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A Study on Remaining Formaldehyde Concentration in the Synthesis
of Self-Healing Microcapsules
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The concentration of remaining formaldehyde contained in waste liquid emitted from the process of urea-formaldehyde
microcapsule synthesis was analyzed by gas chromatography-mass spectrometry (GC-MS). Three factors that can affect on
the reaction of formaldehyde were selected including pH, ammonium chloride input and temperature. The effect of these
factors on the concentration of remaining formaldehyde was studied. When ammonium chloride input was 0.025g,
microcapsules could not be obtained or core substance leaked out because of weak shell, and therefore this reaction
condition would be inadequate. It was confirmed that the concentration of remaining formaldehyde could be minimized
when the microencapsulation was conducted at 70C and pH 2.5 by using a ammonium chloride input of 0.050g. This study
can make contribution to UF microencapsulation in safer working environment.
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1. M 2 20| 2Lt &4 2E M2 T eSS Yo XRE
QICKFig. 1) (Samadzadeh et al. 2010; Song et al, 2013),
X71x18 AXl(seli-healing materials)= AZX| 1Y, 7+ ofo|Z2¢E2 URo| /e U= Z0(core) 221, T
SO &M0| HMEIH AAZ X|R6H= AME oJ0|SiCBlaiszk  =ES S2MAN ESche Zel(shel)o2 FEECH 20 S22
et al, 2010; Hia et al, 2016), W2, ElE, 718, 244 58 74 20| R 1 SRt &4 B9IE ML PISSozM X|Fehy
SH= ATof X7 IXIR 7152 BoiotH, BAXIL QXS] oz S ¥97|= AYS Sl e T0 SES S TET
HEo| DIMet ANRE XPIXIR7 7Hs5t7| H20] & oMy OHESA WM 255t 7[AM X501 7eiRE f 7HHM XigE
2 SMAZ T, SXE4 HIR0| HUEH Ao 4 Syt AS HEcls HEES STt HRUORM VY BEHMOZ MR
71E dAR O|0{X|7| miZof fl=tdHol, 22 &9 siltz 0L EY|S|=(UF(Urea—formaldehyde))
IPIXIR 78 AMo| Bof5ts CHEXMQ! 8 = SiLis IR L=EXt0IT
SEZ SRt 0oa=UaeS AXY ol 24A7I= Aol ol UF Z290| ddEl= SeftSAIZ Fig, 20f LIEILIICE 22
E0, Dl0|A2aS 232|ES BSIEM| EAAF TH 2 Oft ZEUHS|I=7F 8IS0 HIES 2lefE0] ddmm(Fg. 2a),
HJ2E AXES 4B, E4 02 O|MFIEtA 50| Hat 0Ixt2E  0|0iX|= SRS Qlstod UF 7t n2A7tH 4o st
B X&X0|H 8oz 58 4 9/t 0| ESTERo] 240  EdetChFig. 2b) (Rochmadi and Hasokowati 2010),
25t &4 £2/0l £Xifot= 00| 2H&0| HXHM XS UF Zi&0ts 7IX|= 00| 32459| sfad3HoIM tEE= ot
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Fig. 1. The concept of self-healing in protective coating
for concrete

H;NCONH, + CH,0 ——= H,NCONHCH,OH

H,NCONHCH,OH + CH,0 ——= HOCH,NHCONHCH,OH

(a) Addition reaction of urea and formaldehyde

H
—N—CH,OH + H—N—J:l— — —N—CE—N—(‘:'— + CH,0
e

H H

(b) Condensation reaction to form UF resin

Fig. 2. Reaction scheme of the formation of UF shell
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Table 1. Headspace conditions

Needle temperature 120C
Pressurization time Imin
Transfer line temperature 180°C
Pressure of helium 30 psi
Thermostatic temperature 80C
Thermostatic time 40min
Injection time 0.08min

2.2 00|28 =3

0f0|22 S oil-in-water&0ilA in-situ S&01 25101 HI=
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20 ml distilled water
5ml 2.5 wi%s EMA/H,0

4

Agitation at 1000 rpm

0.503 g urea
@ 0.025,0.050 or 0.075 g NH,CI

0.050 g resorcinol

pH control
(pH=2.5,350r45

@ 8 ml linseed oil
1.456 g 37wt% formaldehyde

Reaction for 4.5 h
(at 50, 60 or 70°C)

!

Filtration / Washing

4

Drying

Fig. 3. Microencapsultion process
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Eot 22 ARgl= It
2 AW, ZEYHIS|I=RL L20t7t 27t 8rEE P27 mono-,
di—, trimethylolureaS MAst= BE20|CHFIg, 5) (Sun et al, 2014),
0 BF22 4 0[5t2] 'H2 pH E= 9 0|49] =2 pHOlM FX==
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Fig. 4. Optical photograph of the synthesized
microcapsules
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Fig. 5. Formation of mono-, di-, tri- and tetramethylourea by
the addition of formaldehyde to urea

ANH,Cl + 6CH,0 === (CHu)N; + 4HCI + 6H,0

Fig. 6. Reaction scheme of ammonium chloride and formaldehyde

=2 om0 = BEUTF|=O| BiS
A pH, emEEza0lc SoR e
RIS0| B3 T SO ESATFIE

Rk pHE 2.5, 35, 452, YREZ220|E FYH=2 0.025g,

L& XFot] Wt ZetE ZELHs|=0| MRS GC-MS &

HIZ Ao 24 20 Fg, 7~901 LIEILAL

Fig. 72 00|22 &3t H3lS 50ToIA 236t

2f0|= St pHE HetAZS [ H2tol| Lelel LEYLT/s|=

S=0|0f, fE=2=2210(= FYH0| 0.025g

St tef ZEYHs|E R0 76K
(e]

=]
0= FRIZ0] 0.050g M= LELHS|E LHF0[ pHOYl A8

rob
Hl
!
x
H>
o
Ral
)
o
o
H
RO
gl
N
o
N
o
[
w
i
—
w



N
ofn
rg
=
a
>
90
0%
]
ox
b
Ao

Reaction temperature : 50°C mNHAC!: 025 g
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Fig. 7. Concentration of remaining formaldehyde contained in waste

liquid. Microencapsulation was carried out at 50C by using

different amounts of NH,Cl
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Fig. 8. Concentration of remaining formaldehyde contained in waste

liquid. Microencapsulation was carried out at 60C by using
different amounts of NH,Cl
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Fig. 9. Concentration of remaining formaldehyde contained in waste
liquid. Microencapsulation was carried out at 70C by using
different amounts of NH,Cl
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