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2 < : B AT A= poly(ethylene glycol) (PEG), isophoron diisocyanate (IPDI), 1,1,1-tris(hydroxyme-
thyl)propane (THMP) 52 A}8-3}4] polyurethane microgelS ¥4 3FATE Microgelo] 42 4 A=
ZAES ZAAReH, AAAR G (SEM), A7 347] 55 ol&3std ¥ dH microgel®] FEY
R B ES dotEtth ARS3F PEGEY %Fo] THMPO ®lal Bl 2] @5 wfol vt microgele] & /4=
Ao, wetx PEG7F microgel®] @ gl vi-$- Fogt 98-S 1 JoS & F UATE Microgel 9]
A A o] =43 microgel £ HEE microgeld] AT tlEo] FA3IHth A3 PEG
o] Ex}EFE 2,000, 6,000, 10,0000] Q= EAlZFo] 6,00020 AL AFEEIES W, microgelo] 7HE Z
dojF k. ¥4 E microgel?] Z71E A7) SH72 SHSFAEY 130~230 nm FE=H Tk

Abstract: Poly(ethylene glycol) (PEG), isophoron diisocyanate (IPDI), and 1,1,1-tris(hydroxymethyl)propane
(THMP) were used to synthesize polyurethane microgel. The formulation to form a microgel was determined,
and the shape and the properties of the microgel were characterized with SEM and particle size analyzer. The
microgel was only formed when PEG was used more than THMP exceedingly. Therefore, it is believed that
PEG plays an important role in the synthesis of the microgel. During the formation of the microgel, the vis-
cosity of the microgel solution was decreased. Molecular weights of the PEGs which were used in this research
were 2,000, 6,000, and 10,000. The microgel synthesized with PEG 6000 showed the best property in compar-
ison with others. The size of the microgel measured by particle size analyzer were about 130~230 nm.

Keywords: microgel, polyurethane, PEG
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2 et Ao & gtk o|so Az Wk ate 5% 22 717+ monomer®] divinylbenzened} #
ZE Ztal JARE A9g G He 4ES vEd & 7HAE &% A7FIA emulsion SHS ©]8-3A
. TEAE o] &AM microgeld A= A microgelS THE F ATH2-7] F A HoRE of
193080 Hzz A/E o] me ARSo] olo] IANE FH &AE oA & FIH YW
2 gheH1. 2 microgelS §/43h= otk v 34 H Aol A
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Uro] B 2= 9=d 7 = 7% o] o]&® whgo] S WA oA B W stw Agte] d o F

doJUA FHEZ microgelo] A EHA Ak o E9
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AeE dez & T3S st Sl =of sle ¥
B2 2827 AT oS wiggel ol ¥
AL BN oFF 1 ™ 7tRrt ¥4
ot o]Ae T Gl =Y A olF B2 IEE
Zh= §AS Ao 1.8].

Microgel®] 542 344 Foll AH&3 7haAle] &S
770l Wb A E microgel 49 H=r}F 7

AsthE AP, microgel®] AT} microgel £ 9]
HAEote] FaaAAZE dubHd 1329 T
A Yeide BAET ot #AS} gE2A yE
b= Aol
B A= microgel®] 3

col) (PEG)S E=A3stA 3t @73 ¥ microgelo] © ©]
4 2 YAR Ae As WeleA ste WHoR
microgelS nano YA} FFol HF2A e AEE
At &9 S WHOE microgelS A &
Aol I 51X &AM HAAsof st olfre FE
7F FobA™ olxdhe WA whgo] fAl dojut ¢
AHEo] AAZ] WEolth 2y & AFelA = PEG
5 AF AHE3st o]E°] FAE microgel® E R
ol EASHA ko] 34 &oo] ofd Hf-ol: mi-
crogels A4 4 UA A=sTh

Holl poly(ethylene gly-
P
e}
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2.1. A|2F 3 7171

Poly(ethylene glycol)= 1 =AMl 2+ 1,900
~2,200 (PEG 2000), 5,000~7,000 (PEG 6000), 8,500~
11,500 (PEG 10000)2) Fluka AFe] A]eFS A&tk 1
2] 3L Isophorone diisocyanate (IPDI)} 2-butanone (MEK)
<2 Fluka AFe] AJ2FS, 1,1,1-tris(hydroxymethyl)propane
(THMP)= Aldrich A9 AleFS, ¥4 FeCht Riedel
Abe] AlokS AHEstATH PEGSF THMP= 213 stol
A 50°CE 5 AITE B ARAIZ Foll AMEEEon,
MEK+ molecular sieve (4A type)Z 24 A|ZF &<+ A
3t o FHFst AHESHATH

Microgel®] =7] =7 Malvern®] Mastersize 2000
particle size analyzerZ ©]-83}%.2. 1, scanning electron
microscope (SEM)+= Hitachi S-2500CE ©]-83}9t}. IR
spectrophotometer= Jasco2] FT-IR 6802 A}-8-3}% .0
Z == Ostwald viscometerE ©]-83}] =43}

2.2. Microgel2| &M
Th2 microgels @48t & & YERd Zolth
250 mL9 round bottom flaskol] &mijel MEKZ 100
mL ¥ & Fu]Z ARE3E FeClLE 0.50 g (3.08 mmol)
A7veAk. Z18lar PEG 6000 5.0 g (0.833 mmol)3%

- R - 1A

IPDI 0.55 mL (2.60 mmol)& H7F3kaL 80°CelA] 10 min
<t ¥h-3-A171 3o THMP 0.15 g (1.12 mmol)S 7}
3lal 80°CE refluxsha A WA th

HA =71S 7] 984 PEG, IPDI, THMP %9
FS WIAA JHAA FEES A=S] BEokon, PEG
o] Ex}gko] 2,000, 6,000, 10,0008 RS zhzb ARga}
o F9S A=A

2.3. Microgel2| 241

T4 BAolA THMPE H71sE $-o 200 mino] ©]
E W7lAX]= 20~50 min ZFE 2.2, 200 min ©]ZFd=
100~200 min 7FAS 2 1 mL¥ &9 FH3 o} 9]
Aol 9 mLe] MEKE T3l microgel §42 WE 3,
Ostwald viscometerE ©]&3}o] fdo] =5 =A3}
o Bkl 283 micrgele] A E Fo particle size
analyzer (Mastersize 2000)E ©]-8-3} microgel®] i
AR} A719F YAESY Z7] BEE AFHEJOH, SEM
(Hitachi S-2500C)= ©]-&3t o]&9] AA 2 RIS
A H gkt

3. 28 ¥ nE
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Microgel2 o}F 2Fe =7]9] YAlolmg 1 3
< w9 Hoh webA oj3s Hoh A W
A Aok 8o g @asd 4
g 2 AF9A= PEGE polyurethane F-
2ol 5o A AASBNA polyurethaneS F4J 3
o, olegt =M= PEG7E FA4E L&A A
EREAE Bo] & F A "ok wepA o]Fo]
245 A4 Ao PEG F-io] YAre] :He] &)
g gEo| Eoxlth olgg 2N FTHS & A5
o, 4% 947 &7 EAs= PEGEC] AARE ¥
< WA AR Tt Ajte]l Z dojubA] Xt
o}, MicrogelS £ 3oz AT H
5 |Ao] FE7} v A O microgelS
A7t wrbsstval A ok O olf e 2w =
< ArY TRodM=E AAZ st Agto]l deojut
microgel®] FE|7} T 7] wjFo|ty 28y} B A
AME ¥ &HY FEE ofF A A FowA
% microgelo] 2o1d F A= WHES FolHSITh
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3.1. PEG2| & H|7| Microgel2| EM0j| O|Xl= P&t

B Ao A= polyurethane microgelS 3H4335H7] 9
A A=E polyol> PEGRIH], € &0l 6,000
2l PEG 60002 A}&3le] ©]Z¥ THMP, IPDIZS] =
H| 7} microgel®] Ao v X FFS AHEJUT

ZA3}Z Table 19] YERHSITH
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Table 1. Microgel synthesis using different molar ratios of PEG 6000, THMP, and IPDI at 6.0 g of monomer per 100 mL

of MEK (unit: g)
Ex. No. Molar ratio (weight ratio) PEG 6000 THMP IPDI Results
P6-1 3:2:6 (91.8:1.37 :6.80) 5.508 0.082 0.408 Microgel
P6-2 3:4:9 (87.6:261:9.74) 5.256 0.157 0.584 Microgel
P6-3 3:6:12 (838 :3.75:124) 5.028 0.225 0.744 Microgel
P6-4 3:8:15 (803 :4.79 :14.9) 4.818 0.287 0.894 Macrogel
P6-5 3:10: 18 (77.1 : 5.75 : 17.1) 4.626 0.345 1.026 Macrogel

A :P6-2,B:P6-3,C: P64
Figure 1. SEM image of the microgel (bar represents 250 nm).

168

&g

wT
48

26
4B£E 660 I 1668 486

Wavenumber [em-1]
Figure 2. FT-IR spectrum of the microgel.

Table 1] Z27E B P6-32 Ao = PEG 6000 oz AWE A7E Figure 19 VRN ATH
: THMP : IPDI®] & H]7} 3:6:12%] 74-%-9= microgel Figure 12 A3 KA P6-29] 799 A E°] 100~130
o] FoJH A P6-491 920 E w7} 3:8:1590 A5 nmm¢l 78 ZEY4 microgelE°] Ao AS #EAE
o= microgelo] Ro}AA kth Pe-13 P620lA % QUTk 83 p6-39] AL A26] 110~140 nm
microgel®] DR A9} P6-5914] microgel®] AoIA] ol 3 X <F9] microgel ——Ol 040174 AL #zs &

_1

A 2L ARE v Fo] B, microgelo] BoJX7] 9 Ak 2 Pe-49] B-E HW T ESEo B
3l PEG 60009 o] wlg- Fositha #Addd 4 & AN o]50] FA 9&%5 ¢ %lt}.

ATk F E BIZ= PEG 60002 47} Ho]= THMP P6-22] Z-f-ol FA T microgelS A AXAZ F
o] o b o]d2 Hojok microgelo] FAAH F of IR 2HERS dof FAH AEIES AHEY

& Hlo| A% HA monomerd] F el PEG 6000°] =t o 1 AF}E Figure 20 YERH T
A sh= ol 84% ©]/F-S H ook microgelo] AIX T Figure 2¢] 232 B9 1709 em' oA Yehbs &5
P6-2, P6-3, P6-42] Z}7}e] 7490 Ao gelS SEM Z Ro} urethane”]7} A EHISS 2T 5 ATk
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Table 2. Microgel synthesis using different molar ratios of PEG 10000, THMP, and IPDI at 6.0 g of monomer per 100 mL

of MEK (unit: g)
Ex. No. Molar ratio (weight ratio) PEG 10000 THMP IPDI Results
P10-1 3:4:9 (922 :1.65: 6.15) 5.532 0.099 0.369 Microgel
P10-2 3:6:12 (89.6 : 240 : 797) 5.376 0.144 0.478 Microgel
P10-3 3:8:15 (872 :3.12 : 9.69) 5.232 0.187 0.581 Macrogel
P10-4 3:10: 18 (849 : 3.80 : 11.3) 5.094 0.228 0.678 Macrogel

Table 3. Microgel synthesis using different molar ratios of PEG 2000, THMP, and IPDI at 6.0

g of monomer per 100 mL

of MEK (unit: g)
Ex. No. Molar ratio (weight ratio) PEG 2000 THMP IPDI Results
P2-1 3:02:33 (88.8:040 :10.9) 5.328 0.024 0.654 Microgel
pP2-2 3:05:3.75 (869 : 097 : 12.1) 5.214 0.058 0.726 Macrogel
P2-3 3:1:45 (841 :1.88 : 14.0) 5.046 0.113 0.840 Macrogel
pP2-4 3:2:6 (789 : 3.53 : 17.5) 4.734 0.212 1.050 Macrogel
P2-5 3:4:9 (703 : 629 : 23.4) 4218 0.377 1.404 Macrogel

Table 4. Microgel synthesis using different weight of total monomer in which molar ratio of PEG 6000, THMP, and IPDI is

3:4:9 in 100 mL of MEK (unit: g)
Ex. No. PEG 6000 THMP IPDI Weight of total monomer Results
P6-2 5.256 0.157 0.584 6.00 Microgel
P6-6 10.51 0.314 1.168 12.0 Microgel
P6-7 15.77 0.471 1.752 18.0 Microgel
P6-8 21.02 0.785 2.336 24.0 Macrogel

3.2. PEG2| £XIZ0| Microgel2| M0 O|X|= Qe 2] th FFH|ZE PEG 20000] 88.8%¢]1 P2-10)A]

BaEo] 10,00021 PEG 1000022 v} A
S s Btk 2 AFE Table 20 e

Polyol&
microgel =
5=

Table 29] Ax= X PEG 10000 : THMPS] & ©
7} 3:691 P10-29] 7Z-$-oll= microgel®] LAHAT &
H] 7} 3:821 P10-39] Zd-$-oll= microgelo] AJAA] &
otk <ol A<l PEG 60009 7% Hlws] =W
PEG 60009] 7-¢-ole F%HE PEG7} 83.8%%Y W%
microgelo] AoJH =] oo vl PEG 100009 73
ol FZHE PEGZ} 87.2%1A4] microgelo] o)A =]
2ttt o] A3E= PEG 6000°] PEG 100005.th micro-
gel?] A ol= o afdolgte AE B FLk

PolyolS ®AFo] 2,0009]1 PEG 20003 AM&-3)A4
microgelS ¥ KUt 1 ZIE Table 39| UE}
Bsa=

Table 3¢] A3}= X PEG 2000 : THMPS] & H]
7} 3:0.291 7421 P2-19A]= microgele] AAH A|TH
E HI7}F 3:0.591 74991 P2-29 A= microgel®] ¥oiA|

—_

=

£ microgel®] FAHOH 86.9%%] P2-2914= micro-
gelo] QoJA|A] gktth. o]F A PEG 2000 “Fth 2o

Z THMPE o}F w& E ulE kAR S wovt A
- microgel S S F AUAATE o]g AMES Sho] F
Aol ZAyto}l wlws] B PEG 2000 PEG 6000°]
1} PEG 100009 HI3] microgele] Aol AR &
gx 225 e 4 Aok PEG 20002 PEGY Zo]
A0 microgel®] Aol FESHA Rttt @
Aok 371A19] PEG FolA PEG 6000°] 7}
ADRE Ho] F9om PEG 20000 7FF EA

A3E HERR A

2 o ot X

flo rlo

§

3.3. Monomer2| ™M ZZ7} Microgel2|
= g
7Y S AHRE HAF P62E V|EOE 3o F
S5 2~4Hl2 F7HAA 7FHA microgelS Y5
Xyt 1 AFE Table 40 e AT
Table 42 232 BW P6-29] Fxd 3u|S F7HA

gdoll olx|
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Figure 3. Relative viscosities of the microgel solution at
25°C in MEK during the reaction (P6-2, P6-3, and P6-4).

71 P6-79] 749-9l= microgelo] FAF AT 42 F
771 P6-82] 7$-9ll= microgelo] & Al E A %L?l":}
o] Az2RE 27} o A%l mlcrogel— Ao WA
AYE =9 F Ae T F7IE ZE monomer F
T FoF 18% AES AR ATt

34. U2 A[ZH| 2 Microgel 22| ME H35|
Microgel-S /g3t 8- ZFoll o
55 dolr 7] st A J/P‘q"ﬂ’ﬂ THMPE #H7}t
3 200 min®l] ©]E W7FAE 20~50 min HE L
200 min ©] %o+ 100~200 min +ASZ 1 mLY %
AS FHgh E]'*O‘ o] A 9 mLe] MEKE H3l] microgel
dg wE & —r Ostwald viscometerS ©]-&3}e] |
3sle] Bk P6-2, P6-3, P6-42] 3717
7}E Figure 39 YER AT
Figure 39| 232 B P6-29} P6-39] 74§ uhs
o] A|Ztx1 utE2 SRE HE7F 343 FUHEE B
T At} ol A= F7l= PEGSF THMPZ}F 7}HA]
31 $J+= hydroxyl7] ¢} IPDI9] isocyanate”]2] WhHg-of 2]
3] urethane 717} FAZEHHA T wEgo] IPH o
Ao AAWEA Uehus Adolth. 1} oY%
Ax9] F7Fhe A4 $ 40 minBHH HFA =
H 23] 70 min FHHE HE7F Histe @dol
yUetdth o] 32 HEE microgele] F A EHTHA HE 9
Fa7b ERkE 7] w22 dAEe] FAdol A
AAJN HEE FAEA717] wWFolth ¥hg A7 &
100 mino] AYHA= o|Hs HEe] A7t HFA
=™, 283 150 mino] AW o]A] ©A] Frlste
S YeRdth o] AL microgel YA A o] o=
AE BYUAA tA] AAI3E] §EEo] FldE o] {ix}e]
a77b F7yskr) wEe s d@dtdnh ey o]
AAF Z719] F7F= 300 minS ABIZE oA 2F 7
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Figure 4. Particle size distribution of the microgel at 300

min after starting reaction in case of P6-2, P10-1, and P2-1.
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Table 5. Particle size of the microgel at 300 min and 600
min after starting reaction in case of P6-2, P10-1, and P2-1

(unit: nm)
Time (min) P6-2 P10-1 P2-1
300 200 230 150
600 170 200 130

254 "ok o] A& obvl:E microgel WH-olA 7}l
ZAgte] o APHo] YA WE ZopAWA LeR}
E @gos Hojdn ojgh ge] Akl step w7
=9 FTFAAANA e Hd=e HAXAHA F7t
7} microgel®] Y Folle A Fes F HY
i 3

P6-42] o"l“oﬂw— A%7F 40 minol A ®FE =it
7} 70 minolA AE7} A 2718 dAS Bt
ol AL ellA A8l microgelo] FAEH™ A
=7t Aashet o] A$-oll= microgelo] A E A
gorz Hzrt fihshe A= " yehdA
oo Ao FrrdEh

L

3.5. Microgel?| H# X} 37| &

AR =27 SA7IE o8l FAE microgele] =
715 BEAIZE & 300 mino] Al Fof FAdhe] B
*kth. P6-2, P10-1, P2-19] 37}A] Af-Ae AHRE
Figure 4o YeRNSIth 283 600 mino] A F-of
= A H microgel ] EL7]E ZR35Ped 1 2FE
300 min®] A Fo I Ao} A Table 59 &
2ttt

Figure 49} Table5e] Z¥E HWA P6-2, P10-1, P2-1
2kz4e] Z4-%-o ®BEg ¥ 300 min®] Auhs o =43
microgel®] Z7|= Z+ZF HH 200, 230, 150 nmo]ATh.
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a2l ¥3 AlZF $ 600 mino] A thsoll SA %
microgel®] Z7]= Z+Z; H 170, 200 130 nm®] T}
o] Azt= o] HAE SAA A2 Ao} vuws] B
4, P6-29] ZB-elM 300 min T,] ARH=7E 1110
oAt 600 min Fol= FHIET} 1.0962 o3l
e, dM= Ayt xe] FAE microgele] ¢
Zbe] Ax7 o SebEA UeEue d4e= A7
Hoh S U§ Ztart 9 J&Eo f4zke] =277 2
oA I HELE HolRe Ao R wuHn

2E A3E FFse B 9| microgel] 34l PEG
7F wfg- F8% 9FE dtal e AR ATEH
o] 9] microgel®] Aol I A H microgelE©|
ME FXA FA stal Jokal FF

4.4 8

ATl A= PEG, IPDI, TMP 5% o]&3t] &
o} Z=3to 2 polyurethane microgelS FA3FAH A
3t PEGS] EAFE-2 2,000, 6,000, 2331 10,0000] 1.2
w o] FollA] PEG 60008 57t 7MY =& AHE
YEeR T} Microgel®] & Aol PEG7} of-$- 8.3 o

S 3k s ¢ 4 der, 43S microgelS
SEMO.Z ARl 52 RS 3u Y, A
7] 4712 =743 microgel®] Z7]= AFE3F PEGS}
242y o] formulation®l] wWEbA H 130~230 nm A%
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Atk Microgeld] &4 73
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