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Abstract It is necessary to recycle and reuse waste paper for preservation of the global environment. Instead of a
solid deinking agent, liquid deinking agents have been made using various fatty acids with EO/PO added for higher
deinking effect. The removal efficiency of ink on waste paper was evaluated by the ERIC and brightness properties
after processes of recycling pulping (sample composition ONP: OMG = 5:5, concentration 15%, temperature 45T,
pulping time 20 min.) and flotation (concentration 1%, temperature 45C, air flow 7 L/min, time 8 min.). Also, the
ink reattachment of paper was evaluated by hyperwashing. The results show that it is effective for mass-preparation
to saponify oleic acid with KOH at 80C and to add EO/PO. This deinking agent was used in a paper plant, and
we evaluated the brightness, color, and ERIC. The deinking agent showed excellent performance.
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Table 1. Recycling of Waste Paper in Korea

A&l aFAe] 84S Arehr]e olEE A

Aoltt. anz = oL

%A Sioh

R-CH20H ——,

EO/PO

Forete

/\/O\[\(\O/]K/[/\/O\]V\H/\O/];H
CH, CH,
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1999 2000 2005 2006 2007 2008 2009 2010
Recycling Ratio(%) 43.4 59.8 71.8 75.4 80.8 83.3 89.9 92.7
Recycling Amount
1,875 5,003 7,086 7,455 7,998 7,902 7,851 8,857
(1,000 TON)
Recycling Value
2,515 10,357 13,265 12,665 17,109 25,419 18,583 26,417
(100,000,000%%)




H2) ALE-E WY FEAY A= ¢ IFHE EEEA

0

I o

R OH ———=

R

0

JL(j" Na- == RJL

Fatty Acid Na- Soap

Fig. 2. Deinkimg Agent , Na, Ca-

bl Quisom o A ofFo

ol

2 3o

gt sl Aol SEE A

soap type

o AR type] 2EAl= ‘QH&@QE 7+ iE}~

S YA =, AT Welld oFEe] avs 2
H}alr] YaAE FAY EASE Cadt kel

Ca-soaps ¥dsfoft ghri{7].
Ca-soap?| 7% &=5717F
AAsk o AFAd S 2 s gkl g

227 48 AR BAE

typed] &A= ZHE
200ppm A Eo] Zgpolo] EAjsfolrt gt

33} ko] ol XFHSFE bAste] drel a1
A EE FAS FES Sslshs 257t vl =of
ek w3k Ja YL AeEy 7 E A Fo
E1 B¥Ae ik vhiE B¥3 A uike) vlg
o] Tow AALEIZ {27} 7FEsie i deElet s
2 £ 227 opxith A T dojx|=
W 7E A&Ho| 713 At typed] BEAIE 7}
Aol A@3 Holx|gk EO/PO YL EHEA R} AL
o] Wil aA O] ES Ballshs FHAQl A
7b dasite wRel Ark[l, 3, 8, 9, 10].

B Ao ME Al typed] SEAlY] 1F dae
7l EO/PO types E3sto] o] BEAE Axs},
AA AR A} EEFA AdFHES Ak

2. A

2.1 EEH M=

23} X4 Lauric acide} #2323} 2|4t Oleic acid

717t ERfelel v BRAl] B3E

Fepno] FH4e Lo Ay
=
=

1L = 1"
T2 E¥3} A4k Oleic acidE ¥al

NERLLT

"‘} Lauric acid,

A 715 2

731

2 Ca L »
O_Na+ — 2 R 0 Ca

Na - Soap Ca - Soap

£ 75T ol SEA AHmks =Tk
12]3 NaOHE %34 dolr}
o AgtE Aoyt HEHoR Ao {3E I
A37F $rbd EO/POSH 1 919 7S
& SNAT.

gl

Fig. 39| @54 4 £ 742 Oleic acid + EO/PO
2%&(A, B)Z} E/PO type 135(C), Lauric acid + EO/PO
1Z(D)°lth. A= Oleic acid dH3e] dhafo] 30%0]1L B
£ Oleic acid 2] 20%°]t}.

= ONP : OMG =5 : 5& 2489,
g o] g3lo] 15%9] T2 45Tl 20%
B 2 AET 300ppmeE A3,
JAaYAre] A&t uhElel Ag WAE e Hoo

Flotation ¥4 % 1%, % 45T, air flow
7L/min®]™, 81t W3t B ¥ Flotation 374
A%.2] A]2Z TAPPI Methodoll £178}o] padz He
o4 ERIC(Effective Residual Ink Concentration)}
brightnessE F43te] J39 AA &S Hrl8IATh
T3 hyperwashing 52| ERIC#} brightness& =73}t
of Y] AFF AR5 Zo] Prstith



LERL TPt

=E2X A7d A6z, 2016

2.3 oM EF2E| CHZER|E SAL ARl F2AVIE o8-8t padE AAtsta, A
AYAH GmA Az Ao uhe} P Az gw o WAR SHV|E o8ste] 77k wiAes S48
Al AEAAQ (F)AZe ~ol|A] o] FoAL) T A Th @R AFLS AN EEA £ AE blank=
250 91t 3ton 8715 AREEle] BEA 1 tong A L FUF SALL S A 4xe] AEE AAskaL
%319t} 98 Oleic acid, Lauric acid, EO/PO, d7}  pads AlZbsto] WAl SA8pgln). = ojn)x] 45
A Folt}, wukrle] AFE WA v wle)e gt ol pade] WS NS SASRIE WS Fole]
o] 2E2 80TE &8 the, A uake Eolett), wur Al F FFES v M, Afe]=o} AL T8
3}‘?_41 OHZ AA38 Fste] HABAZLE 2hr Wk 3 8<loth
3 BO/POS}t 1 9 HIMAE TEsle] A%3HS A A flotation AT Y7L FTEE 1.46%0°]3L, pHE
9.80|Utt &5 AH2AL FE 1. 46%, pHT 9.8°]%0
2.4 MXEA HEBY HENS 28 FALE 1T, airs 25 LPMISIH. G512
JE oMA SRRl AuE AJANES wmade O SEoIH, GEAC] FRIFE Al FAd el
Q&) A F|AFe] A 7HEE] DIP 34 F flotation A FH FL3H 4.5 kg/ton ©]UTh
Adel] 55 FAdsirk. E5A FUF 29 347
E] DIP &7 Wlo] ZRIEW Aas AR 335t
padZ wHEolA] Zzte] 34 Sl uel wAlze] Ho] 3. Zat A uF
g avngd. 9uE ARW re 94 ¥ DG,
N _ AISIAl EFD = (4= EAM
flotation -7, flotation &7+, M/CZ & 4301, A|X]| 3.1 dd 2=H mizst E=Xa S
Axd3 AF Fig. 45 BH, 954 DE A9 74
600 130
mA LT
500 °
. |08 *3
< 400 L] c T 128 + C
o o
2 30 o0 Iz o
g g
Z E
w 200 w126 L
100 B
0 124
545 55 55.5 56 56.5 37 373 &5 65.5 &6 66.5 67 67.5 68 68.5
150 Brightnss(%) 1S0 Brightnss(%)
Fig. 4. Brightness and ERIC of Pulpped Entire Stock(Left) and Hyperwashed Stock(Right)
250 104
u + - 102 -
200 L L] " +B
100
E 150 ¢ E o ¢
U“- oD Uﬂ- [ 1)
Z 100 z 96 A
94
50 a2
°
0 S0
615 62 625 63 635 B4 B7.4 67.6 67.8 68 B68.2 B68.4
1SO Brightnss(%) 150 Brightnss(%)

Fig. 5. Brightness and ERIC of Flotation Accept Entire Stock(Left) and Hyperwashed Stock(Right)

732




§- H3 ¥ pad®| ERICS =3 WAET} v opYS 3.2 =M HEgH= 33
BRIt} o712 v g5 Aol sl Fg A o] v A Ak B R o) tgA|ze glo] 1 EQE BB
sp7F tha pesty] woletan Azt o] AU §3IAA s Al7)= 2ele|glon, 7
Fig. 5914 hyperwashing¥ pad2] ERIC #to] A koA W), AL o R mwute] BQsgit) Hee
A vehd Zlow Kol AR HEAl BF A A wrh 75T o 80T o|mE F7]7F Bl Bt AlE)
FAo] dojd whF SHo] A E @& AR HoW  mnyl ol 4 gong Zy|g AAEE S H|
t}. Flotation 7, ¥-¢] ERIC 4§23 954 A D7} gjof sic)
Hlszabi A 7 Ao, GEAl B7F 7P S ekt THEoj R AdAte] BEAIE 0T olstell A 3U7E WA
(11, 12]. ato] AFEe] AL At FEIY WS
 Fig @1 Brighness SHEE SA B} ol stont Ao} Sk A A} 0k 7
b, 0 gEAEE n5E) etk B5A DY 2o 2o o2 Ao AN AE Aol ek
75‘-?01]% g3 mEsE 27] MARZE St y)ee] vre AL tuE 8 AFe] Hx sjado] of
ERICO] #2go] & o= Ho} flotationol A YT 2ojxjo} 3 7oz walgln)
o e A7 mgo]l ¢ Ao A, A AEe AR AXS 9d AHAF Ad
G54 A¢k BE Bl & o, Oleic acid®] #&°l  NaOHZ AF&3le AL KOHR giA|sh= A3o] o]%
& GEAl A9 497} flowtion AF-e] MAE S7HE o)z KOHR Hehile-2 dlAe A 2% AF<) A
% %3 ERIC #HAd % £0WA 2 AAES] 24w} 7)Zuo 20% wobda, Aol HEe okEe
LHER . olojsl= Zlo] golstA ¥ ATt
EO/PO type© 2%t o|olxl B2 C7b AAH]
4= A7 2 2 7P 92 A5o] Wolx= A
A 2 WV =S Aol HeiAe A Table 2. Physical Property of Manufactured Deinking
o7 et Agent
Physical Property
Solid (%) 25 <
o. 24
® ° mmm Brightness S Pl'é 112.15 i00.15
@ ERIC pec. Grav. 1=+£0.
§ o8 o S o 20 § Viscosity (cps) 400 + 50
5 &
:; 0.4 g
£ s o @] 3 ton WE7|E o&ato] AR BEAI9
£ o
2 = BAe the 129} P9tk KOHE 73}eto] pHYb 27
w 0.2 S
é 8 5 e, 1FE 25%017de] AlFol AxH Ak
F 0.1 &
&
0.0 3.3 MIX|ZAl EfE X 2| E2H
A B [ D
SEA Tl M g A ke AR s S g A
Fig. 6. Efficiency of Flotation
54
52
m ——orc
50
as —m—F inlet
a6 A‘% e F outiot
aa —e— /T
a2
44 82 42 14 agd 152! 481 162! a8 17 421 139

Fig. 7. Daily Brightness at Paper Plants.

733



S| Eersl=EA) ATE A6E, 2016

A 3|ALe] g5 AgAF ol JPHJAT 7|Ed F
£ diAEt g A SEA 7t

H EAERAC} Flotationd Ao 7FE2] Alo]=a
Wst7F AT AE] Abe]Z=7F AR AL reject®] "“7@0]
HojA WA JAe] o] Fopxl RS AT +
g AL A gAY AR SAL 84S
A3}, Fig. 749 flotation 7, $ W7} 4 pointd =
=7V Aol oF 5 pointZ WA =7} | pointH = 57}

ek

2oL v o] Al GE A B AoR U
Bttt AABARIA 7 8-S sk 5ol 98 A
5 Apol= 1ol

WAl o] Z}o) 7t lof FHE AlsEe] WA

AT flotation A5 vhss
4 A8 717P01 SUAER Fro} E—J%—xﬂ 4

St A

p=1

)
2
%
o,
rE
fin)
OI

lo
)
°

o,
o

fe

lo nft 2 2

g

[ R

i au)

) %

ald =

52 >
o
>
>~
1=
-— 0

B D EA AET et A
= E3 oA A H accept?)

=
a2l - o} reject—‘l] ERIC velue, AESHEA, reject 5

o] Hell A AE R T
Blank: ©5-S 7] A 48 AAS A3 Ao
t}. Blank, accept, reject A5 ZH7} A4S HHgo=

pads A% ¥, @ Age] Fulslo] Q9 WAE =

Table 3. Comperision Results of Used Deinking Agent

4715 o] &3te] WAL color, ERICS 43}tk
A G5 7, F accepte] WALEE Bl ®ITE )
gEAE AH83 ¢ Flotation $ accepte] w4
55.290]1L, 71& E5A1Y Hf 54608 ST AFEES
ARE-SE 739-7F 0.5point A= =4 YEFESH, Reject?]
ERIC value= 7N AFS ARRES o] oF 7% % @
O]‘Z] 7~]° §]—0]’?‘_:1— e lgj\q

[e]
N
CIE L*a*b* 4| %{P"ﬂ*ﬂ L* 32 9718 vepdit

3:0
[o Fﬂ m’;‘z rE

Witk o] 4ol

kil
LUSATATR: e ‘l%%l Azoltt, p*e vy} vhahs
2F
()

eI pro] S4eoldl Take] o pro] Ghroln -
oI},
AEAE W) opel HEAES] A ALEA

QUAEA ol A3}
o] AL 730 YAE FHAA 7]k}
A %’ig Xﬂﬂﬁhﬂ E]EE 7]§£°}X“é o] reject-‘fl] 3

=] w}ﬂ‘r“

Flotation3

TH13, 14].
FRE7k Sok ash & WA °F 0.7%7} Wﬂ L]'E]"fl'
A Agol dig AFAANE SR, accept-‘l]
WA= =g el WhE AE9] ¢kAlo] Fo}
reject?] EFO| 5 WOlAHA reject?] ash ~&©°] oF

q
3t ‘%‘OW\E} Zﬂﬂﬁ/\}‘)ﬂﬁ FEol vtow dne| &4
E

a3
Aol met @7}11]9] Sekoll whet ¢
J

A%} Psatn g0 28 9

Odinary Deinking Agent Developed Deinking Agent

Blank accept reject accept reject

Brightness 47.68 54.6 28.62 55.29 34.62
L* 76.04 81.16 60.73 81.68 65.99

a* -0.04 0.21 -0.96 0.23 -0.62

b* 2.82 4.66 0.56 49 1.06
ERIC(ppm) 582.09 233.8 2654.53 218.59 1700.53
Reject volume(g) 208.7 301.0
oncentration(%) 2.94 242
Ash(%) 60.24 56.7
Yield(%) 96.5 95.8




A e A4 FEA Ax B 3

BYHg BES

oX

g WY GEAE 2
QIEZE Oleic acid®} Lauric
= 7]_5‘}01 oﬂ)\l— El—‘:’ Xﬂ ]

ZHYE goln

AGAA R Rk ofuel A TN BEAE
o= Xﬂ}j}l’, AA 1 BALe] SEErg el A&
4 7¥etadeh. A BEA o Az A

Q3H, NaOH Xt}
KOHE AH&she= Zo] Aol Yopx|ne urte] &&

A dEAS AR dF H8F A
Flotation ¥, Accept®] A% 55290]3, 7]& &5
A 54.60% AT AES AR 97} 0.5point P&
=7 JEbtom, Reject®] ERIC value: 703 A|1ES
AREES W o 7% AR wrolxl AE E1E 4 ATk
Aol 5 71Eel A5 FHAA VE
A YAE AASHE 7| Alo]2e] A E o Fot

A

Flotation &

I

2 A=
% EO/PO 70%Z
3ol A HA e

30%E KOHZ HsHHE-AlZ
Y g GEAT A A
SHEAS Uehigl

Oleic acid

References

[1] Tae Jin Eom avd Soung Bae Park, "Development Trends
of Deinking Agents", Prospectives of Industrial
Chemistry, Vol. 5, No. 3, pp. 11-16, 2002.

[2] http://blog.naver.com/PostView.nhn?blogld=myob0&log
No=130051981808

[3] http://www.paper.or.kr/n_environment/environment 01.asp

[4] Suk-Hyun Kang, Jung-Myoung Lee, Soung-Bae Park,

B3]

[6]

(7

(8]

9

[10]

[11]

[12]

[13]

[14]

Tae-jin Eom, “Recycling of Waste Paper with Alkaline
Cellulolytic Enzyme(lI) - Elimination of sticky
contaminants and bleaching of recycling pulp”, J. Korea
TAPPI 36(1), pp. 30-36, 2004.

Zhao, Yulin; Deng, Yulin; Zhu, J.Y. “Roles of
surfactants in flotation deinking”, Progress in paper
recycling. Vol. 14, No. 1, pp. 41-45, 2004.

Lee, HLL., and H. Ryu, "Neutral deinking of old
newsprints contaminated with flexo ink - Evaluation of
the deinking efficiency of two neutral deinking agent"s,
J. Korea TAPPI, 33(1), : pp. 9-16, 2001.

M. Rutland, R. J. Pugh, "Calcium soaps in flotation
deinking; fundamental studies using surface force and
coagulation techniques, Colloids and Surfaces A",
Physicochemical and Engineering Aspects. Vol. 125, No.
.5, pp. 33 -46, 1997.

DOI: http://dx.doi.org/10.1016/s0927-7757(97)00008-3

Gary A. Smook, “Handbook for Pulp & Paper
Technologis", pp. 44~55, Daehan Textbook Press,1996.

R. D. Haynes, "The impact of the summer effect on ink
detachment and removal", Tappi journal , Vol. 83, No 3,
pp. 56-65, 2000.

Ki Dae Nam, "Industrial Applications of Optimum
De-inking Agent by Waste-paper Recycling Simulation
Technology", J. of Korean Ind. Eng. Chemistry, Vol. 5,
No. 6, pp. 917-924, 1994.

Vahey, D.W., Zhu, J.Y., Houtman, CJ. "2006. On
measurements of Effective Residual Ink Concentration
(ERIC) of deinked papers using Kubelka-Munk theory".
Progress in paper recycling. Vol. 16, No. 1, pp. 3-12,
2006.

J.Y. Zhua, F. Tana, K.L. Scallona, Y.L. Zhaob, Y.
Dengb, "Deinking selectivity (Z-factor): a new parameter
to evaluate the performance of flotation deinking
process", Separation and Purification Technology, Vol.
43, No. 1, pp. 33 -41, 2005.

Azra Metes, Natalija Koprivanac and Antun Glasnovic,
"Flocculation as a Treatment Method for Printing Ink
Wastewater", Water Environment Research, Vol. 72, No.
6, pp. 680-688, 2000.

L. Lapierre, G. Dorris, J. Merza, R.D. Haynes, C.
Chezick, J. Allen, G. Hill, "Mill trials on near-neutral
sulphite deinking ; Part II DEINKING", Pulp & Paper
Canada T 49, 105: 2 . pp. 47-50, 2004.



S| Eersl=EA) ATE A6E, 2016

M & Zl(Yong-Jin Chun) e

Y

]

019943 29 : ;s ik
slelgst (FgaAh

e 1987 7€ ~ 1994 29 . g
7871 AT A(KIST) A+

*1997d 3¢ ~ dA . AHustw
sPgE et wg

<HA ol
7184, sEEsh AR aA, FRet
A #& H(Soonyoung Soh) (3§

©1999\d 29 : FHSL Ty
g Fsisty (FEkEkah
©2001d 3¢ ~ 20124 3¢ : 33}
Amz A-dd

2012 12¢¥ ~ 2014 12¢¥
Dept. of CME, UDSM(Tanzania)
Advisor

02015\ 4¥ ~ AA| . ALt
sPgE e Fag

4

F71edstel, seked, AAYNAA, SFsFekAlE

= A 9|(Sang-Euy Hong) [(Hsld]

e 19849 29 : Wxdistal Fd)
g slkgsty &9 (33rh

e 1986 29 . aHUIg ikl
slekastat (F3HIAD

019873 3¢9 ~ 19923 1€ : i3t
4 1A

©1992\d 29 ~ 2003 29 : (F)
AR AL A%

02005d 79 ~ @A : (A= dFE)AL

736



