples were imaged by SEM (FEI Nova NanoSEWNM

3.3.8Bn4Biitorcompatibility Assay
Bi ocompatibility test was conducted by seed
scaffolds. Before cell seeding, all sampl es
the residual unreacted monomer lamsdtp oot @irroicte
performed by i mmersing samples in 70% et han
scaffolds for 4 days). Then theosampbewatwer
remove residual ethanol . aPdi sampd etsh egkea @t u anin



growth media for 45 min, which was used to I
bound proteins to the samples. The media was:s
were seeded onto the sampl e®¥. (8¢t hhdulotchucreea t |
conditions were, uaed 93%ACumbB& COed). Two gr
in this work and cultured under the same <co
where there were no samples but only cell s

contr ol ( NEy ewwere only samples and media, b

Resazurin assay was used to test the metabo
adding resazurin solution, media was withdr

washed by Hanks Bal anced Salt ®cluurom 6dHBS
was added directly to the culture plates. Fo
a new plate so that only the celeLsottashedr
solution was added tbighthcweatl tuoader Tmemj m
placed in an i neubwittohr a(l3u7ml ,i usn® f®O | cover
20Q@L solution from eachweMell | plwaatse twhaincshf ewa s« di

pl ate reader to obtain the fluorescence int ¢

The i ntteenswdsy vadr@alayphddd Pri smwad9. ABNOVA wag ht

statistical met hod.
Conf ocal mi croscopy was also used in this a
scaffol ewd Cadf (BOL wt %, with 1.5 wt% silica).

used to fix the cel,]l 3@&@n mi mg @adafefrwbnkdii @B 6 G an
PBS washing. Subsequently, the formal dehyde
rinsed in PBSL fper Bed b imeisz ati0®n sol uti on was
for 10 min and removed.dsAfwerre tvheets Wwigckdait emeP B S
406-dbami2zpiheranyl i ndol e di hyedyY snt hli omr iPdBeS) ( DvaaRsl |, a d

TT



scaffol ds, which were then covered in dark
temperature.t HoeAIPlIl o wion g tti lopamt was removed, and
in PREcdhe scaffolds were themrgl/amideidn wPB®B) pth
min in dark condition and room temperature.
scaffolds werewiwaeavhedhi weP8Skept in PBS wund
confocal mi croscopy i maging wead iMeetra Mo rnpehdE

Mi croscopy Automation & I mage Analysis Softw

3.3.RBcbel erated Degradati on

Due to the | imited availability of substitut
PCM and-MP@Lth nor mal HAp (Sigma Al dri ch, 10

which were cut approximately withoft hbkogea me ¢

shaped samples, to evaluate the effecM. that
6 of each type of samples were i mmersed in 2
ml , pol ystyrene) to moni toaxres st heempa ¢ b eblieroaut ew
wei ghednds wei gaofetrderasl wading the sample, and
were recawyledThe bavg amlueddewatmrdi n an i ncubator
days, NaOH solution was extracted from all t
of -idbeni sed water for 3 times. The sampl es we

(50 AC) for 2 rhesirdsualo meimotvier & hiensi de. Aft e
sampl e was weigbetthasr wwsi duabwy)we iSguhbts exqfu emnd rh
bijous were filled with 2 ml fresh NaOH, sea

Altlthe weighing process mentioned above was ¢



was conducted for 15 daysGr aDpahtPaa da nParliyssm sl Owa0s

t wsay ANOVA was used for statistical analysi

3.4Results and Discussi on

3. 4Melc. hani cal Properties-bameé Mi

Sampl es

%k X % *kk
ns
. ¥ I
50_ 8- 25_ ns ns ns
T‘; ns * % * K K ns ns ns ’_| PCL-M
S 40- . _ 201 PCL-M-10HAp
@ - g I = PCL-M-20HAp
3% s, B == PCL-M-30HAp
= 20- 5 L e % 10- * p<0.001
A 1] S ** 0,001<p<0.002
£ 10- 54 s
= n=5
o
>
0- 0- 0-
FigaBeTensile tesMiamgd-MRBAP tcso g o PiCtLe s, | ef
Youngbés Modul us, ulti mate tensile strer

Tengielse ing results show that -M/hHA pY ocuonngpdcss i Mc
gradually increase along with the added amol
20 and 30 wt% HAp, thefestsflanssgnifndiaacat il
PCM only, under {MAdHAPame® mptorse s esP@Lk e more ca

shape, which is beneficial for applimati ons

T



bones, of which their Youn§069® MPaeNCRS8HApPTr mal
and -MGDHAp show appropriate YM values (27 M
values) exactly in this range, which brings
Moreover, the UTS also showsanan 3i0n ovit &a HiApg
indicates that the -Mdmattriioxm apr ddvAipd eisn htihgeh el C
composites can resi st higher stress along t
increase of YM and UT&f cextdapbgdrogegnbleorads
t h-€=0 &Hd group#M ahdPRE@fgroups of HAp mol ecul e

confirmeedethdw!| Z2ndatZhEaangvor k eomf BAped pol y (Il ac

pol yami®de 'B®wever, the maximum strain does
adding HAp. It is |l argely due to that HAp, a
the composite Iis mainly dominated bgsthhbi &l e

reinforcement unable to contribute much to
crystalline strucctoumper,e sshieort omrposd rtteiseds amd u | ¢

149 which are yet to be examined in the futur



FigaTeSEM i maeges tdfonarlo s, e @8)-M{PCAHApPRCIa-) PCL

20HApPp, -MBOPBP (magnificatiem) 10000x, sc

Alflouypes of sampl es wesectciuanalo 4dr(raag@ F3ehM iirm
show that along with the incmeased samalet paf
can be founxd iwlirt¢Hnee fmaetnrhianced t he YIVheand U
di stribution of PBMAOpApt iteMr3 BaRI@Eh own rel at i v
homogesnttmiusHowse v ar cHAgaanmi tci,cl es h avdeu ec htaor gtehde i
i oni c natewrud,t ewdhischh grhelyyish g §lreagkatieedven wi t h

hel pl of astomi miax or

3. 4Mi2cr ostructures of 3D Printe



Fig2a8e3D printed scaffolds with different
hydroxyapatiteb50cho@cenwwr@4idAg, Oal | with 1.5

HAp except sampkm 0), scale bar 5

PCM without any hydroxyppanted BdDestmotctsheuv

printing can stil!| be recogni sed. From 10 wt
be observed as partially mergedfiptonthegbbs
i mproved. When the concentration reaches 50
printed two | ayers can be better distingui st

shows a proximity loifnetshe Tvhiidt hs hooful gt rbaei gah tr €
amount of hydroxyapatitel!?*ewtdHi o goadoai hgrek

inkds ability to maintain its configuration



into each other. Additionally, more particul

the surface roughness could be increased alo

Additionall vy, during 3D printing, the press:
amount of HAp dopant . Particularly when the
temperature (30 AC) were both neededl kot hée

extrusion speedb@0. ehinr/ sa)s cdwel dnreost used f ol

(0.8 mm/ s). This should be a result of incre
HAp ddp*amtowever, as this 3D printer was dri
whil e being used, the air was gradually <co
(maximum 100 psi) went down wuntil it afnkl |l to
back to 100 psi. Thus, an over 60 psi press:t
the ink and the printing performance and str
this issue, more silica ddobpeanuts,e d awhheenr htihgahn ¢

of HAp to be added, whi ch hdowlid gp cesfsiebclty thor i

| ower pressure could be required.

Among all 3D priib5n0 ewt % tG4u csthuave spr e3f0er abl e pr
30 wt% C4 required | owest printing conditio
scaffolds for a biocompatibility assay.

3. 4Bi3accompatibility



Figa9 el

mages
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After 1 week, <cells can beFiobHpser viecldg ufnidlem g
with elongated feature and fibroblast morphoc
cells have been successfulllyResadedi onasbayf
samples can also confirm that significant g
filAmsgux eB3® HAp reinforced samples do- not s
M. Additionally, the media did not become cl
dead cell s but remai néld aode &@rCLV Md HA@t ismgnpt
cybwetc. According to the images, the cell s t
films rather triedarfiigu.r ehlRi9g ewodunlad @ conseque
di fference between the top and edge surfaces
surface of glass slides actually I imited the
the edge ameadaedasshnoeh lkll owed the protrusi on
roughness, which is preferabdeStioh pbkehomehna
be further investigated by curing samples on
protrude on surfaces with different degrees
cells could be culaufedt lbenr teéewxemsleorseurtfhaec eis n i

reinforcement in a polymer matri x.

yp



ns

|
K % ¥
|
*
ns ‘
]
* %k k
r 1
| sk ok ok ok k
-y -y ‘ ns | Bl Scaffolds
40000 - | . % l*** ns  ns — TCP (cells + media, no
2 i scaffolds)
2]
$ 30000- mm NC (scaffolds + media,
}= no cells)
b *kk
3 20000 p<0.001
§ * 0.002=p<0.033
e i n=3
5 10000
2
T
0-

N A N A N A
PP PP PP

Fi gBteResazurin assay results (Day hle, 341, an

printed scaffolds (C4 HAp )



Fi gB2eConfocal mi croscope i mages of Y201 cel

PCM) .

Af ter conf i r mivh gmatthra tx -Méahieldh pP@CUOo Mposi tes di d
cytotoxicity and all owddC4e( 30 gwio%) hsc 8Df @l d
further cell work. The resazurin asoay trhesul
3D printdd osgrc fafyo(Ilkidgou.rbeAn3dl7)t he cel |l s under c

al so exhibit el ongated shapes O©0Ri glthreeTdea) f ¢

scaffold all ows cell proliferation but exhib
the films on Day res(ceampari eid etns itttye off| raCP or
could possibly lead to this result, such as

since hydroxyapatite additives would nor mall
t hus icredrle sas’d ashmeate chbempobsi yi oihnst dshteied adt e

to analyse this phenomenon, such as hydrophi



3. 4Wedt.t abi |l ity

PCL-M
=3 PCL-M/Silica
mm PCL-M/IN
v PCL-MIC4
** p<0.001
** 0.001=p<0.002
* 0.002=:p<0.033
n=5

-
I
-]

-
2
S

Water contact angle (°)
o
=]

Water contact angle (%)
Water contact angle (°)

Fi gB3eWater contact angles of different ¢ty
di f feaoremdansof aad@wei gks percei)adgel/Laghi nat P
(dotted yalOl. dwd ddI0o0 £H) . Wb %i LARCM/ bl ue:adpl ot s)
1Qvt %9 30 wbH %D adHAPP CIM/ C4l-bBashed hédddud@vtphoot s)

30 wb %Wt % substituted C4 HAPp

The wettability test shows that al/l sampl es
indicates that the hydrophilic feature has r

dopant s, and tshuatt atbHey fohowlid I magi cal applic

amount of silical/ HAp (N)/ HAp (C4) has not b
angl e. This should be | argely due to that t
roughnessj swhi mited by the glass slidebds surt

PCE/l'ica sa-MpNesampCks do not exhi bit signi
angles as -MECH, sbaws PE€Lgnificantly increasec
from a different average particle size that

mor phol ogy, such as roughness, along with th

yy



contact angle slightly but significantly i nc¢
silica particles could dominate the hydroph
potential explanation for celdnmulvahi akktti vern ¢
be higher surface area and surface roughnes
activity than that on films. As suethhi nhnyidnrgo p
the orgdn% avomdtdr ibe preferable to be added to

i mproved bi ocompati kil iG@Gdy . .wolHd&weovner ¢ o ngpaasrhitsi o |

di spersity of hydrophilic and hydrophobic si
demonstrated that hydrophilic silica is mor
hydrophobi c si |riecah owooug edn chuasv ed ias tntoi B Ut iSmn i n

adding hydrophi-MilKdApsidom@osiintteos RWdwmiod e h e a d

mi xture which woul & hbeme fnigt sloe g sh aftr arm grh gairt
printing or c¢clogging printingtrteaptsmefnrte g useuncthl
pl asma t¥ewomkedtbe a preferable metMhonédttro xi m

thus increase the compositesd biocompatibild@i

y @



3. 4Dégr adabil ity

150

g
2
= 100
.E \
e 50 \‘—-ﬂ_ xx
-y
g I Kk
0 T T T T | xx
Day 0 Day5 Day10 Day15 |
kkk
ns ns ns * %k ns ‘ ko Ak k% ‘
L [ [
150 ns ns ns ns 1505 ns T Kk EE PCL-M
g ns’—‘ ns ns *%k § ns ok A xk ok PCL-M-10HAp
=) M o (I
£ 100- ) H £ 100- ﬂ BE PCL-M-20HAp
© T ® = B PCL-M-30HAp
£ 1 L £ I T
2 ] g ] e
= 50 £ 50 % 520,001
= ] > |
(] Q
2 2
0 0 T T

T T T T T T
Day 0 Day 5 Day10 Day 15 Day 0 Day 5 Day 10 Day 15

Fi g3i4 eAccel erated -Megmnd&MRBAD nc orhp °PLiLt es (15

NaOH solution).

The results of accel @46dtoevd tdeadr aaddt iscanmpil re sF
degradation in 3 M NaOH after 15 daysav From
and -MCHAp samples did not show significant ¢
more obviouacowueiirgnhd dmssamples doped with H:
trend of degradation. HAp, as a ceramic powt
the composites, -ahdcwabherpmodedudepsDE pertlo
bonds. Furthermore, on DBDM30OHAp hdae trleesidiugh
and -AMCDHAad the Aowedxet rema.itpengeafea@y@L

l10HA howed significant -Mi20HAEANRBOME80WAPhobhoDhAY
dn



15During degrMdmadatiwor,k PiCals broken into degr acf
|l eaving HAp structure in the sample so that

samples doped with more HAp showed hegher

degradabi-Mi HAp oWwi tPICLsi | i ca dopant has not be
used in this work is hydrophobi c, a | ower d
silica would be a feasi blocf atphpease ccho mmpo saidtj auss.

Guet.dalscovered that doping Sr in HAp 6ul d I

Thus, a different degradation rate &auld b
substituted HApPp, which would be another pot
pol ymer matrix. Furthermore, it wwalldd bker i mg

an effect on theM dnedmadckalriolmptoy i dfesPCL

3. %8%0ncl usi ons

Phot ocurMbwiet PCA9 % met hacr wliaat rrdgamegnci anng bree ascyt
foll owed by methacrylation for 20 hours. HA
ul ti mate tensi |-M nsattrreinxg,t hwhtioc ht hceo WL make t hi

candi date for some has doduissebwen eesn g i Avheogaoncaug ,e «

PCM reinforced by nor mal andSrsudbshstiut etdi of
bi ocompati bl e. However, a very | ow amount of
effect on the suafffaeccet cbhieond csMpr agtnidbtVP & & py . PC
composites are al/l degradable. The degradat.
of hydroxyapatites, but the amount of doped
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4.Synthesisarmf POMul Aiccany | a
Al t er Maett ihvwaea and Expl or

Applications

4. Lntroducti on

As an-appPrAoved mat eri al for clinical us e, P
promising materi al for biomedical restear ch
Researchers have been woRg&L nags oan pfhuattchceur af bulr

t hatr é@sghuti on and highly customised 3D stru

for biomedical applicati od’s, such as tissue
To acquicrue aph et oroperties, acrylation and r
approaches. Previouslryn PEgdt hawrey lbaeteend sdicared

Fi eltdaald. itk iachiot h of which -sbhowbd|l exgebhdnta
|l i plased additi ve. Mdowdwert urdmeg t o hysaerdconj u
its neighbouring C=C group, t-ahrem nRQ Lh amolyd au
should be more stableThhan weryghat dhageowmp sh
acrylates, which do not have tddadirmaetttyylbugr
photosensitivity to have witdwpbbeonppobgahmetl i
(2PP) t o fhabgrhi craetseo luulttiroan structures, which

hyperfine structures such as bitd®hedi cal micr



Additionally, we explore the hydrophilic/ hyd
observed d@tn @do hsntsuodny whi ch menti onarmhBCL dur
acrylate, a thick emulsified | ayer formed be
was stable and could hasmpeled Cedfephiugtaéd d owic
t hat t-hemmBCLiIi acryl ate could potentially be
Therefore, we exploredfirebeepmampsli dihédt yomd u s

and Wwatserd 3D printing resins.

Il n this work, we -aarenp oPQL tahcehk ysigantee e(sPcCaL B &t 4 r i
( SE) and comparison with conventional met h
properties-AofmfmathairdikalPCdr e i nvestigatvadel An i1
culture was calrased aoddi tainvdei bhoibaghhutfsh emtgd rei a g d
t wohoton polymerisation (1PP and 2PRb6sespet

potential of structuring.

4. PMlat eri al s

PentaerOctalpriot alct-enhbyl hem@hbpt2, acryloyl chl
( BN) CelitekE Hyfl o, -damey hyktammniodpyr(iAddi)ne 4

Di phenwlr(i2ne4 ,h6éy | benz oyih)y @ h-Zrxgythh ynlep r coxpii dep/h2 n o n

(photoinitiator, Pl1) , and tetrazine were ptl
(DCM), acetone, methanol, ethanol , diisaonp meaepan
( EDA) , sodium chloride (NacCl), sodium hydro
potassium £&Y bomytde o¢ Kl ori c acid (HCI, 37 %

(MggO were purchased fromMmPDifies el a 8 Lnioeprrtoip



ethylcarbodiimide hydrochloride (EDCHKBCI) W .

cells and resazurin sodium salt were purchas

4 . Blet hods

4. 3. Ac.ryl atiwvwiaomrnv elh@L onal Met h

To synthesise RQLitaher wlomtveent PG all way, we
modi fi edetds@hmtsiéhd Guar MClp r-peo | y(me r mo,l wehgi.c)h was
synt hesised by using. l®ahse mmext ehd dwiitnh SCM i (oln: 2,

necked round bolNt & mMbhskqgq. TheasEadded into

system was kept running in an ice bath with
component was wel |l mi xed in the solution, AC
as a so|luwieoh, (a8 added dropwi se. The reac
hours in dark condition and allowed to raise
and cloudy. Subsequently, the solution was f
particles, washed by KOH solution (3 wt%) anc
dr ivedg SsO0 filtered, and dried again under vac
as the final prAeAdCuct, named as PCL

A proposed alternativ-A was hodr tioedsynttheass a
protocol descr i bléBd ibeyf | §Gal Qaearse sMlainkgi sed in th
repl eNcemskEtt he aci d aX&ortbhlreirs mrA@acti dmolnmp K per
the same ratio of &gNeamearhtosd satnadt emd tihn stahmee AcQ/i

ice bath, continuous nitrogen inlet, dark <co

Pp



poptocessed through exactly the gshNmeetshod.s A

colourless and transparent resin-Avls obtaine

4. 3. AZryl ativitatemg | PCLh Esteri fi

|l nspilktetdedryalwe slightly optimised Steglich |
1Y at her dikagmc I MhN'xyl carbodiimide (DCC) which
and Stegl iboretaski oo eswmod ke coupling agent due
correspemdoidugctbywr eads bét?t.e'rB essoil duebsi,| iDMWARA na n
acid aresal $%'l &heeefore, in theory, a clean

after being puriffdarewarbds watienrg vaa shirmg .g ht

Briefly, PCL (1 mol eq.) wasedcikedolrwadd bodCI
Then EDCLHCI (6 mol eqg.), was added and the
(0.1 mol eq.) was added as thetltawiatlty sd on tTihn
stirring and nitrogen fl ow. Later, AA (6 mol
solution dropwise from a dropping funnel . Th

dark condition for 18 rhmoamst empleradtl owed t o r

The solution was then washed bayregaparated ¢

remove DCM as much as possible. Afterwards,
precipitations inside. Acetone was used to d
final product . The sol ewmipomawesd. thbe fihaéer
colourless and transfarent feature, named as

4. 3.Db-gone Samples and Fil ms F:

dc



The finalA wasi bl R@QUMed with PI (5 wt %) for at
di stribution. Then the resin was | oaded to a
t he di meenda osingned and forged i n c20:nPp0liza.n cleh ev
samples were then cured under UV Il amp (Omni

parts at thhenendasmmlfesdowere cut off for a pr

For the film sampheof ohe desphebl ended with
a glass slide and covered gently by a covers
Unt i | the coverslip was fulwas cowregd durbdert hi

(Omni Cure S2000) for 5 min each side and t he

slide and coverslip carefully.

Al | s ampabeosv estvaetreed washed i n methanol to rem
the surface. However, a slightly tacky surf:
assumed to be result of oxygen inhibition wl

bader e8i nsurther char-BEtTtRricesafiomebdyt ATR phe
cured sampl es. This could provide an opport
designed functionality. Ther eeftar@d, warkur foaae
the unreacted T=@ron ftlhyg <EWDAf avcaes di | ut ed i n
samples were immersed in3%hsubodédaqueéeminl yf,ort hae

taken out, washed in pure methanol for 2 tin

4. 3.V scosity Characterisation

Vi scosi tAy amfd PCE€Is correspordigmg wat eossahuat ir @
in Sectiwan d4adrbpd out by using TA instrume

25AC, ramping shear rate: 0.01 Hz to 100 Hz)
T



4. 3 . Additive ManlafPact uri ng

Start

o

focusing Cycle number
N=0

Load Pattern 1

Stay 10 s

T

| I

Load Pattern 2

Cycle number
N=N+1

Fi gB5Ld ghhatsed additive pmManwAfaidh dws ég of PC
stereol i tthp gbhraapehd sretUV LED and DMD. B) FIl ow

for building wood pile structures di

Li ghhatsed additive manuf activrownge wa\d LpED f 0T me
M405LP1, wavelength: 405 nm) al3dB&d)i .t i Vhei smaswywdt
worked on a programmable digital mi cromirraQ
Il nstruments |I|Inc.), on which the o6|]] 6 and

programmed cycl e f or TLHe yscelceo nwdass fporro der@acnimepda t

times 3B) gulfbere was a substrate co3nBnected

py



Thor | ad»si ® netZaBg,e cTnlt r ol |-cka :s e&firthwo | adrst ralt!] er
was programmed tOo. Onbo vidndvsg.ht i salblt geawas contr
DC2200. Uv | ight emitted from the | ight sou
di spl ayed on the screen of DMD. Then the 6pa
on the substrsdtag.e Iwnist iaaljluys,t etdhecareful ly to
precisely focused on the substrate. Subseque
(Fi gBne of which the height was adjusted cal
3B)t o make sure that the upper surface of the
Once the UV was turned on, the programmes of
on the controlling computer. Thseulfsatbrratcea tceadr ¢

and washed by | PA.

4. 3./dditive MamnRaPfPact uri ng

Due to the potenti-mlalhdmdr wietalcttitve tlyi gl drCdar
photon coufdebradditawf2amR nwd iarcd uwh mgc PE&E i de |
as a potenti al intriguing fabrication route
Jurga Jergovaite and Prof Mangirdas Malinaus
Lithuania) ohyt ampl ey p-ef) b tnb eihtovtbouni lltaser dir e
seutp, of which the structur3é dmd-ukhiights¥elo KGw
| aser source was deployed (PHAROS Femtoseco

whi chagedeB8B00 fs pulsed |l aser with a 1030 nnm

¢ b



provi ded

laser with

Pharos:
specifications shown above

source

PP2: phase plate mounted in an
attenuator

11 HGS: second harmonic branch

T: telescope expanding laser’s
diameter

4F: lens system

CMOS: monitoring camera

by

Prof

Yb:KGW
1030 nm
1 kHz -200 kHz
300 fs

PS1 & 2: coarse (1) and precise
(2) power control stage

G1 — G4: glass plates

RM: removable mirrors

GS: galvanometric scanner

L: lenses

Obj: objective lens
MPlan N 10x/0.25NA

Olympus

Fi g3 eSchemb2ePiPcugmeitaehnothel(@dmws i

alos WBr k

Man

Mangirdas

PP1:
plate

manually rotatable phase
M: mirrors

SHC: second harmonic crystal

RPM: removable power meter

DM: dichroic mirror

LED: LED light source for

sample illumination

gur e

Mal i naus keats 6

was Kk

res:



Fig3reLattice structure used for 2PP (
www. t hingiverse.com/thi ngGS2A7 88 101, 7 ,c rveiattho rl:i cRe

(AnUkbemann) ).

Af ter i oint i PAdlwitr hadlts P | it was found that
could be built successfully. After optimisir
mW to fabricate a |l attice structm/ree wsheonvnmh o n

to fabricate the structure to acquire the f

then carefully rinsed-Abhy I PA to remove resid

4 . 3 .Slu.r f afcrteaen tEc-me mpl anhed Por ous

PCIA behaved as a surfactant and showed stror
proct€&€ssA trial -Aoft ousfianbgr i RfQliee smefmst@womed por
materi al was carried owtt.. @Br ipefolty,coby preolfloo

met haclPylDadehgaRPE€L5 wt % of Pl was added into

MM



toluene + 0.24 g chloroform) in a closed EP/
mi xed at 300 rpm for 5 min to ensure homogen
di fferent types of added aquewasephabdaCl Sabsk
(2.5, 5, 7.5, and 10 wt %) were | oaded into
agueous phases were added dropwise into the
mi xXtures were kept staque anws apgh a3s0e0s rwperm ew hbi el
mi xtures were | eft being stirred for a furth
removed from stirring and left still for 2 h
phase sepaardaetdi otno waassylroo nge and cured under
5 min each side). Then, the sample was withc
and deionised water successively to remove r
emulnsempl ated mater-28l A@as ien eide { €Edeavheards Mo d

Freeze Dryer) overnight.

4. 3.Ch.aracterisation

4. 3.8hdmi cal Structures

Chemical -at muCUtArAeCE CHREL. P Clwer e c hwiPa ot emi s e
Nucl ear Magnetic ResonhnNMR,( NBMRI)K eSrp eAv)rld s Ad @
Spectra analysed on Mestre-Nouvuai eAttenaunafedm
spectros-Ed0pR, (AMBr mo Sci elnRk iSfpiecc tNiocnoelteetr ,3 80 ¢
4000'tom630 64m scans) was used to characteris

surface treatment of film sampl es.

M H



4. 3.8VRVis Spectroscopy

UV/ Vis Spectroscopy was performed to explore
PCA-AC andA.PCEhi maZdbADO-VWY spectrophotometer w
characterisation. Il ndi vidually, 2 rexitms ewer
(1:1, wv:v) with a concentration 0.033 g/ ml

spectrometer along with the pure solvent mi )

subtracted automatically by806Genmowavel enggt
was selected for the scanning. The wavel eng:
2020.

4. 3.Bemldsile Testing

Tensile testing was per fdovr mei d ho na Meecnnse soinn sMu

The data was analysed in OriginPro 2020. Nin

4. 3.8eH4l Viability Assay
Film samples were further washed i n3t70nset ha
to remove the residual et hafddl .wak scpheocsiefni cf otr

culture on the films sampl A.t ®naPdDags O,t Heé 0WIC

20L edroplet) were seeded tomrdadeididmsi nmnauleatc

initially. Triplicate samples were cultured
contr ol (media onilry)an Ciehd sbateore crudemnur 2d
1, 4, and 7 respectively, resazurin assay W:

spectrofl uor omeftkEeK I[I(nFsLtXr8WOMentBi owas used t o

MO0



fluorescence. On day 7, the dead/ alive stat.!

(Zeiss LSMB80O0OwAmRmd wede)d.p hDPaatda Pri sm and | mag:

4. 3. BRc el erated Degradati on

PCIA samples wershaperded aanpl dissé¢ n a PDMS moul
thickness 3 mm) and weighed as 0.1 g approxi
into bijous with 2 ml NaOH (1 M) dieng reaadcaht itom
Al | the empty bijous were owelAffhed befageh an
samples without NaOH solution, they were wei
wi. Thus, the initial sa-mpl.enTwieeh g hs a wplses ewe®r
with NaOH solution and | eft with caps seal ed
was removed carefully by a pipette gun, and
rinsed with deioni swdswhhen. difbBposedsi Rgl Wam
|l eftover solid parts were dried in a warm va
individual |l y,o,wemrcdrdedoms Whus, the weight o

each houdedasw®) ¢ w@iv, s-vgv, and so on.

4. Results and Discussi on

4. 4 Clompari som &fyntPivdsBiistdder en

Met hods

Man



| 4 A N | e A ™
o 0
. a’ d b 3 ] a’ M/b\/o f
~ ~
o o @ C a nH S o e C ai i\\”/\g
(o] (o] (o]
FI{ PCL | PCL-A
C
b+d
CHCI, a , e .
I ol
fenh PCL-A-AC
PCL-A-K
TV I TR Y |
1 W PCL-A

r T T T T T T T
5 7.0 6.5 6.0 55 5.0 45 4.0 3.5
f1 (ppm)

Fi g8 eChemical struct vAr gsB)ofwi RAL p(rA)tBan & i R @L
NMR spect(-ar oof P @OUpyrneeRAGAC( resin syAChEisi sed
PCA-K(resin syntkKnG®, senddA (R @&ls A€/ synt, hevwhiexed aM il

peaks are | abelled according to the proton

From the sp2gtirta i &Fligarethat the intensity
a series of peaks f, ,gespa,dtatveatoxxT.ud8,r ed6.oh 4
of RAAILC , -REK L andA, PGhi ch confirms that acry

successfully introduvieadtl om& hotds PCL mol ecul

Mp



After acrylation, the chemical environment o
sidaée To calculate the degree of acrylation,

number of converted carbon atoms directly coc¢
acrylate groups, on each of whi chh, tehgeurael sarteo
number of converted carbons, we can have t h
And we can have-comeenumdercaobononCOhRs, astil
( 4X) , where there are 2 psoadohsne&incel aheoil

number of protons, we can have an equation a

N ¢t &

Haea aw 2T pr
And the degree of acrylation is follows:
@
-7 pmmh PP
From t heamalftsvias,e we can have the it eegreal r

0.13/0.53, 0.19/0.-BRAC, alk®@Il. Oan&/ PEERe oar v PICY.

can have etdheag ecsalldwl :ssthown i n Tabl e

MacC



Tabel eCal cul ated results of acryl ate

Name X d
PCHA-AC 2.92 73 %

P CHA-K 1.19 29. 8%
P C4A 32 80 %

Thus, the degr e A-AcCH, aPc®Ly laant-éi oBnC ko f7 3P L 29 . 8 %,

respectively.

Acr ylvaifaC bhsBEt met hod provides relatively high <c

SE method.vipaatr gésatumncar bonate method result

conversion due to its poor solubility in or
acrylation is 29.8%, it indicates that there
4-arm PCL mol ecules averagely, which means af
chemically crosslinked network, which nor mal
mol ecul e. However, under t her yslaanietabrnd eecatdiso nt ot
decent degree of acrylation 80 %. 't i ndicate

introduced onto each PCL mol ecul es on aver a

crosslinked structure can be expected.

MNIT



UV/Vis Spectroscopy

@™

=
o

—— PCL-A-AC|
——PCLA |

o
o

337 nm

Absorbance (a.u.)
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o o o (=}
L ! 1 !

o
1

o
o
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e
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Wavelength (nm)

N
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Fi g3®eA) Colour dif-A-A€CeandA.BeEB)weleVW VRGL spectr
PCL acv iywhathesmet hods, where there is tall an

of RA@QIC but only a much weaker peAk can be

From t kef rg¥uVis &pagatrjeo BSOd@Bpyar-Adsyot P€E&i sed

SE, t hec oyreeldl osvamp | e vistyma h &NE I Seadws a much st

absorbance between 300 nm and 500 nm, which
i mpurity. Unfortunately, t his i s al so with
wavel engt hs, i . e. 360 afmdhedOddmti Par maouf a
i mpact of this yellow impurity canno-UVbe i gr

and blue region of the spectrum which means

(30900 nm) will &e¢ Byrtomigs yi mpsoirtby rat her t
phopol ymeri sation. When fvim® cStoeuedbblurebofgeanp
as -pwoton 3D printing, it will Ilikely |lead t
since this yellow impurity cannot be compl

concentration and efamectbsi ocmmpabit biabisby piciac
effectively.-Al a8y ctomigsEa sperde sr@Lt s a visibly cl

ensures that the incident Il i ght can be effi

MYy



photocuring rather than any i mpurities. I f ot

resolution, a |l ight absorber, e.g., tartrazi

91

Therefore, comparedii aBodcahvennandonak AGOLEgani

SE should be the prefeharbd=i mnwei ttlo hicqlui d eeg rc



4. 4 A . sessment of Mechahi Bwll k P

Mat eri al

A Stress-Strain Curves of cured PCL-A dogbone samples
0.5 (n=9)

©
o
2

[72]

7]

o
n

12

B

8- 0.5- 10+
©

o

= _ | 0.4 ~ 87
» 8 &

=

S 0.34 £ 6
3 4- £

= 0.2 P 4
0

© 2 =

5 0.1 2
o

>

0- 0.0- 0

Fi gaa0eTensi |l e tceusrPeldiAg dlogeal sampfes -¢nhr es9) .
curves. B) MechaA: cYad u npgrbéosp eMotdiuelsu sP QLYM) 6. 27

strength (UTS) 0.44 MPa, and max strai



After analysing teAsidlmbgneée esamp pee eYpogensgsdrst P C
Modul us (YM) 6. 27 MPa and wultimate tensile
properties can be regarded as el astic. Comp
nerve which has YM 91!%% ®mEBhAs haonwis UpToSt e3n.t9 aMP at o
soft tissue engineering applications. Howeve

8% 10% approxi mately, whi ch ciur&@#¥as ,ecsh tlhew b

stiffness could be a result of |l ow crossili
photocuring process, which usulmdd gd hragppiemss
presence*HfToxryggeence the influence of oxygen
suggest ed, such as curinegnermderl i ikt rcdhhgeem ,st p-

chemical nfoudri tf hi ecrantdi roeg.u IPCLhave better mechan
broader range of applications if the oxygen
M of the same molecul a-M/ RE€ELgbbmMPdgbDs eAtdss &¥dr k n
(6 MPaxamptely) isMabovM (hh3 fMPd @PELhr oxi mat el
| ower-l cnkssg density. Generally, oxygen inhi
during curing acrylates than met hachriyglhatres
solubility in acrylates | eadi!fy atnod as estornar g
abstractable terti-@HgnhygdG=bgmank ersatahcerry Itahtaend se
stable and easier to be attacked by oxygen p

an terminati dh®.t'd°crosslinking



4. 4 Photocuring and Surface Tr e

C=C stretching

———resin
cured film \\ /
treated film

A |
1664 1632 1600 858 825 792

A

Absorbance

' | ' | ' I ' I ' I
4000 3500 3000 2500 2000 1500
Wavenumber (cm™)

Fi g4t eAHRI R specArrae oif jp P(Blkiecdt irduaru hed ofriel m

t r eatrmrants p(e canrdu-tsrveraftegeqpar Eplkee)t r um



To reduce the -@mOuon tolhetDsSsaldataiéegn (10 wt % i 1
treat ment was i nPtQdd dfuiclend waos tchh adt Talcdr ebr el fsoerde ba

after this treatment.

Il n FilguAPRI4R spectra shows thatlbafctoenescididiamg
i ndi ca{Ci=rCg gtr paitps havié MHeeveveons u mesdpddk saito wi
strong iinndtiecnastiitnyg -Ct=ICa tg rtohuersd h eermm ¢ @h @gsrl o u p

coul debel t of oxygen inhibitiona Aseé¢headgih

pol ymer i satCi=cCn gproagpesss,an be triggered by Pl

presence of oxygen, the free radicals can be
free radical peroxide Wwlyimeh itsarnr miomataegs tl lkea vpe
-C=C on the surface or even inside the sampl

the spectrla fime Figue s id4t ysiodnipfeiaka nattl yl 6d5e3c r c
i ndi cates t RhCetC tugreo hawv e d b & le AN Hcgornosuupnse da nbdy E D
mol ecul es have Dbeen i nt fAo dfuiclends .t oMotrlree@mveur f
modi ficati onbenet $®d o ulkaddehaetsei vieo rseu r d alcle , S
but anedilantiteer estingly, the rapid oxygen qu
be explored for continuous Iliquid interface
oxygen gquenching effect to fabricate fine

Tmb!| est dal



4. 4 As.sessment of CaAl FiVimasbi |l it

(ii) Resazurin Assay

*kk *okok

—
1500 ***’_I ns

= mm TCP
8 1 4PCL_A
‘7:3 7. Neg
g . p<0.001
8
g PR .- 7 2
3 2.7 7
: 11

I 1 1
Day1Day4Day7 Day1Day4Day7 Day1Day4Day7

Fig#a2e(i) Confocal m i-dceraods csot paei-1nbenda gNeG1s808b n | # P €
films on Day 7, where green fluorescence I
resazurin assay results show that fbom Day
from Day 4 to Day 7, a sTgrPiftcasuegrcowt hre

negativie contr ol

Resazurin (aFsisgawri en éduibit)s t hat from Day 1 to L
cel l growth but from Day 4 to Day 7, <cell s h
possible reason for t hiwse rgghielnldhmgiotoanb lies ftohrat
attacahsnem@P ch i s usually tr éAantodphoesroi Iplr ® moe &s
t hatygen inhibition during the cufLFRggppopapss
but palxgdr o¢@®)on t hel’Swhifcalcecoul d not be ove
treatamdntwoul d oXifdTlses proheigeneral environr

was trhatt pref er abl e gfroorwtche.l | attachment and



| magescofnrfoonc al yaom cD@BEichprsd on2it hat basically

films are stild]l alive and dead cel I-A cfainl nhsar d
are conducive to neuronal cell growth. I nter
wi t h ami ne srhowpd whirdher i ncrease t he ne

di fferedntriMddomdi-mgsynt WeCdit eglli ch Esterifica

considered as a promising resin for further

4. 4 L5 .gbhatsed Additive Manufactu

PCA diluted with different weight ratios of

Tab7l eWei ght ratiees of water in F
Name P C4A DI' water
P C4A-0 1 0
PCHA-2 5 1 0. 25
PCHA-50 1 0.5
PCHA-7 5 1 0.75
PCiA-100 1 1
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Direction b

Direction a Direction b

Fi g#44Ae woodpi |l e st viuwsateureeo |fiabhroigcraatpehdy. A) Ger
the wood pile structure, approximately 3 mm
under SEM (scale bar: 3 mm), where the widt
the horizontal neisst anappbhbexwean ell y 0. 4 mm, i

approximately 0.35 mm.

Before running stereolithography, to opti mis

diluti o~N tod mP&€duce its viscoAieyhimbigthed bgood



solubility. Therefore, -Avewatteesrt esdo Ituhtei ovni ss.c oAsfit
stereolithography, resi pPAsS Owiitnh4RBiigeucrgebt t y ahi ¢
water @&and OPGL 1) <could not be properly struc
overly cured polymer rather than a designed
viscosity is high, the shadewbas veboamotvye td
compensation on the taptsespindatanhbkbeaddntinm
velocity would allow the top surface to be e
cured pol ymer. But when then coMmx@®,nttrlad i pmi o
structures showed Whogbar wbriet telxememely diff
platform without bei ng-AAbDOokwhi cAhebpwawe déao

(approxi magt,elfyorl fRIAt her stereolithography.

Figasdows the woodpilevisdtreuetolne hmgmwefpdgt brye
50. The yellow colour is a result of doped t
based stereolithography. Fr odmA )t,wob odti r ewcd ri toincs
horizontally, the cubic wood pile structure
structure has been f &@Bni catoenct. cUnmdegr sIEMaCTRIs
on each | ayer of wood pile. Such curvy surf a
of resicomuwhdi oot cover the top of fabricated
downwar ds. Thus, resins with | ower viscosit!

PCA-75 an#é&-1POLto acquire higher resolution s



4. 4 .16 .gohatsed Additive Manufactu

Fi g45eSEM i mages of |l attice structures fabr

di fferent powers: A) 2nW,r eB)t i3omV¥: Cl)) 44nBWA, |

The SEM (iFmagguessh o w5} khaitg hulrtersaol uti on | attice
fabricated, where the wanted patterns with s
has also been maintained after | PA washing.

PCiA f ofrrePd 2PP structuring with a relatively
writing speed.-A Breesdidre swa ¢ inSatgengtPiCdcshi skEesdt er i f i ¢
should | eave much fewer toxic 1 mptfrrietei e2sPPi n
fabrication p-Aoceasfol t#asneei BREL wict ua es woul c
mat erials for futurrevecdeliln wohe . h dArsi zcoamt ablel yo |
l ine thickness increases with higher power

confinement, in which 2PP happens, nor mal |y

MM



delivers larger voxels dur ith®g Hfoavervies at itohne :
performance and surface chemistry Visatwk reown

ot haert characterisati#dlRechniqgues, such as

4. 4 .Stu.r f afcrteaentE-mampl ahi ng Por ou

Fabricati on

We also tested t-Aeapoaenamphiphithe €mpound

templ ating.



Fi gaBeA) Stability of emulsions |l eft stildl
dei oni sed water, 2.5 wt %, 5 wt %, 7 . 5d rwte%l, 10
PCA emu-temphated porous materi al (made wi't

bars: e, BOOarm) B2: 30





















