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Oil Absorptive Properties of Polypropylene Knit Fabric
Treated with Oleophilic Acrylic Resin
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'Department of Fashion and Textile Engineering, Chungwoon University
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Abstract Two types of oleophilic acrylic prepolymers were prepared by the solution copolymerization of either ethyl
acrylate (EA) or lauryl acrylate (LA) with hydroxy ethyl acrylate (HEA). For the formation of oil-absorbent materials,
a mixed solution of the prepolymer and hexamethylene diisocyanate (HDI) as a cross-linker in toluene was applied
to polypropylene knit velvet fabric through the conventional pad-dry-cure procedure. The gel fraction of the
crosslinked resin, EA-HEA-HDI, increased with increasing feed ratio of HEA to total acrylate or HDI concentration.
The oil absorbancy and retention ratio of the prepared materials were compared according to the add-on ratio of resin
to fabric, and were assessed with n-decane, toluene, soybean oil, lubricant and bunker C oil as test oils. The optimal
oil absorbancy of the materials were observed at around 6% of the add-on ratio for all these oils except for soybean
oil. On the other hand, the oil retention ratio increased as the add-on ratio increased. Futhermore, heavier and more
viscous oil generally showed higher oil retention ratios. In addition, the oil absorbancy of the materials treated with
LA-HEA-HDI resin was higher than that treated with EA-HEA-HDI resin, which showed that the acrylic resins are
more absorptive with increasing length of their side alkyl chain.
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Fig. 1. Reaction route of oleophilic acrylic resin
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Table 3. Effect of resin add-on ratio on porosity *
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Table 2. Reaction Condition for the Preparation of
Acrylic Prepolymer”

M,

Y mol%)”

Prepolymer Yield T
EA / LA HEA (%) (dL/g)

99.75/ - 0.25 85 0.46

99.0 / - 1.0 88 0.51

EA-HEA 98.0 / - 2.0 86 0.45

96.5 / - 35 91 0.52

95.0 / - 5.0 84 0.43

LA-HEA - 1965 35 87 0.48

a) (EA or LA)+HEA=1.0mol b) Based on total acrylate ¢) Measured
at a concentration of 0.5g/dL in THF at 30C

100

g a0 -
< 80
8 HDI/HEA
° (mol ratio)
g 704
= / ——0.5
o 60 -—~1.0
L] / —i—2.0

50 /

40

0 1 2 3 4 5
(HEA)/(EA+HEA)[mol %]

Fig. 4. Effect of HDI/HEA mol ratio on gel fraction(%)
of EA-HEA-HDI resin

Padding Pressure

s b) e Lm0/ _an(0 .
Resin ~ Composition (Kg/cmz) Pick-up(%0) Add-on(%) porosity
1 71 13.6 0.48
2 63 12.2 0.53
4 .4 .
EA- DI 3 5 8. 0.59
4 33 6.1 0.69
5 20 38 0.73
6 12 2.3 0.75
LA-HEA-HDI 4 31 6.0 0.70

a) Velvet: PP 120/24, porosity=0.76 b) HEA/(EA or LA)+HEA=3.5mol%, HDI/HEA=2.0mol ratio c¢) Resin conc.: 20% o0.w.s

532



A4 ot2d $A2 AHeld Bezzud Bxge 3% 44
Zhust A veple Aot dutdow stwa 0769 WsiAE A AASAE g Ao Uy
FUYA HEAS] FYu} 34855 T4 shadle] o
L7t VSR SUVel A, 53] XA acrylate 715
HEA2] molH]7} 3.5~5%°l S1oIA, 7FulA|ql HDIC|
AR&-#ko] HEA molH] 715 211¢] 497} Al <F 100% 14 . . . .
AAe) AREE deglth o) Aee] 9% w5, AT
el AAHAN 1957 Mg By w3 [ e -
oA F& e = A5l Hlgl o] & stdakl 0.59) o] £ o o 0
ol Ha 2ui7kA] 7huA|e] FQiwko] AL F AL} kA E s —o-LA-HEA-HDI (Toluene)
1 oJstE Astert AstderE e dd g Aol < °f
- - = -8-LA-HEA-HDI (n-Decane)
Ak S7vet] S & tueA Y fEgel s 2 o 4 -O-EA-HEA-HDI (n-Docane)
fr&o] At 53] W52 R ARGE Al whzke) o 2 : ‘ ‘ ‘ : |
S5t AF2Astel Aol ZA ASHI0.11]5H] 0 60 120Time(:::1nme) 240 300 360
AHE T A7 gt BA7F S S Ao
A AREAS) FRAR W Fi5e) ual mg s 11O 5 Fieet of ofl dbsorpion time on ol absorbency
o YERHRATE n-decane} toluenes AR&-3}e] 20Tl HDI/HEA=2.0mol ratio]
N 7t 2AE FHA mE Fse S8 1)
AFE lauryl7] S 2= LA-HEA-HDIZ} 22 A ethyl 3.3.2 #X| 2&g0| 7322 K0 0lXl=
715 %= EA-HEA-HDI 2t} =2 F85S e I
ou, ol= FAUW HF71¢] F7tel o3 sl St A4 A2 EA-HEA-HDIS Alg-3te] ol
913 Ao AetEw g 2% acrylate 7FulTAS]  {FFE QlojA] A RG] 2 S R
7+ edoll st 5ol tigk 12,1310 wEd o P& 9GS Hrketal 1 A3E Figure 6, 79
WE SigtEo] ALY E Boh & Fes B 47 UEIGTE AW o giFR-E AlQstae ALS
Utz Rasta glom, 2 Ao Qloj T toluene  H RE QUd] AH Ffsol nAE HAo RAge
°] n-decane .ot FH o2 ZF7hE FH5S EATE oF 6% WFERGITE 12y FArgo] BS FUEHAl o
A FRHAIES 60o el wEA FH7F IPERe W, {5 tEEe VF¥EE A #asgey oF
W 1800l el A 23} Ffres UERAITH FEE] 9] Fud 2ds R e Tl &
o) EA Ho] AdfFAlolel| AR EAletE &Y Yol
3.3 ZRIIEA XM2=o| wE JIBZES | A& ® Aol Fies Al U4, 14)1e=
SR Eagl=1
3.3.1 =X| £&&g0| 7I3=0l 0|X|l= S
AF718E polypropylene 428 FALZ A&7 : ,—
velvet AAES AHgagom, Helazdo] he 54 5 g s ———
go] 7)1 %] WA QaS Table 30 A st 3‘;- N o T~
ABEE A B UAS F08 AA4Isel  § | P T
o, 2 490 glolq WH7HE 20% owsE AP § 4
& 7% APgteo] Zuhsel Wel Wgo] %A 3 s - tapbeann
TN 2T ol e RAgw 23%dlx 2 a0
13.6%7H4 x4 oz ZFrlatnh @ ozl 7k b 2 1 6 8 10 12 14
o) 7|FEE FAEo] ST E adte FES UE Add-on(%)
HlaL glovt 2hg of 6% k= 7 122 VI8E Eg 6 Effect of add-on ratio on oil absorbency(EA-HEA -HDI)

533



FArsly|&akel B AT A2E, 2016

=CO~Bunker C 0il
=+ Lubricant

Oil Retention(%)

=i—Toluene

6 8 10

Add-on(%)

Fig. 7. Effect of add-on ratio on oil retention(EA-HEA- HDI)

o Tl wEh FHAFEE FIIEe
slol| o3 2 Fx)9) AHuTRE Q8
gzl bl Ao WEHo
Aol s FA DH7t HA
7t 714e Aoz A7

=

re 7

o)
=
tt.

N

o

3.3.3 X|o| ER0 mME JBH| FE
O|xXl= F&
ofm iAol & X$hA7} ethyl”] 9] EA
g EA-HEA-HDIS}F )9 lauryl 7]
sle] 9L LA-HEA-HDI FIEAR 3

Az

=
g 7=

i

2

2y

velvet H Iy
o AL FH5

Figure 8, 9l “EIiTh

-y
N

s EA-HEA-HDI
oLA-HEA-HDI

oy
=)

Oil Absorbency{g/g)

S N A ®

n-Deacane  Toluene  SoybeanQil Lubricant Bunker C Qil

oil

Fig. 8. Effect of resin composition on oil absorbency
(add-on 6%)

L=e}

Ak o2 FH5e ol 4=x 24 LA-HEA-HDI
7} EA-HEA-HDI®| H]3lo] A Vel on, o
A9 244 42719 NEaH2 Qs A7t

[e]
pid T
7K Ao 71| Aow dudch dE FRAEl

L
L

PN
A

o,

534

SelAs AR as nHE o] B4 S7he
HA-gg Hehllom 58] w& SAEE 2 W
o] 45 o5 aLwArete] EARE gzl ol F7H16)8)
of Ao w2 #e vehd AoR AztEn
a0 sEA-HEA-HDI
88 OLA-HEA-HDI

0Oil Retention(%)

Toluene  Soybean Oil Lubricant Bunker C Oil
0il

n-Decane

Fig. 9. Effect of resin composition on oil retention
(add-on 6%)

4. BE

A4 acrylateQ! ethyl acrylate(EA) 22 lauryl
acrylate(LA)$} hydroxy ethyl acrylate(HEA)ES &%
ol o3 FEFete] HA AFTFAE A 5
o}7]el] 7} LA ZA] hexamethylene diisocyanate(HDI)E

A7 wigela, ZelZ2=A velvet HEEo A<

pad-dry-cure™j el 93] FA7}E-S HAlste] Az
of W& 7t ZhE ool uis f-5FAe] Hels

P} 349

3t velvetH 2 &
2 A9l polyester HAF=2 AZH
3 AHE 2do] A5 A
T3 o, meshA A E9]

71 Cf-oll A= velvet

1. Polypropylenes Al

e

Ht o
oy fo gk

it

=
jat)

=S

jur)

oo
o Jo [o

2

)

I
o

il

o
o,

s
I
i
=0

N 20 o i orle

off & o
o

1o

FH

o
fru
>
jat

=

i

o

B
&
2
ol
oX,
i
o
I

of!

o
o
i
o
=
32
i

:}-(D?
I o

i)
o
H
l

)
=
2

o
fr

i)
r
Ju
ki
o

SHEAQl HEA ] ARME-&Fo] 57}
HDI¢] F4R7F S71Ess S7tst =
acrylate 7|5 HEA 2] molH]7} 3.5~5%°] 1o
Ale] AHg-Fo] HEA molH] 715 2vl¢] A7 Ao o

o
AL,



2

44 olmY 442 Heje Eemz

2}

e 2o

jok

4

]
T

B4

100%7F4] & Ast=S YeRfATE T3 lauryl 7] S
+ LA-HEA-HDI7} ethyl”]& Z+= EA-HEA-HDI XU}
Sfres UERAoH, | toluene©] X]“J =
n-decane HU} AjFow F7ld FH5E B
A & ]7P-°— 60iEol ol w2 A Ff7t &=
180+-© st RS HERSIT

ol s

ok

=0

3T

g

|

\_

ftl

|

A=

o[-
|

B ke
)

Eds

B
o

o e

=]
\=]
£

I—ﬂ_

)

rr

N
-

aus Olil o>~
&2 oyl

i
o=

02
32

N

ol

=
=2 o
.—\1

U

o

- rt:l

oo H

o
o
e o

1-0

>~
=

[o
o ol:o i lo go w

_13 )
td

2
w}ﬁ‘r <7Fsk3l
EA-HEA-HDI®| #]3lo] =7
SolAE AR anle IR 29l
7he FRAEE HERlth

2

ERste.

)
X

:10
of

References

[1] S. K. Lee, S. H. Kim, K. J. Lee and K. 1. Shin,
“Functional Treatment of Recycled Ultrafine Fibrous
Nonwovens”, Textile Sci. and Eng., vol. 42, no. 6, pp.
370-375, 2005.

Y. H. Lee, J. S. Kim, D. H. Kim, M. S. Shin, Y. J. Jung,
D. J. Lee and H. D. Kim, “Effect of Blend Ratio of
PP/kapok Blend Nonwoven Fabrics on Oil Sorption
Capacity”, Environmental Tech., vol. 34, no. 24, pp.
3169-3175, 2013.

DOI http://dx.doi.org/10.1080/09593330.2013.808242

J. Wang, Y. Zheng and A. Wang, “Effect of Kapok
Fiber Treated with Various Solvents on Oil
Absorbency”, Industrial Crops and Products, vol. 40, pp.
178-184, 2012.

DOI: http://dx.doi.org/10.1016/j.indcrop.2012.03.002

H. S. Shin, J. H. Yoo and L. Jin, “A Study on Oil
Absorption Rate and Oil Absorbency of Melt-blown
Nonwoven”, Textile Coloration and Finishing, vol. 22,
no. 3, pp. 257-263, 2010.

DOI: http://dx.doi.org/10.5764/tc£.2010.22.3.257

(2]

(3]

[5] R. S. Rengasamy, Dipayan Das, C. Praba Karan, “Study
of Oil Sorption Behavior of Filled and Structured Fiber
Assemblies Made from Polypropylene, Kapok and
Milkweed Fibers”, J. Hazardous Materials, vol. 186, pp.
526-532, 2011.

DOI: http://dx.doi.org/10.1016/j.jhazmat.2010.11.031

R. D. Lelaune, C. W. Lindau and A. Jugsujinda,
“Effectiveness of Nochar Solidifier Polymer in
Removing Oil from Open Water in Coastral Wetlands”,
Spill Science and Technology Bulletin, vol 5, p.p
357-359, 1999.

(6]

[7

8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1 A. M. Atta, K. F. Arndt, “Swelling and Network
Parameters of High Oil Absorptive Network Based on
1-Octene and Isodecyl Acrylate Copolymers”, J. of
Applied Polymer Science, vol. 97, no. 1, pp. 80-91, 2005.
DOI: http://dx.doi.org/10.1002/app.21735

Y. S. Shin, H. Y. Cha, S. S. Park, J. W. Woo and J. S.
Choi, “Oil-absorption Capacity of
poly(2-ethylhexylacrylate) Polymer in the Presence of
Ultrasonic Wave”, J. Korean Ind. Eng. Chem., vol. 13,
no. 4, pp. 326-329, 2002.

S. C. Chang, S. H. Chun, M. S. Lee, K. B. Lee and J.
S. Choi, “Oil-absorption Behaviors and Kinetics of
Poly(dodecyl acrylate)”, Applied Chemistry, vol. 3, no.
2, pp. 141-143, 1999.

T. Gomi, Y. Onda, S. Inaoka and T. Tamura, “Method
for Removing Oil Dissolved in Water”, Japanese patent
no. 2554428, 1996.

Y. Hozumi, T. Inaoka, T. Gomi, T. Goto, T. Uno and
K. Rakutani, “Oil Absorbent Polymer and Use
Therefor”, US patent no. 5641847, 1997.

H. Y. Cha, H. J. Jung, J. W. Woo, Y. S. Park, Y. W.
Park and J. S. Choi, “Oil-Absorption Properties of
Various Alkyl-substituted ~ Acrylates”, Applied
Chemistry, vol 4, no. 2, pp. 61-64, 2000.

Y. S. Shin. J. W. Woo. S. S. Park and J. S. Choi,
“Oil-absorption and Thermodynamic  Analysis of
Poly(laurylacrylate) Polymer”, HWAHAK KONGHAK,
vol. 40, no.1, pp. 82-87, 2002.

Y. M. Kim, H. G. Jeong, S. C. Kim, H. J. Shim and S.
Y. Kim, “Effects of Meltblown Processing Conditions
on the Physical Properties Polypropylene Fiber Web
Fabrics( I )”, J. of the Korean Fiber Soc., vol. 33, pp.
107-115, 1996.

Y. Kang and S. Han, “Oil Absorption Effects of Organic
Porous Materials”, J. of the Korean Society of Safety,
vol. 21, no. 1, pp. 86-91, 2006.

Y. H. Lee, J. H. Lee, S. J. Son, D. J. Lee, Y. J. Jung
and H. D. Kim, “Structure and Oil Sorption Capacity of
Kapok Fiber[Ceibapentandra (L) Gaertn.]”, Textile
Coloration and Finishing, vol. 23, no. 3, pp. 210-218, 2011.
DOL: http://dx.doi.org/10.5764/tcf.2011.23.3.210

]

]

St ZlHwa-Jin Jeong) [&5)9]

535

4

=

1991 3¢
71 ZHEZZL b (3
Chemlcal R&D
#1179

* 1996 3¢

SRRy

o3t 5




