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A Review on the Renewable Oligomers and Monomers for Preparation of the Radiation Coatings

Sahar Abdollahi Baghban
Polymer Engineering and Color Technology Department, Amirkabir University of Technology, P. O. Box: 15875-4413, Tehran,
Iran.

Abstract

The aim of this review was to describe the variety of reactive species derived from biomass that can lead to photosensitive materials
through a photopolymerization process, a clean and quick process at room temperature without pollutant emission such as volatile organic
compounds (VOC) to make radiation cure coatings. These biosourced macromolecules can be easily modified to obtain photosensitive or
UV-reactive macromolecules. The main classes of naturally occurring molecules and macromolecules such as lipids, amino acids
(proteins), carbohydrates, polyenes, natural rubber, etc. are detailed. The ways they are extracted, modified, used or integrated in
photopolymerizable systems are described in relation to their applications: coatings, biomaterials, biodegradable drug delivery systems,
microelectronics or optoelectronics. Different methods such as acrylation by acrylic monomers and thiol-ene coupling are used to modify
these renewable feedstock use in materials. The modified renewable materials can be used in various photopolymerization such as radical,
cationic, self-initiating, thiol-ene and etc. polymerization. This critical review takes into account the characteristics and reactivity of the
various compounds as well as their cytotoxicity, biodegradability and their end uses.

Keywords
Radiation cure coatings, Renewable material, Vegetable oil, Polysaccharide, Protein.
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! Polyaddition

2 Cycloaddition
® Dendritic

* Hyperbranched

oY

VFAY /¥ 6 jlah /A ala /&3 (sLiis o Oladllas o2 9 i - sale da yedd




RUMWG Bl yinbes Aud I 123933375 b jog590 9 L )093l 3 G190

Jo

50 Do oligS (5 108 (B xe o 5l am ke sl o lo 5l JBGl
Seo e U (S, 50 (o gl yendy aT il 8 g5, Blie
009 ol cod 4l <10 3l o g ol S oo Tay anlol YL baus
u‘“‘“_{b 0)‘3 WSy‘ 6L"°°5)5 'Bl_.o..) g_i_.\)l.) ,]a.»..?uw )é QJ.:LG 6913 9
e - \ . &

63))_30»)):1_~5 )5_10 a- w‘)mj )JO [Y—\c] D9l 0
5 oad odenS il mlo (b 2l G5l 5 S5 )88 Osenlirosly

Lf00] ws 5 anlllas )] ousal ST oliie

TS E g ph 395 U 518 yosSl Y-

O FSobe g 5l (ol B STy Gk Sl lacn; ool o JSA L Billas
Lol 0325, 42 am0Lils o s 45 IS ST g0 5 o jrlgis Ly
JUsealy S 5 958 e (9955 09,5 oz o WT 288 ol s
aelol 33 5 WS oo Sbml posks 08 595 2 1) s JSe3l) S Jed
I¥] 05 0 yasly 1, 3 ST (glaog S ailysco JISual, 30 5

2l STy gl slasss (JSole i Lo JSole (20 STy
I %s slasss L el S S ol (b a8 cil (gwgodin
aa e STy et e LS Ly T (oS 5 Sy b dalegsaion
45 Sl (525 S Sy Sy eSS ) e g TE g 0
AL 3 Bme oo 51 o2l pol (T oot Lasgs b (s

! Decker
2 Self-initiating

e,

H o

OH

0
R A

[8]
R_~

aile (5351508 sl jegize 5l (2l Loo )5 (55 50 (izeen
g oo o3l o)l g Lol g (69 ool Sy ol
2695 $laoa iS58, plgie 4 po lbarnS gl sige g bl Joig
L il (b e ouS g2l 05 o0 51,8 0olitnd 0550 (951 (sl pinnns
i sl (LS L s il b 5l Lecdl ST 51
Sl STL oS gpoun 5l (L g sl (o ouSsal (s s
oolaiwl alayly -l o Cdel oS oo Jg 51 by ai] co Cawd 4y o]
6L et Al Sy L oot A Sl Jg puaddS ol wigds o0

D-F] s s Jskee

S 69 gl yordy 50 00liiwl 950 (5l yogSAI - T-Y
2o L o)ly ik D50 a1y (S5 selia ey Sl ) S
45 b Sy Sl SO L G S g iS5l a2l o
e 9 u,.)_fm J.‘.»...Sy‘ 09; L))"‘“‘S| (5““”5& e U Q}wu;c asls
JeaSgpam 09,5 Sy il LLaS3L LS Juges 1) Jb ST 40
aalol Jud Gl ST Al 32k 5l (6 ey (2STy 5 99800 S5 456

IY-F] oS oo o
05 5S oo )8 osliiul 5 50 Laaslels ] j3 a5 b el ale |
oo Pl el Jald (Sl 6 4l p slacn)) @ Gl
S e bSe nS el F Y SoladTdSin) o T s
51 #3Y-Cyracure UVR - (g,los o0 L) S 43 ,5- 5806 S0
500 SladlslSns glo S5l 51 (55l (izeen 5 (DOW 5
IV Sgm0s o)Ll cois ol o 31 Juing b aidly plist glacy s, b as

gl posls olie j3 (ol Gblse b (S98 (ygunsl i pos

[r] wlasial nts sl oy 0y b~ U

h‘. +

o]
1

c B: _H—B
R R R C R R
\“/ \”/ WR RWR
o] o © o 0 o O
2A 2B 2C

TA] USte JassTy ot -7 s

VFAY /¥ o jlack /A ala /K3y slaia jo Cladllae oo g - pals ds i

of



https://fa.wikipedia.org/wiki/%D9%88%D8%A7%DA%A9%D9%86%D8%B4_%D8%A7%D9%81%D8%B2%D8%A7%DB%8C%D8%B4%DB%8C_%D9%87%D8%B3%D8%AA%D9%87%E2%80%8C%D8%AF%D9%88%D8%B3%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%D9%88%D8%A7%DA%A9%D9%86%D8%B4_%D8%A7%D9%81%D8%B2%D8%A7%DB%8C%D8%B4%DB%8C_%D9%87%D8%B3%D8%AA%D9%87%E2%80%8C%D8%AF%D9%88%D8%B3%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%D9%88%D8%A7%DA%A9%D9%86%D8%B4_%D8%A7%D9%81%D8%B2%D8%A7%DB%8C%D8%B4%DB%8C_%D9%87%D8%B3%D8%AA%D9%87%E2%80%8C%D8%AF%D9%88%D8%B3%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D8%A8%D8%A7%D9%86%DB%8C%D9%88%D9%86
https://fa.wikipedia.org/wiki/%D9%87%D8%B3%D8%AA%D9%87_%D8%AF%D9%88%D8%B3%D8%AA
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D8%A8%D9%88%D9%86%DB%8C%D9%84
https://fa.wikipedia.org/wiki/%D9%BE%DB%8C%D9%88%D9%86%D8%AF_%DA%A9%D8%B1%D8%A8%D9%86-%DA%A9%D8%B1%D8%A8%D9%86
https://fa.wikipedia.org/wiki/%D8%B4%DB%8C%D9%85%DB%8C%D8%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7%DB%8C%DB%8C%E2%80%8C%D9%87%D8%A7
https://fa.wikipedia.org/wiki/%D8%A2%D8%B1%D8%AA%D9%88%D8%B1_%D9%85%D8%A7%DB%8C%DA%A9%D9%84

b oy i Zansl Ybu’ﬁ: 3 Ys"éﬁ Sy ol olse sandse
oS Il e sl (210 JoSee 02 @95 9 )l 9,5 JSB
5 Ol Ll 6 4t 5 s iy IS5 7 8 L easla
b e a3l 5 (sl oSl g W e yais ol e (Y JSE) sl oyl
Loy ST oSl o edly ST Ly b aglin o a5l slacdly ST
o slacadle by Y los JySge o2 50 o5 ol (0l 0 pgunye
Gl o csd (30 ol by s (sl 5515 sl b
At 3y 90 i 50 P8 gy 88 g e
(Pl 5 po— p99) (5,5 LSl Sl HAO 5 H30 H20 L o
mg £ oYY 18 Leil lawgie JouSg 008 30e i 4 45 aiiws
ool s 5 alies 00 o 4L gladl ST b g sl KOHIg
LT 59,5 o dele o5 T co Cows dy a5Ls s szl Ly (sl ylisle
eS0T Sy Ly Sblsginl (69 093952 L3 Gyl

IYOY] 5,5 0 & g0 oD Stidledl ST
Glasls sl as wen 50 olajedd sl cla ey
2 Llegi bawgs b sl (2550 slasSse oo js pogie 5o solaie
b sladsNee b anlie 1o b JsSge cpl ind (2520 VAAD Lo
5Ly sl oy aiin JT o> 5o Jolone Ygome 5 5 IS0
ST (Aat) 55 po 5 &S i o Slogl |y Aasgy it L Logas
Ples Ol pesd 4 i adiglasls axjo [Y] can¥l s asls
JUisl slns o ala 51 ot yo sl parly Sl 5 S50
G975 o Spsh a0« JeSge (5,0 (s sk Az e sl s
b sl (139381 D98 o0 s LS uss (el g (s 5,55l e
P 599 (e )3 g (J9Sge S o a3l s s sl
(s Sgrte e woyd Grlidl 4 e ( M1 a5 (slaisn
a3y sloyerl [VFNO] 008 0 008 g O ) s Canglite Lol
9 Sl Qg (b el (b il (b alex 5l egita jlms (S ST
L ol o glilimdle LB ol g aloass 5) ST Ly odla
o a8l adea sl aaslesls lss s 51 (SO ST (oS (sle pegige
IV e 08 e 5 & 551 5L, sty ST

J

PPl

TP 0 5 b oo cslapas il plocs ~F U3

2 Dendritic

% Hyperbranched
* Boltorn

® Perstorp Crop

IAYA

VLl S lSac yzum

39 5 HET 4 505 (39 dnenilol 5T g sl po gl - ¥

5 0023y9 iSl Lo pagige (sol> 1 il slaailelns 5l (goga0me slass
o aylo ) (BLal (595 SHET g cou CoblB 45 003 S (9 Sl
sl Laalals o 5l IS laidly anmgs ' (ygmisy Lawsi 5 (b
dag 00 o g 0k S pegige (e 4ot eiilr-N renlle
20 Al (5,5 55T a8 a5 ldilele (! (5 i 2iSTy aiiwn il
el oas 9055 (65905 S5l S g9l ST sl s, dgu
2 5 g a5 J jo )ls iz seglli Yo zee Job )0 aeetlle
el 1 iy Syl 55 i el YO+ 51 53 e s
35 Sl 5S4l s Sl iS5 3 25Ty i 90
@t el Sl g pap 00t pdy £95 5 9 s, g0 sladiS
I¥e A -] ol oetlls

Il s pogSl-0-Y

Sl S 5l S 5 e Al GVl (g5 pabslas—s
arysS Sy S & Jpame 0l anlys 1 1) Lo agin¥] g Lo ile S
5 S 5 (ol oy atile) s 5L Sy ol Uy (glatuns
10 Eltld dlse Bk 5 b sl 06 (1) oobigy aile) (s pagins!
s it b gy il 5] enlil b iy o 0sd (gt Sl 5l
oS sl o (515 o) (sobgr Ja sk ST 5 o) (sobigr o il (55,
L lebe wz (ST sl jegise (o938l L ) 2led olo> Olisn
SlasSl jo Lo ol 5hoslatul ols 0ge Jble wiz slo Jous
IV] 08l ade jlons Wilgs oo (SIS0 558 5 (35Sl ol

oFJaw srailobu 5o coliiw! 3590 b po oSl -#-Y

S5 b ol Bl gl poaly 9 T8 B0k 5l Gl U Sy STy
2 S5 (S50l g5 o0 Gy sl ad 50 00 g5 5l G,
5929 M, STl 1 slaggmmli pocdy S anl b ol P
slady g Lagl b Jold (Shdgs notab slagidg 2] .05l
Gl 5 G0 L T 5o (al8 el penly o8 ol leleniz
PI*) 5,55 5 3Lel JISol, Sy sboml o (bl B 55 a00 o0 )
JESesly e Jod Sl 390 iz L g adsl (g al> o 50 5 00
Mgy i JSeoly 0l 5l Gy 950 S8 R-S) s
L ol G g maz sleSon ailS Wign S g 990 o0 adlal wilSge
IV Q1Y o9 o0 sbml 0,8 a3 o

P s o sSJI-Y-Y
&0 g a5l ol poudy —V-V-Y
30 ool ol 8550 (6l posSdl L Koo (6 dlwd al 4iS 4 S b ylen

L Yuonson

FAY /¥ o lack /A ala /S0 sl ye crlallae g2 gy - sals d pedid




RUMWG Bl yinbes Aud I 123933375 b jog590 9 L )093l 3 G190

Jo

09,5 Sy ol 45 lady ST S ol b obliasg ) oS syl e
L ol oo o st 439l S5 1000 09,5 4 g bl DL S
Sblwg ) Gldpimaw Co o gl (2iSTy 0 lg Sllawg ! b
090 i3 S ls s 4 Wil s 5551,5 50 DS

DY el S5 i (5000 gy sz 4 J5Sga

2009025 51 5 Sl o oSl -

g erb Lt g0 L Sy (55, s 4335 390 Slalllas (Yl o
5 8lgme ool Sl g pdnsasd olge (Vb Cud) onims (lad (S
oty g 5 LS gt 53,00 @0 b el T 285wl Slge b (3l
3 bk lge 4 sl soal s 4 RSV P SO PR X PR TN
el 0 ool 35 el (5 ool b 4t Tn S b,
T sk 15 e 85 ol el S ST s ol yagine o3
Sy Wgd A Jlau> g (LS @lie (5 Ak 2 dlge 5l Al oo o
a4 Sl ol ol oly S s j9tS o S ol ko
So e s Bled 5 S8 S0 Lo (b dlge b p ook
5 oy 8L (b dajelsln Lo S oSl wils laosgs con
gy Sl 4 (S ey 53 5 sgazmel mlie (AL slagnsn
sladl; Guizmen 9 (Jaio SYgame (Sl lgee | 025 @l
255 gl (0 5 nlis 09z yed (092) (S

ol (il lste) by 5l Lol jydas0o8 slo yools
OlymeSs 58T GV iy (S ool S
(OIS 52 135S e ¥0,557 o Yolsy g ¢l oS el ]
S e oW sl ot e Y5 (OIS Loy
il 5 S9eSie U e pl o 5T (s Slowdly () O35 e
DAl st Lo 5 (ol o5 11

o sLa iy, o35> 55 Sixko Sy 5 Slallls saas ik
B slaogs) 4 ba e ploasand slge I Jol> sl egSl (551>
el GlopegSll a8 o p0 gd oo (LS o9 45 Sli>
2 odes jsb ay anld g 4 el la JsSUge 5 Loy 5L
LS 5 Sl wlin s 4l 2 Slse Ygana 5l 315 (S, ana;
5 Gy Sy S i 18 o0lital o9 ezl St 5| g Lovditns
oyt 5 s3] g e SNol gloalls Jolis adsl l>Nol
alie anly ;o olss (s3luoslol 5 ol 059> cnl )0 Wigd oo B pan
o bl laglarerd a2l 00 5555 5 (S 2L 5 Sl
3 bogie wilgs oo a5 ol @la 8, Sgme 32 oS5 (585, J

! Biosource-based materials

2 petrochemicalbased materials
% Epichlorohydrin

* Acrylonitrile

® Green polyethylene
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1 Glycerides

12 Triacylglycerols
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%8 Ricinoleic acid
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20 Keto (0x0)

2! Hydroformylation
22 Thiol-ene reaction
2 gelective oxidation
2 photooxidation
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! Enzymatic degradation of starch

2 Succinic acid

% Glycolic acid

* Volatile organic compounds (V.0.C.)
® Unsaponifiable

6 Saponifiable

" Terpenes

8 Steroids

® Fatty acids
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® Conjugated diene
10 Maleimide

1 (meth)acrylate
12 Vinyl ether

13 Norbornene

14 samuelson

15 Bexell
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2 Hydroperoxidation

% Crosslinking

# Zirconium octoates

® Klaasen

& vanadylbipyridyl

" Thiol-ene coupling (TEC)
® Hoyle
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% Methylene bis(4-phenylisocyanate) (MDI)

* Toluene diisocyanate (TDI)

® Hyperbranched hydroxyl-terminated polyester
® Chia-Wei Chang, Kun-Tsung Lu

" Shadow zones
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8 Trommsdorff effect

® 1,3-glycerol dimethacrylate (GDM)
10 Glycerol trimethacrylate (GTM)
1 polysaccharides

12 Starch

13 Cellulose

14 Oligosaccharides

15 Sucrose maltose and fructose).
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! Trans esterification

2 Glycerin carbonate acrylate

% Glycerin carbonate methacrylate

* 5-membered ring cyclic acetalglycerin acrylate (5-CAGA)
® 6-membered ring cyclic acetalglycerin acrylate (6-CAGA)
® Cyclic carbonate carbamateacrylate (CCCA)
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* Drug delivery
® Encapsulation
® Tissue engineering
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! Homopolysaccharides
2 Heteropolysaccharides
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11 Alginate

12 Cellulose

13 trimethylamine

4 acryloyl chloride

15 2_aminoethyl methacrylate

16 2-isocyanatoethylmethacrylate
Y N-methylolacrylamide

'8 i and Zhang

19 Acryloyl chloride

20 7witterionic acrylate-based monomer
2L Swelling

22 Granat

2 Ethyl cellulose
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! Chitosan

2 Hyaluronic acid
% Chondroitin

* Cartilage

® Dextran

® Dextranase

" Hydrogels

& Heparin

® Dextran

19 Hyaluronan
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* Diazonium functional group as photosensitive crosslinker
® Heparin
® Alginic acid sodium salt
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2 Ethylene glycol acrylate methacrylate

NH, o
OH OH
o)
|
| oot
Al Sl
OH ~©
NH

0
HO_ 2
S
o) o 0 0
(o] o o) [e] o
o)
0 = Qo -0
NH OH
O L o= I 0=$-0"
0=8-0 0=S-0 >
1] 1 0
o) o)
N,* N,*
NH

L NH HN
N,* N,*
coo”
e HO, 0 C00"
HO OH - OH
g (0] : ;
- 0© o |°
0" OH HO 0) coo'HO OH

(5 o:IS—o‘ (')
o 0
Rl 598 b HH HN
NS S ey By |

HO_ 0
o’s‘:
_. 0 (0] i
n
o ) Bo o 0r
0 NH OH
b-s-0 | 0=S=0

L NH Hé\lP al
(0] 0]
cooo O HO 0
HO L OH o< oH
0 9 :
Wkr o o |°
O” OH HO o co0 HO OH

b T, ol SIS SICE) o] 590 Sl b 50 5,55 STET 3y AR 55 Sl Co e gy BT il an (8- )2 USS
[AT] -diazoniumdiphenyl amine ,al fLwsr low 510

VFAY /¥ o jlack /A ala /K3y slaia jo Cladllae oo g - pals ds i

A




[AF] oS Jo 055 L

b iy p -Y-Y
ighe ST Gty sladiny @dly o g basslanl 5 lagas
55 45 sl NHp-CRH-COOH ol (sloigusl ooliarss sl
£5 Y+ 55 ol 5l econl R Giliizee 09,5 £55 ¥+ Lagos ety
Consl 55 Ao a9 2 pmten 5| (52 000 9929 alises arpel
@ oY) el a8 D0 (] pad M Se SNl oS
Ko e Lo o g cubsF plio ily Jpame olsie
Sl oeFan oY) Sediee a5 Lis yo Jle o o5 TVO.
s dlST Sl USs 5 o)l 1) 5 JeSas cobls a5 ol
3 ey b Wlgie (ST e g 5 & a0 el PN
wsls | ool oo wiz 5l 2 U Jle poiz o I 0
5055 505 b g) Sipgr st 5 05 o (g Ll Y5 il
5 Cenles & Lol (Y5 el oois 5 sz «Bliad (lgS b
Spdion i o3 4 oD sl o5 Gl oy il Cend
sl a1 pie o5 (S5 5| sge o o JoUge 090 slaisey

JAV] wigs oo Sty cXigids oo e jlo LS Lo

% Intermolecular and intramolecular bonds
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® Tensile strength

10 Elongation at break
11 Water uptake

12 Softening point
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! Three dimentional tissue
2 Proline

% Hydroxyproline

* Glycine

® Glutamic acid

& Alanine

" Arginine

8 Aspartic acid
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% Natural Rubbers
4 Epoxidized polyisoprene (EPI)
° Amylene
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! Methacrylamide-modified gelatin
2 trimethylol propane trimethacrylate (TMPTMA)

VFAY /¥ 6 jlah /A ala /&3 (sLiis o Oladllas o2 9 i - sale da yedd




RUMWG Bl yinbes Aud I 123933375 b jog590 9 L )093l 3 G190

Jo

PBS, 50 °C

hv

(ii)

Initiator

Propagation

R-f\‘

.
'

[getatin | [ gelatin |
| pr || gﬂi'““f .

R M
P ¥ 0 ‘\COON
| RGD
HN? " NH,
HN"S0 N HN“S0 HNTTO

--

)
T
ST
=]
=2
r
b
=]
o
kssscsnszm
X
o,
e -
=
3
2

I gelatin H gelatin‘ [gelaun ngiatin }

R
it
HN O HN" "0

'
P H
" P
. P
] ’
"

[ ga;atin I ‘ gelatin |

L91] SO5T s st 5 50,5 o 51,153 ) I

=

il rosise pliand JLZlo ~TT S

Slge ly hole 5oy ¥ oylane &1 pigmazi gloJeSge v/

RomU
E9 sheS 5,002 09,5 wiile (olB ale slrog S o JsSUge ol 5o
A ls |y aslEgs wem 4 hos C LB a5 wiyls 0929 pgo 9 o
509 digh Jrale jog Sl aiay ay (ujb o wiiliee S)le
Bl S e D50 Lidl Sile slaos S (55, 2 45 a5

VFAY /¥ o jlack /A ala /K3y slaia jo Cladllae oo g - pals ds i

WL S Eeaglio aile gt oles (NR) ans Sl
WS ie Jolae jo Lol el 4y 15 9 jadio by 4y Cueglie «(g s Bllas]
oS Ceaglia 5 Lo 5> Llis ;5 o8 Cenglin cpmly dlad 4 Cenglin Jio
‘_g‘).) NR C)La‘ 9, U"H ‘é)lé.i A.Ll.d.o ‘s’l)‘y wL,.SI 9 u).w.fl )_,‘)_, 9

[¥oar af] coul a3 15 ax g 8,00 Jlons OIS ol &8,

\Al




&5 aomis - ¥
ez pan 25Ty sladisS eloil g b odly (Byme i ol 5l Baa
A ailg oo DS 5 ol aS 09 Wodgd Gyl oad Gl ye8 4

Uil 9 g g el ] B A5 (6588 (gl yordy T8 Aliass
Gy Ol 59 0 oy «el (VOC) 1,8 JT 0l 5 asile ooy V1
Sl o sl lasl ool ¢ 5155 ol o aisd 2ol iy STy 4

asle b sl onls cpl (Jol lgil s 5 als Byme b
S oyl dacljaims S dlocyasis ) ol sial dao
oolaz_uwl gCM_.o‘ ‘C‘W‘ 092.3 wmb A5 M}; ojﬁc 9 6,_,_,,_\9
Ll 0,2)L8 5 (5595 Ogmmliprocdy sloailols 5o LT (g3laz )L L
o yogige b gl ST pulas alisee sla by, oysiSh .o ools &,
pdsass adgl olse cpl ZMal gl S Jod caisS e ¢ SOL S
00l sl pdnanasd dlew 45 sl lis bl Lol oads ool
5 00T £g,5085 ¢ S5 ¢ STl aile bz g5l b ailes o
A bl jo aigd oolaiwl oyt g (Sl Jam c0a S g 0 5l s )le

S ) 8 2y 58 S ) o (el § (S SiS g oo S5g
Wl o lal oluS 5 gl @Léf 5,5 6)lf)‘l.~.v

1. Y.J. Park, D. H. Lim, H. J. Kim, D. S. Park, I. K. Sung, "UV-
and thermal-curing behaviors of dual-curable adhesives based
on epoxy acrylate oligomers", Int. J. Adhes. 29, 710-717,
2009.

2. R. Schwalm, "Coatings basics, recent developments and new
applications", Elsevier Science, 2006.
3. C. Decker, H. Le Xuan, T. N. Thi Viet, "Photocrosslinking of

functionalized rubber. Il. Photoinitiated cationic
polymerization of epoxidized liquid natural rubber", J. Polym.
Sci. Part A Polym. Chem. 33, 2759-2772, 1995.

4. C. Decker, K. Moussa, "Kinetic study of the cationic
photopolymerization of epoxy monomers", J. Polym. Sci. Part
A Polym. Chem. 28, 3429-3443, 1990.

5. A. Asif, W. Shia, X. Shenb, K. Nie, "Physical and thermal
properties of UV curable waterborne polyurethane dispersions
incorporating hyperbranched aliphatic polyester of varying
generation number", Polymer, 46, 1106611078, 2005.

6. F. Mirshahi, S. Bastani, M. Ganjaee Sari, "Studying the effect
of hyperbranched polymer modification on thekinetics of
curing reactions and physical/mechanical properties of UV-
curable coatings", Prog. Org. Coat. 90, 187-199, 2016.

7. X. Wang, J. Zhan, W. Xing, X. Wang, L. Song, X. Qian, B.
Yu, Y. Hu, "Flame retardancy and thermal properties of novel
UV-curable epoxy acrylate coatings modified by a silicon-
Bearing hyperbranched polyphosphonate acrylate", Ind. Eng.
Chem. Res. 52, 5548-5555, 2013.

8. Th. Poon, "The Michael Reaction", J. Chem. Edu. 79, 264-
267, 2012.

9. W. Yin, X. Zeng, H. Li, Y. Hou, Q.iongzhi Gao, "Synthesis
photo polymerization kinetics and thermal properties of UV-

\A)

VLl S lSac yzum

Sl S8 S 5 Gl 5l (S ol yesSl (59 2 D STie gloog S
A S Sl 55 555 1y Pl ST el (slnog il e o5
oola sl 3y50 3 il Slge 40 00,S jeb 4 a5 e Sl JsNge S0
) ) . )

‘ b_b.».lo LSLQM‘ LY u‘?‘u;" «Ngas o0 oolaiul c:i“’)’ 9 C;’.j)b (’L"L“é »

Y] (VY S8) 5,5 ol Tl lagsS 5 naeaslsiel

OH
O% HO
OH OH OH OH
0 0 0 0

ol sloog)T e 4 iyt slo J5T5e —TF U
1#1] sl oo s,

! Natural acids
2 Amino acids
% Coumarin

10.

11.

12.

13.

14.

15.

16.

&zlpe-0
curable waterborne hyperbranched polyurethane acrylate
dispersions", J. Coat. Technol. Res. 8, 577-584, 2011.

D. James, "Unique characteristics of a dendritic polyether for
radiation curing", PRA Radcure Coat. Inks, Manchester, UK,
2002.

J. P. Fouassier "Photoinitiation, photopolymerization, and
photocuring: fundamentals and applications", Carl Hanser
Verlag Gmbh & Co, 1995.

N. Pietschmann, K. Stengel, "UV hardening and high solid
binders based on plant oil", Farbe. Lack. 110, 29-33, 2004.

H. Pelletier, N. Belgacem, A. Gandini, "Acrylated vegetable
oils as photocrosslinkable materials", J. Appl. Polym. Sci. 99,
3218-3221, 2006.

A. Koeckritz, A. Martin,"Oxidation of unsaturated fatty acid
derivatives and vegetable oils", Eur. J. Lipid. Sci. Technol.
110, 812-824, 2018.

M. Desroches, S. Caillol, V. Lapinte, R. Auvergne, B.
Boutevin,"Synthesis of biobased polyols by thiol-ene coupling
from vegetable oils", Macromol. 44, 2489-2500, 2011.

M. Stemmelen, F. Pessel, V. Lapinte, S. Caillol, J.P. Habas,
J.J. Robin. "A fully biobased epoxy resin from vegetable oils:
From the synthesis of the precursors by thiol-ene reaction to
the study of the final material", J. Polym. Sci. Part A Polym.
Chem. 49, 2434-2444, 2011.

oy b 5ol slaiig," o Ly o izs B LS sl S e 17

18.

AYag YY-\wv sti;) sl 9y s.o.LC 4 4"4>'LLLJ,3
ChW. Chang, K T. Lu, "Linseed-oil-based waterborne UV/air

dual-cured wood coatings", Prog. Org. Coat. 76, 1024-1031,
2013.

VYAV /¥ o jladi /A la /&0y slidg jo ciladlas oo g 45— cole da pdis


http://jscw.icrc.ac.ir/?_action=article&au=513468&_au=%D9%85%D8%B7%D9%87%D8%B1%D9%87++%DA%A9%D8%B1%D8%A7%D9%85%D8%AA%DB%8C+%D9%86%DB%8C%D8%A7
http://jscw.icrc.ac.ir/?_action=article&au=513346&_au=%D9%81%D8%B1%D9%87%D9%88%D8%AF++%D9%86%D8%AC%D9%81%DB%8C
http://jscw.icrc.ac.ir/?_action=article&au=513347&_au=%D9%85%D8%AD%D9%85%D8%AF+%D8%B1%D8%B6%D8%A7++%D8%B5%D8%A7%D8%A6%D8%A8
http://jscw.icrc.ac.ir/issue_9799_9801_%D8%AF%D9%88%D8%B1%D9%87+7%D8%8C+%D8%B4%D9%85%D8%A7%D8%B1%D9%87+2%D8%8C+%D8%AA%D8%A7%D8%A8%D8%B3%D8%AA%D8%A7%D9%86+1396%D8%8C+%D8%B5%D9%81%D8%AD%D9%87+13-23.html
http://jscw.icrc.ac.ir/issue_9799_9801_%D8%AF%D9%88%D8%B1%D9%87+7%D8%8C+%D8%B4%D9%85%D8%A7%D8%B1%D9%87+2%D8%8C+%D8%AA%D8%A7%D8%A8%D8%B3%D8%AA%D8%A7%D9%86+1396%D8%8C+%D8%B5%D9%81%D8%AD%D9%87+13-23.html

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

RUMWG Bl yinbes Aud I 123933375 b jog590 9 L )093l 3 G190

Jo

. V. Mishraa, J. Desaia, B. Kalpesh, I. Patel, "(UV/Oxidative)

dual curing polyurethane dispersion from cardanol based
polyol: synthesis and characterization", Ind. Crop. Prod. 111,
165-178, 2018.

U. Biermann, U. Bornscheuer, M.A.R. Meier, J.O. Metzger,
H.J.Schafer, "Oils and fats as renewable raw materials in
chemistry", Angew. Chem. Int. Ed. 50, 3854-3871, 2011.

C. A Teacd, D.Rosu, F.Tanasd, M. Zanoaga,
F. Mustata,"Epoxidized vegetable oils for thermosetting resins
and their Potential applications", Func. Biopolym., 27, 217-
238, 2017.

B. Sajjadi, W. Y. Chena, A. A. A. Raman, Sh. Ibrahimc,
"Microalgae lipid and biomass for biofuel production: A
comprehensive review on lipid enhancement strategies and
their effects on fatty acid composition", Renewable
Sustainable Energy Rev. 97, 200-232, 2018.

A. Guo, D. Demydov, W. Zhang, Z.S. Petrovic, "Polyols and
polyurethanes from hydroformylation of soybean oil", J.
Polym. Environ. 10, 49-52, 2012.

Z. S. Petrovi¢, "Polyurethanes from vegetable oils", Polym.
Rev. 48, 109-155, 2008.

A. H. Mahmoud, G.S. Tay, H.D. Rozman, "A Preliminary
study on ultraviolet radiation-cured unsaturated polyester resin
based on palm oil", Polym. Plast. Technol. Eng. 50, 573-580,
2002.

T. Eren, S. H. Kiisefoglu, "Hydroxymethylation and
polymerization of plant oil triglycerides", J. Appl. Polym. Sci.
91, 4037-4046, 2004.

S. N. Khot, J. J. Lascala, E. Can, S. S. Morye, G. I. Williams,
G. R Palmese, S. H Kusefoglu, R. P.Wool, "Development and
application of triglyceride-based polymers and composites", J.
Appl. Polym. Sci. 82, 703-723, 2017.

Z. Chen, B. Chisholm, R. Patani, J. Wu, S. Fernando, K.
Jogodzinski, D. Webster, "Soy based UVcurable thiol-Ene
coatings", J. Coat. Technol. Res. 7, 603-613, 2010.

M. Lazzari, O. Chiantore, "Drying and oxidative degradation
of linseed oil", Polym. Degrad. Stab. 65, 303-313, 1999.

HF. Payne, "Organic Coating Technology", Vol. 1. New York:
John Wiley & sons, 42-132, 1965.

F. Seniha Giiner, Y. Yagci, A. Tuncer Erciyes, "Polymers
from triglyceride oils", Prog. Polym. Sci. 31, 633-670, 2016.
V. Sharma, P. P. Kundu, "Addition polymers from natural
oils—A review", Prog. Polym. Sci. 31, 983-1008, 2006.

K. Hill, "Fats and oils as oleochemical raw materials", Pure.
Appl. Chem. 72, 1255-1264, 2000.

B. Cakmakli, B. Hazer, I. O. Tekin, F. B. Cémert, "Synthesis
and characterization of polymeric soybean oil-g-methyl
methacrylate (and n-butyl methacrylate) graft copolymers:
biocompatibility and bacterial adhesion", Biomacromol. 6,
1750-1758, 2015.

R. P. Klaasen, R. P. C. Van der Leeuw, "Fast drying cobalt-
free high solids alkyd paints", Prog. Org. Coat. 55, 149-153,
2006.

A. Paramarta, X. Pan, D.C. Webster, "Synthesis and
photopolymerization of highly functional acrylated biobased
resins", Polym. Chem. 52, 552, 2011.

S. Bovatzis, E. loakimoglou, P. Argitis, "UV exposure and
temperature effects on curing mechanisms in thin linseed oil
films: spectroscopic and chromatographic studies", J. Appl.
Polym. Sci. 84, 936-49, 2002.

C. E. Hoyle, C. N. Bowman "Thiol-Ene click chemistry",
Angew. Chem. Int. 49, 1540-1573, 2010.

39

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53

54.

55.

56.

. S. Boileau, B. Mazeaud-Henri, R. Blackborow, "Reaction of
functionalized thiols with oligoisobutenes via free-radical
addition", Eur. Polym. J. 39, 1395-1404, 2003.

J. Samuelsson, M. Jonsson, T. Brinck, M. Johansson, "Thiol-
ene coupling reaction of fatty acid monomers", J. Polym. Sci.
Part A Polym. Chem. 42, 6346-6352, 2014.

C.E. Hoyle, T.Y. Lee, T. Roper, "Thiol-enes: chemistry of the
past with promise for the future", J. Polym. Sci. Part A Polym.
Chem. 42, 5301-5338, 2004.

U. Bexell, R. Berger, M. Olsson, T.M. Grehk, P.E. Sundell,
"Johansson M. Bonding of vegetable oils to mercapto silane
treated metal surfaces: surface engineering on the nano scale",
Thin Solid Films. 515, 838-841, 2006.

B. S. Sitaramam, P. C. Chatterjee, M A. Sivasamban,"Use of

castor-based products in formulating UV-curable coatings",
Paintindia, 36, 17-18, 1986.

J. G. Homan, X. H. Yu, T. J. Connor, S. L. Cooper, "Castor
oil-based UV-curable polyurethane-acrylate interpenetrating
networks", J. Appl. Polym. Sci. 43, 2249-2257, 1991.

K. I. Patel, R. J. Parmar, J. S. Parmar, "Novel binder system
for ultraviolet-curable coatings based on tobacco seed
(Nicotiana rustica) oil derivatives as a renewable resource", J.
Appl. Polym. Sci. 107, 71-81, 2008.

E. Dzunuzovic, S. Tasic, B. Bozic, D. Babic, B. Dunjic, "UV-
curable hyperbranched urethane acrylate oligomers containing
soybean fatty acids", Prog. Org. Coat. 52, 136-143, 2005.

H. M. Kim, H. R. Kim, B. S. Kim, "Soybean Oil-Based Photo-
Crosslinked Polymer Networks", J. Polym. Environ. 18, 291-7,
2010.

H. M. Kim, H. R. Kim, C. T. Hou, B. S. Kim, "Biodegradable
photo-crosslinked thin polymer networks based on vegetable
oil hydroxy fatty acids", J. Am. Oil. Chem. Soc. 87, 1451-
1459, 2010.

Ch.W. Chang, K.T. Lu, "Linseed-oil-based waterborne UV/air
dual-cured wood coatings", Prog. Org. Coat. 76, 1024-1031,
2013.

V. Mishraa, J. Desaia, Kalpesh I. Patela, "(UV/Oxidative) dual
curing polyurethane dispersion from cardanol based polyol:
Synthesis and characterization", Ind. Crop. Prod. 111, 165-
178, 2018.

H. Gu, K. Ren, D. Martin, T. Marino, D. Neckers, "Cationic
UV-cured coatings containing epoxidized soybean oil initiated
by new onium salts containing tetrakis (pentafluorophenyl)
gallate anion", J. Coat. Technol. 74, 49-52, 2002.

R. A. Ortiz, D. P. Lopez, M. L. G. Cisneros, J. C. R. Valverde,
J.V. Crivello, "A kinetic study of the acceleration effect of
substituted benzyl alcohols on the cationic
photopolymerization rate of epoxidized natural oils", Polymer.
46, 1535-1541, 2015.

.J. V. Crivello, R. Narayan "Epoxidized triglycerides as
renewable monomers in photoinitiated cationic
polymerization", Chem. Mater. 4, 692-699, 1992.

J. Samuelsson, P. E. Sundell, M. Johansson, "Synthesis and
polymerization of a radiation curable hyperbranched resin
based on epoxy functional fatty acids", Prog. Org. Coat. 50,
193-198, 2014.

A. H. Johnson, L. E. Meemken, M.D. Soucek, "UV-curable
linseed oil based ceramers", Polym. Prepr. Am. Chem. Soc.
Div. Polym. Chem. 42, 747-748, 2001.

N. Jiratumnukul, R. Intarat "Ultraviolet-curable epoxidized
sunflower oil/organoclay nanocomposite coatings", J. Appl.
Polym. Sci. 110, 2164-2167, 2008.

\A

VFAY /¥ o jlack /A ala /K3y shaia o Cladllae oo g - pals ds el



57

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Yo

. K. Zou, M. D. Soucek,"UV-curable cycloaliphatic epoxide
based on modified linseed oil: synthesis, characterization and
kinetics", Macromo. Chem. Phys. 206, 967-975, 2005.

J. Chen, M. D. Soucek, W. J. Simonsick, R.W. Celikay,
"Synthesis and photopolymerization of norbornyl epoxidized
linseed oil", Polymer. 43, 5379-5389, 2012.

Z. Zong, J. He, M. D.Soucek, "UV-curable organic-inorganic
hybrid films based on epoxynorbornene linseed oils", Prog.
Org. Coat. 53, 83-90, 2005.

R. Hoffman, P. Wells, H. Morrison,"Further studies on
mechanism of coumarin photodimerization - observation of an
unusual heavy atom effect", J. Org. Chem. 36, 102-108, 1971.
CH. Krauch, S. Farid, G.O. Schenck, "Photo-c4-
cyclodimerisation von cumarin", Chem. Ber. 99,625-633,1966.
F.D. Lewis, S.V. Barancyk, "Lewis acid catalysis of
photochemical-reactions.  Photodimerization and  cross-
cycloaddition of coumarin", J. Am. Chem. Soc. 111, 8653-
8661, 1989.

A. Behr, J. Eilting, K. Irawadi, J. Leschinski, F. Lindner,
"Improved utilisation of renewable resources: new important
derivatives of glycerol", Green. Chem. 10, 13-30, 2008.

C.H. Zhou, JN. Beltramini, Y.X. Fan, G.Q. Lu,
"Chemoselective catalytic conversion of glycerol as a
biorenewable source to valuable commodity chemicals",
Chem. Soc. Rev. 37, 527-49, 2008.

P. D. Pham, S. Monge, V. Lapinte, Y. Raoul, J. J. Robin,
"Various radical polymerizations of  glycerol-based
monomers", Eur. J. Lipid. Sci. Technol.115, 28-40, 2012.

H. Kilambi, S. K. Reddy, L. Schneidewind, J. W. Stansbury,
C. N. Bowman, "Influence of the secondary functionality on
the radical-vinyl chemistry of highly reactive monoacrylates",
J. Polym. Sci. Part A. Polym. Chem. 47, 4859-4870, 2009.

H. Kilambi, J. W. Stansbury, C. N. Bowman, "Deconvoluting
the impact of intermolecular and intramolecular interactions on
the polymerization kinetics of ultrarapid
mono(meth)acrylates", Macromol. 40, 47-54, 2007.

J. Park, J. Eslick, Q. Ye, A. Misra, P. Spencer, "The influence
of chemical structure on the properties in methacrylate-based
dentin adhesives", Dent. Mat. 27, 1086-1093, 2011.

P.  Maciej, "Synthesis and  characterization  of
acetyloxypropylene dimethacrylate as a new dental monomer",
Dent. Mat. 27, 748-754, 2011.

K.J. Zeitsch, "The Chemistry and technology of furfural and its
many by-Products", Amsterdam: Elsevier Science, 2000.

B.G. Amsden, A. Sukarto, D.K. Knight, S.N. Shapka,
"Methacrylated glycol chitosan as a photopolymerizable
biomaterial", Biomacromol. 8, 3758-3766, 2017.

J. Baier Leach, K. A. Bivens, J.R. C.W. Patrick, C.E. Schmidt,
"Photocrosslinked  hyaluronic acid hydrogels:  Natural,
biodegradable tissue engineering scaffolds", Biotechnol.
Bioeng. 82, 578-589, 2003.

P. Granat "Synthesis of acrylated ethylcellulose for UV-curing
ink", Carbohydr. Polym. 57, 225-228, 2004.

R. N. Kumar, P. L. Po, H.D. Rozman, "Studies on the
synthesis of acrylamidomethyl cellulose ester and its
application in UV curable surface coatings induced by free
radical photoinitiator. Part 1: Acrylamidomethyl cellulose
acetate", Carbohydr. Polym. 64, 112-126, 2016.

P. Wojciechowski, L. Okrasa, J. Ulanski, M. Kryszewski,
"Thermally stable optically anisotropic polymer networks
obtained from mesogenic LC cellulose derivatives", Adv.
Mater. Opt. Electron. 6, 383-386, 1996.

76

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

VLl S lSac yzum

. S. Shimamoto, Y. Uraki, Y. Sano, "Optical properties and
photopolymerization of liquid crystalline (acetyl) (ethyl)
cellulose/acrylic acid system", Cellulose. 7, 347-58, 2000.

L. Okrasa, G. Boiteux, J. Ulanski, G. Seytre, "Molecular
relaxation in anisotropic composites based on (hydroxypropyl)
cellulose and acrylic polymer", Polymer. 42, 3817-3825, 2001.
A. D. Rouillard, Y. Tsui, W. J. Polacheck, J.Y. Lee, L.J.
Bonassar, B.J. Kirby, "Control of the electromechanical
properties of alginate hydrogels via ionic and covalent cross-
linking and microparticle doping", Biomacromol. 11, 2184-
2189, 2010.

A. P. Vieira, P. Ferreira, J. F. J. Coelho, M. H. Gil.
"Photocrosslinkable starch-based polymers for ophthalmologic
drug delivery", Int. J. Biol. Macromol. 43, 325-32, 2008.

J. M. Li, L. M. Zhang, "Characteristics of novel starch-based
hydrogels prepared by UV photopolymerization of
acryloylated starch and A zwitterionic monomer", Starch.
Stérke. 59, 418-422, 2007.

Y. Zhou, G. Ma, S. Shi, D. Yang, J. Nie, "Photopolymerized
water-soluble chitosan-based hydrogel as potential use in
tissue engineering", Int. J. Biol. Macromol. 48, 408-413, 2011.
M. Liu, X. Yue, Z. Dai, L. Xing, F. Ma, N. Ren, "Stabilized
hemocompatible coating of nitinol Devices based on photo-
cross-linked alginate/heparin multilayer", Langmuir. 23, 9378-
9385, 2007.

K. Ono, Y. Saito, H. Yura, K. Ishikawa, A. Kurita, T. Akaike,
M. Ishihara, "Photocrosslinkable chitosan as a biological
adhesive", J. Biomed. Mater. Res. 49, 289-95, 2000.

M. Ishihara, K. Obara, S. Nakamura, M. Fujita, K. Masuoka,
Y. Kanatani, B. Takase, H. Hattori, Y. Morimoto, M. Ishihara,
T. Maehara, M. Kikuchi, "Chitosan hydrogel as a drug
delivery carrier to control angiogenesis", J. Artif. Organs. 9, 8-
16, 2006.

T. M. Don, H. R. Chen, "Synthesis and characterization of
AB-crosslinked graft copolymers based on maleilated chitosan
and N-isopropylacrylamide", Carbohydr. Polym. 61, 334-347,
2005.

C. Zhong, J. Wu, C.A. Reinhart-King, C.C. Chu, "Synthesis,
characterization and cytotoxicity of photo-crosslinked maleic
chitosan—polyethylene glycol diacrylate hybrid hydrogels",
Acta. Biomater. 6, 3908-3918, 2010.

K. Boady Djagnya; Zh. Wang; Sh. Xu, "Gelatin: A Valuable
protein for food and pharmaceutical industries: Review", Crit.
Rev. Food Sci. Nutr. 41, 481-492, 2010.

A. Tanbir; 1. Amin; A. Siti Aglima, Kh. Khalilah, A. Kumar,
"Recent advances on the role of process variables affecting
gelatin yield and characteristics with special reference to
enzymatic extraction: A review", Food Hyrocolloids. 63, 85—
96, 2017.

K. Yue, G Trujillo-de Santiago, M. Moises Alvarez, A.
Tamayol, N. Annabi, A. Khademhosseini, "Synthesis,
properties, and biomedical applications of gelatin methacryloyl
(GelMA) hydrogels", Biomater. 73, 254-271, 2015.

V. Vijven, J. P. Luijsterburg, P. A. Verhagen, A. P. van Osch,
G. J. Kloppenburg, M. Bierma-Zeinstra, "Symptomatic and
chondroprotective treatment with collagen derivatives in
osteoarthritis: a systematic review", Osteoarthritis and
cartilage / OARS, Osteoarthritis Res. Socy. 20, 809-821, 2012.
S. Kh. Lim, B. S. Schon, N. V. Mekhileri, G. C. J. Brown, C.
M. Chia, S. Prabakar, G. J. Hooper, T. B. F. Woodfield, "New
visible-light photoinitiating system for improved print fidelity
in gelatin-based bioinks", Biomater. Sci. Eng. 2, 1752-1762,
2016.

VYAV /¥ o jladi /A la /&0y slidg jo ciladlas oo g 45— cole da pdis



RUMWG Bl yinbes Aud I 123933375 b jog590 9 L )093l 3 G190

92. J. P. Van Vijven, P. A. Luijsterburg, A. P. Verhagen, G. J. van 93, D. R. Burfield, K. L. Lim, K. S. Law, "Epoxidation of natural

Osch, M. Kloppenburg, S.M. Bierma-Zeinstra, "Symptomatic rubber latices: Methods of preparation and properties of

and chondroprotective treatment with collagen derivatives in modified rubbers", J. Appl. Polym. Sci. 29, 1661-1673, 1984.

osteoarthritis: a systematic review", Osteoarthritis Res. 94. H. Le Xuan, C. Decker, "Photocrosslinking of acrylated

Socy. 20, 809-21, 2012. natural rubber", J. Polym. Sci. Part A. Polym. Chem. 31, 769-
780, 1993.

VAV /¥ o jlack /A ala /5 sLia o csladlae oo g i - als syl \id




