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Abstract: In this study, microcapsules were synthesized by using five types of natural gums as surfactants. The viscosity
and emulsifier activity (E,4) of the natural gum solutions used in the experiment were measured, and synthesized micro-
capsules were confirmed by optical microscopy (OM), field emission scanning electron microscope (FE-SEM), Fourier
transform infrared spectrometry (FTIR), thermogravimetric analyses (TGA) and free-NCO content to have a spherical
core—shell structure. In addition, microcapsules were applied to thermoplastic polyurethane (TPU) to prepare and evaluate
coatings to confirm healing behavior. Natural gums affected the synthesis of microcapsules, such as viscosity and oil
droplet size. Stable microcapsules were synthesized using tragacanth gum (TG) in amounts diluted to 1.0 wt% or less in
water.

Keywords: natural gum, self-healing, microcapsule, thermoplastic polyurethane coating.
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Figure 1. Healing behavior: (A) self-healing micro capsule-embed-
ded coating; (B) damage to coating and releases healing agent; (C)
coating filled with healing agent; (D) damage healed."

Table 1. Components of Prepolymer Synthesis

Prepolymer N?S{(?H ciﬁ::rzgz Free NCO%
TBP 2.0 60 19.17
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W icrocapsule
Microcapsule yield(%) = W M+ W;DI+ W x 100 (1)
repolymer

AZIM, Wrticrocapster Worepotymen Wap 5 Wi 2 3tol] AR
H mlola g <, ZTejZwH, BD ¥ IPDIS] Fa (gt} v}
oAz 4 F 482 Table 290, 3-89 Scheme
1ol YeRpRSIct.

O[a2dE Y. rlo|la=27<e] Jule Z3Fr)4d(Xi-
CAM, Shinhan Scientific Optics)2 ARE-31] S008H2] Hi-&-Z2
SRR, o|n|A]FA] ZZ2 I Active MeasureS ©]-&-
slo] mlo|A2 Y] AL s

o] A2l o] ¥ ¥ ¥ F7= FE-SEM(JSM-
6701F, JEOL LTD)< ©]-&-3ste 1513t}

ol AR &S] A T WSS golir] flEl TGA(TA
instruments, TGAQ-5000)5 AF&-31] $24:% 10 °C/minS
2 2F2eA 500 °Coll AA Hall 2EE ST

e zZeEE e vk offe) FojEdS ERIsH] ¢
3] FTIR(Thermo Scientific™ Nicolet iS10 FTIR spectrometer)
Z 3P 2] 4000-400 cm'ollA] ARSI 323, 14 E 4 em
2 KRS-5 A& ARgat] #4118 Jsgaiict. e o
MEK®]| =21 & AZ3}3. FTIR attenuated total reflectance &
T2 Ge AS A3t 391 4000-500 cm ol A FAS]
T 163], A= 4eom'E A5

o] AR &S] 3] B WE ATS Il 98, 270
9] &ghol= FE2 Ateldl] 0.1 g2 AXE vlolaZ2ES
T A= ZHAE ARESt] 10827 0-5 MPa 25 718l
S} FojEZS DBA £9(10mL, 2 N, toluene)l] &
A7) AHEHEOZ free-NCO contentsS: =7g35}e] HlEH
FoAEZ L] A S WSk} Free-NCO content
= 2 2% F3l A=A

Free-NCO% = L

(B—V)><V]V\7><O.O42]X 100% @

= MES AHESHA] 24 113 E DBAS- blank testell
AREE HCI®] #3)(mL), V= A1E A3 AH-E HCI -5
(mL), N2 HCI®| =2%sol, pis A9 A (gelth
Hoizio] S BN, WA $89L 1388 CB7} S
A Hie|gell H71slaL 22 FeF S5 H, 50°C % 80°C
QBN 24417) B BAG F ReE Feo| w0l o83}
o 23102 EE S4sn
Height of emulsion layer
Total height

o

ot

E24 lndeX(%) =

x100 3)

A golo] A== HXA|(DVE Viscometer, Brookfield)
9} 1000 cps ©l8+e] Mol A& spindle 018 2 o] AolA &
spindle 062 AF8-31 10 rpm®] HE= A-2ox AU

TS ARIA R A A A vlelazRiee] 4 B 24 327

Table 2. Comparison Values of Microcapsules Prepared Using
Natural Gums

Samples Surt("actant Yield (IiAiZferttgei thisclll;lleltss
& Co " (um) (um)

AGC100 AG 1.00 78.40 107.11 3.79
TGC100 TG 1.00 79.50 62.57 5.07
LGC100 LG 1.00 72.01 55.11 4.72
GGC100 GG 1.00 49.71 57.12 2.80
XGC100 XG 1.00 59.23 69.05 4.99
TGC25 TG 0.25 76.44 128.59 10.18
TGC50 TG 0.50 89.98 124.05 9.49
TGC75 TG 0.75 83.73 67.80 6.32
TGCI125 TG 1.25 89.67 57.89 2.36
TGC150 TG 1.50 62.73 56.45 1.96
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Scheme 1. Synthesis mechanism of polyurethane microcapsule.
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Table 3. Composition of Self-healing Microcapsule-embedded
TPU Coating

TPU coating

Microcapsule dispersion solution (g)

Samples 9202VH (3) :
T((}CSSO ?]? 3202H (1) :
& & Toluene (16)
0

OMTPU 0 with) 50.0
0.1

IMTPU (1 with) 495
0.3

3MTPU G wite) 48.5
0s 10.0

SMTPU (5 with) 475
1.0

10MTPU (10 wite) 45.0
2.0

20MTPU (20 with) 40.0

o 1A1ZF &Rt vl EuEE ARg-Sle] EAbE wlo| AR s
okl s Alzsnh. Aes TPU L E) thdt wins Al
Akste] Hrtelaint. RAS] 242 Table 30 YeERAALT.
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Karl Hammacher GmbH)E &2 A A=A 7](SB-191,
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Figure 2. OM and FE-SEM images of the microcapsules using different types of natural gum.
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Figure 3. OM and FE-SEM images of the microcapsules using different contents of TG.

Table 4. Characteristics of Natural Gum Aqueous Solutions

Samples Eay (%) Viscosity
50°C 80 °C (cps)
AGC100 22 1.1 10
TGC100 13.19 10.99 300
LGC100 14.29 13.19 250
GGC100 49.45 34.07 5500
XGC100 82.42 76.92 2000
TGC25 5.49 4.40 31
TGC50 7.69 6.59 100
TGC75 14.29 8.79 200
TGC125 16.48 10.99 1800
TGC150 21.98 16.48 2000
olggl Fx= FojEH| THULAY & HollA F
T':J’}' g e o Al o] Wi o2 2381

&g 7Fs7gol 171 mioll ARGl e S Aew W
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o} TG ko] 0.25 gollA 0.50, 0.75, 125 2 1.50 g0 & =
7¥etel] w} mlo]m RN e] A71E 1300014 50 um7HA 7
Ao, oY FA= 10941 2 um7kA] ZAAgTh E3
TGC125 9 TGC15001M= A18x] & Fejs Bt o]
© AgFe] Sl wpet 239 wjdoe] thEF AAEM, 7t
7}e] 1*4‘01 ?%t&% Aol A Bl dego] Frlsle] $-
oEH7]' HEYE Aoz Fdec 2!
SHoA AR YIS H7s]
hﬂ —1“9“’“ 2 CBEZ vlola2f& Aol A
45 2 %%_‘f& Fo g s9taln, 2447 9 B, 2AA
= Figure 49} Table 4 YERHATE 50 °C 2 80°CS] Wk
olARE T R&ollA 24 AIZF Foll oA, = B olEA
o] 5 FAI By o1 54 224 Sl edis

°] 51719Jr Ay B oEdS A5k TS Yehdth
AV O R | Ey, o] ARSE SdWE 7|7} AhAgiht
EH & AG<TG<LG<GG<XGY &A1 2 =%oH, TG

Shgo] F7Istel wiet F7lske 73 Eke] vEldth &L A
7L Bt 3715l wet askeE o] vehdem, Hx
7} & GGC1003} XGC1002 F3F Alofl HAto] 2 o] Fof
AA] ot AL Hojual F£5Eo] H|wA W Zlo=
Btk T3k 80 °CollAE 50 °Colx] 24 E E,, ETH 7Ha
e ole & Ao a o) M vl Aoyt
A &2 7hset FR7F 7Ash Ao 2 whhEn
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Figure 4. E,, of natural gums according to different conditions: (A)
gum types at 50 °C; (B) gum types at 80 °C; (C) TG contents at
50 °C; (D) TG contents at 80 °C.
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Figure 5. TGA thermograms of microcapsules synthesized accord-
ing to synthesis conditions: (A) gum types; (B) TG contents.
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Figure 7. Comparison of FTIR spectra of microcapsule shell and
core materials of TGC50.
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Figure 9. S-S curves of TPU coatings containing TGC50: (A) OMTPU; (B) IMTPU; (C) 3MTPU; (D) SMTPU; (E) 10MTPU; (F) 20MTPU.
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