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SUMMARY

Floatation process improves optical properties of recycled pulp
produced from waste paper. In this study we have carried out
experiments to understand the mechanism how deinking is taking place
in floatation process. The foaming property and surface tension of the
deinking chemicals, which are surfactant i1n nature, were 1nvestigated.
The efficiency of various pulping and deinking chemicals was estimated
using W/L(White Ledger), CPO(Computer Printed—-Out), ONP(Old News
Paper) and OMG(Old MaGazine) under alkaline conditions and neutral
conditions 1n the presence ot enzyme. The chemicals that gave the best
deinking results for W/L and for W/L and CPO, and for ONP and OMG
were selected, respectively. We have investigated chemical structure and
characteristics of deinking chemicals, which will enable us to develope
new delnking agents. We have closely observed the collecting and
floating behavior of ink in floating process to understand the mechanism
how deinking 1s taking place.

We have established new techniques to 1mprove deinking

efficiency. These new technique will allow us to produce priniting paper

from waste paper.
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Table. 1-1 Pulping/deinking chemicals for deinking of mixture

( W/L : CPO =1

: 1)

Neutral conditions

ILxp. - -4 - u
No. Alkaline conditions Without Enzyvme With Enzvyme
1 Akali 0.3 26 Na-salt 0.3 96 Na-salt 0.3 s, C-1 0.1 26
C-1 0.1 % C-1 0.1 % En 0.05 %, OP 0075 %
9 Akali 0.3 ? Na-salt 0.3 26 Na-salt 0.3 2o, C-2 0.l 2%
C-2 0.1 / C-2 0.1 % En 0.05 %, O.P 0075 %
3 Akgli 0.3 2% Na-salt 0.3 2% Na-salt 0.3 9256, C-3 0.1 %
C- 01 % C-3 0.1 % En 0.05 %. OP 0075 %
A Akali / Na-salt 0.3 9% Na-salt 0.3 926, C-4 0.1 %
C-4 01 %% C-4 0.1 % En 0.05 9%, OP 0075 %
Akali Na-salt 0.3 9% Na-salt 0'3 C-5 0.1 %
5 plalt 09 69 CH 01 % En o 0.05°9 5P 0075 %
. Akali 05 %0 Na-salt 0.3 9 Na-salt 0'3 C-6 01 %
6 C-6 015 % g OF o En o 005°% " OP 0075 %
Akali 05 % Na-salt 0.3 % Na-salt 0.3 %, C-7 0.1 9%
7 C-7 018 Y 01 % En . 0059% OP 0075 %
Q Akgli 0.3 % Na-salt 0.3 % Na-salt 0.3 92, C-8 0.1 92
C- 0.08% C-8 0.08 % En 0.05 9, O.P 0075 %
Akal 0.3 % Na-salt 3 % N It 0.3 %, CF l%CTOI‘y
s CIF 0.1 %. CT 0.19% R 5 0. 1 % En 005 % 0.075 %
10 Akali 0.3 7% Na-salt 0.3 7% Na-salt 0.3 %, C 9 0.1 %
__ C-9  01°% C-9™" " 01°% En  0059%. OP 0075 %




W/L Waste paper

(W/L : CPO : 50 : 50)
Pulping/Deinking chemicals >
\ /
Pulping 13%, 50°C, 25min
# Sheet after pulping(AP)
Y

Flotation 1096, 45°C, Smin

v
Sheet after flotation (AF)

Fig. 1-1. Deinking process for alkaline condition.



W/L Waste paper

(W/L : CPO : 50 : 50)
Pulping/Deinking chemicals >
v
Pulping 13%, 50°C, 40min
» Sheet after pulping(AP)

Flotation 109, 45C, 5min

\ 4
Sheet after flotation (AF)

Fig.1-2 . Deinking process for neutral condition
without enzyme.



W/L Waste paper

(W/L : CPO : 50 : 50)
Pulping/Deinking chemicals >
4 1
Pulping 13%, 50C, 40min
\
Soaking 40 C ~50°C.,30min
Y
Flotation 1096, 45°C, 5min
Y

Sheet after flotation (AF)

Fig. 1-3 . Deinking process for neutral condition with

enzyme.
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Table 1-2. Comparative evaluation of commercial deinking agents under alkaline conditions

Exp. . . pH Rejects Brightness Dirt Count (ppm)!{Ink Removal

No. |Pulping Chemicals 75 ) o Flotation| % |Ash %| AP | AF [ a | AP | AF | (%)

1 é_‘_klah 8:5;’ E//‘; 19-510_0 87 | 37| - 711 | 754 | 43 | 2640000 | 37000 | 9860
Alkal 8-;} 22 19-610_2 92 107! 2411 706 | 776 | 7.0 | 2290000 | 35000 | 9847

3 é}}gﬁh 8% Z//Z 19-710_5 02 | 781 236 | 706 | 779 | 73 |3380000 | 38700 | 9886
Alkali 05 % | 11.0

4 06 | 47! 27151 705 | 740 |35 | 1770000 | 6400 | 9964
C-4__ 01% | -107] | ]

5 é{‘gﬂ‘ %51 0/4) 1{-2109 08 | 1111 245 | 689 | 749 | 6.0 | 1920000 | 22600 | 9882

6 | Alkali 059 (112 | 96 | 68| 233 | 699 | 763 |64 | 2580000 | 25000 | 9003

7 é_‘_‘;a“ %—_? i//) 1{2108 06 | 68| 233 | 699 | 763 |64 | 2630000 | 17400 | 9934

g | Alkali 9378 | 107 ' 1 93 | 44| 278 | 713 | 737 |24 | 2560000\ 32800 | 98.72
Akali 03 % | 106

9 | CF 019% |16 .| 90 | 53| 266 | 714 | 768 |54 |3320000| 75000 | 97.74
CT 0.1 % | 2| |

10 é_‘_‘éa“ %ﬁ °§ 19_;_5105 04 | 69| 356 | 703 | 754 |51 | 2080000| 26800 | 9871
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Table 1-3. Comparative evaluation of commercial deinking agents under neutral conditions

without enzyme

p—a

Exp. . . pH { Rejects L Brightness Dirt Count (ppm) {[nk Removal
No. TP ulping Chemicals " i Sing [Flotation] % |Ash %| AP_| AF | A | AP | AF (%)
1| Nagsalt 0326 /85 1 79 | 69| - | 708 | 756 |48 | 1540000| 26800 | 9826
2 | Najsalt B3 Ze 190 1 82 |111] 234 | 703 | 774 | 7.1 | 2450000] 22000 | 99.10
3 | Nagsalt 032 |87 | 87 |142| 249 | 694 | 781 |87 | 3820000 5700 | 9850
. | Na-salt 03 % |87 1 os1l o o | 743 | 44 | 5900 | B
4| Q%M 8168 |%g | 84 | 51| 275 | 699 J 743 | 44 | 1930000| 25000 | 9866
o O |
5 | Nagsalt B ge 192 1 85 ] 102 | 233 | 703 | 778 | 75 | 2660000 36400 | 9863
e e . S Ad - W — t..,_a e . - W —— - S S
6 | Nacsalt B30 188, 1 83 | 57| 277 | 697 | 759 | 62 | 4170000| 42500 | 9898
7 | Ragsalt Q320183 | 83 | 10.3% 202 | 701 | 764 | 63 | 3050000| 28400 | 9907
g | Nasalt 039 |89 84 | 42| 307 | 699 | 740 | 41 | 2310000 53000 | 9771
C-8  008%]| -87 | 8 2| 307 | & 0 14 -
Na-salt 0.3 26 86 | |
9 | ¢ 01 % | ®2gy | 81 | 64| 258 | 712 | 764 | 52 | 2770000| 43800 | 9842
10 | Nagsalt 0326 188, | 85 | 73| 350 | 709 | 764 |55 | 2390000| 21000 | 99.12
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A @S AElA T4 EEHHE AT f 25A C-5 o C-7°l AT
7tA A2 Hol ¢RAINIL M 5T AL2 Yepa Ut

(2) 4 FHI7I A €5

T4 H7MA 4 g5 o3 F38U A¥ d94E ¥ 14
of Jehliglen, w3t s F7t o|EF AAZ, olEZ 3E9 T
23 AAHEE 44 FEHAM aH 1-129014 1-157kA JdERAJAT. 9]
Ao M BE ©@5A4 C-38 A& W flotationdl A AAE o & A0
713 @t o]= flotationA] HE ZHHF7F Bol FAHE AHE Y2
2o olEAn A AAE ZAR AFHEY. £33 o2 st H{AR F
ZhHA AT 54 C-30] 7I¢ &8 FAL=2 Yl ot €54 C-2=
C-3° vl&jA] WNE FriHNAM= 2fF Xujx]A|qk,  flotationAl A A&
Y3 AAHEHANA Ao 2 e

o] 3} o] EE WMAA TA(W/L : CPO =1: 1DE T4 €5
o2 B4E H7F e Bt ¢S wol HES E5A disiA T
Aol AE vlus) B, tAFezr EAE HUeHA @S AdE &
Al C-59 C-7°] 7} 5% Aoz Uegen, E4& H7F & Fgd=
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Table 1-4. Comparalive evaluation of commercial deinking agents under neutral conditions with

enzyme
Dats || ulping Chericals Pulpingplgotation ;defjh % APBrigEtl«?eSS A D;;)Count fg‘m) Iglekm?%t
L e | o, | 83 | 71| - | 700 | 745 |45 1980000| 16500 | 9917
2 | o e o ooTere o ., | 85 [115] 230 | 713 | 779 | 66 | 1830000| 12800 | 9932
3 ok 035, 08 0% | B o, | 83 [136] 238 | 702 | 779 |77 | 2940000| 21900 | 9923
g e | o | 85 | 37]206 | 700 | 738 |38 2100000] 25300 | 9880
i sl b o | 84 | 87| 234 | 715 | 773 |58 | 2110000| 20700 | 9902
T ot s oa | 83 | 50| 229 | 713 | T73 | 60 | 3540000/ 35600 | 9899
7 s 03% C71 0% | 59 24| 81 | 34| 265 | 713 | 744 |31 | 3090000 24700 | 9920
8 | o ooson . Op 00mese 50 s | 83 | 34| 265 | 713 | 744 | 31 | 1920000 50000 | 97.40
Na-salt 0.3%, Q5
9 |crois crows | °0 | 81 | 59| 190 | 727 | 771 | 44 | 2960000| 57000 | 9807
IEn 0.007%, OP 0.075%
10 | o oo O nowse > o | 84 | 64| 361 | 716 | T4 | 58 | 2270000| 24100 | 989
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Table 2-1. Pulp ]
. ulpmg/demking chemicals for deinki
mixture(ONP/OMG = 7 : 3 fmkmg "

Exp.
" No. *mflkaline conditions N
l e BT BASE eutral conditions
DI-1 0.2 % DI-1
| - — O
, | Alkali 3.1 %, BA 0.8 % - o
DI-2 02 % DI-2
. — QO
; Alkali 3.1 %, BA 0.8 % e
DI-3 02 % DI-3
. - 0
y Alkali 3.1 %, BA 08 % e
| DI-4 0.2 % DI-4
. — O
- Alkali 3.1 %, BA 0.8 % .
DI-5 0.2 % DI-5
: Alkali 3.1 %, BA 0.8 % e
DI-6 05 % DI-6 O
- » i 0
. Alkali 3.1 %, BA 0.8 % 2
| DI-7 05 9 DI-7
| - 0
. Alkali 3.1 %, BA 0.8 % .
DI-8 0.2 % DI-3
r . ) 0
; Alkali 3.1 %, BA 08 % e
DI-9 0.2 %
DI-9 02 %

— 39—




3l 45Cel A 1087 FAEfH (flotation)2. 2 Y3 9 o|EHSE A A3
Atk ol¢t B2 @FFEE I¥H 2-19 HERAATH

(2) T4 &5HHE

o & R 2L wHoz AAEFeH, & 2-14 Y
Ebt A ol s @ g@EgFdA et TYAE AlLsta TdA
A2 AIEE = AWEAAA G Hobsiko, o] wf 2] dglAle] pHE 6.5

Aol Ay Wi wt dAZ gE4PoA EEAC i g5A
el vlae sl F[AP(After pulping)] , flotation ¥[AF(After flotation)]
o] Ag¢ ¢4FE HAA(Oven dry) FAR 15g¥ 27 A A Az
sl WAEE Zolzo WMANLTE ZA3ld Wrlsldd. EE flotation A

AEA 1A 2 FAuxe] E5and i3 HFAMNE FHY =
ZIGAI] Pl A o] A4 Y, 4" 29 &, % pH, €5AY
Z4 2 A T ot ZA %S = EFE IA(AONP



ONP/OMG

Pulping/deinking chemicals »]

Pulping 12 %, 50C, 15min.

» Sample after pulping(AP)

A 4
Agitation/ 3 %, 45C, 10min.

Soaking

Y
Flotation 1.0 96, 45C, 10min.

Sheet

Fig. 2-1. Deinking process of alkaline/neutral conditions for
ONP/OMG.
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Table 2-2. Comparative evaluation of commercial deinking

agents under alkaline/neutral conditions
(ONP/OMG = 7 : 3)

Alkaline conditions

Neutral conditions

E:I(I)): Pulping |Reject| DBrightness Pulping [Reject| Brightness

pH (%)  AP| AF| A pH (26) | AP AF | A
1 9.:7 76 (453|515 6.2 0.3 260 | 380456 7.6
2 9.’; 40 1447494 | 4.7 6.6 22 13851435 5.0
3 9.7 90 143.7149.1| 54 0.0 21.3 (37714321 55
4 _ 0.7 97 144.152.1| 8.0 0.0 202 3851444 59
5 07 | 105 430|484 54 6.8 166 368 43.3| 6.5
o 9.7 3.1 [46.1 543 8.2 6.7 22.1 13741435 6.1
7 9.7 0.8 14471529 8.2 6.8 209 (405 (43.1| 26
3 97 | 103 1449504 | 55 6.7 24.2 |37.1]440| 69
9 9.7 3.0 (4571519 6.2 6.8 23.3 | 376457 | 8.1
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A3E E5A Y AREsty A
1. A A

LAY FHFANA EEFHY A& FFE F= LAY FF

X, pH, 2%, YZAALA 5 o8 7HA7} ey, EEAY AW
Ztgo] 7HE & FFE vA< ARl AF7A A2 7hA] dH Y
22 gE2A471 JgEQe ot dEAE RE 11X FE RE HAX
AolA dEHLRE % 5 BHsHA X3 oJAL DAY FF
of et XM7Y T/ R SAol B2, QAR AHEHdd M} <l
HdT2e A R 240l Hasta, QA Al wet Ave 2,
21, @39 dAxAC "W} AMgsle &

o] B Fo] BF Aol Hol7] gEeln. |23 Mgl ¥FA i
o HW dHolH, U dFAARES BEF UF Al F e E5A Y
Mol d2 E7lhssittal & 5 AN, AT viek 2ol €59 A
At e uA= 2549 Adede AdstEHe 1A FF, I4%
Aol @& AAdZ K FUrAY 54, B AW T2 FEHLE 1Y
stH, E5AZ AHEE AREAAAY 2ARDE dA oo & AHolth. &
ST AW MY A 9% T €59 EHeRE HE A

53] & AMHol FA Eotn LY Aurt A4A% =W o™
M= dFEe g5FTH°] FHF4H (flotation method)2 &3 gl=
ARolx, RFEIHE o83 gYdadies g5A9 Lx Az 7|EHd
Aol Aol Hufe mAe FEL wi¢an. olad WX AT sxQt
B8E AREARA Y 2RAEY AP BAE 7AW, RHEEFo] 3o}z



H JAIFEHZ o] F7 FH=H FRFE dFo| FolHA 7|2 o] AAA=
Ao g2 gHRAUT. AREAAA SAHAF st cloud pointe £ 2%
Hlo] T AHGAA e &l TR U IWHH SR cloud point
ol e 2o AHBAAA mAdE YAZslH I FEo| AFEH. o
St E5A LA AMEstaA s Ade 2EE TBshe Aol HIEA
g Aoz AtgEY. E dFdAs AE&HI e vy gEAETH] B
ATFEAAM LT dEAEe AW H JE E4S Hotstn €549
Tl WE 49 AolE LAY, 2L EFAY Jidd HRF J|x
Ag=2 &Rt} 5T

2. A3

A X8 &E-Al(deinking agent)E A% AMEET = AHBAAS
o Anzsty EA4S &7l Aste XRHAY, 71¥EA, cloud point & =
FaRt. SHUY EEAEY FYH, FF £ £ ¥ 3-19] JERIQ
o},

7F EEAYE =3

DARY F, G2 FRANA ASHE AUBHAS] AAYz
detele] AWsiety SA0) nAE 4PL YY) Al YEA g9
EA4Ee 293Ut 2 ARBAAY 1% £44L ARE 9 %

25 Col A Kruess processor tensiometer K12& A& & 3s}lH o).



Table 3-1. Chemical classification of deinking

agents and their

usage
Product name Classification “pH Usage

C-1 (iEO)(PO)copolymer 7.12 for W/L

C-4b unknown 5.88 for "OMG& "W/L
C-10 " 8.79 for “CPO
DI-1a (EO)(PO)coplymer 8.00 for “ONP
DI-1b y 6.08 for ONP
DI-1c ¥ 7.66 for ONP
DI-1d " 8.02 for ONP

DI-2 y 8.35 for ONP

DI-3 y 7.66 for ONP

DI-4 (EO)(PO)copolymer 7.74 for *ONP
DI-5b unknown 2.83 for ONP

DI-6 Fatty acid soap 9,95 for ONP
DI-7 " 9.62 for ONP

DI-8 unknown 0.69 tor ONP

DI-S g 0.61 for ONP&CPO
DI-10a (EO)(PO)copolymer 6.15 for ONP
DI-10b ¥ 7.36 for ONP
DI-10c ! 6.96 for ONP
DI-11a Fatty acid soap 10.42 for ONP
DI-11b " 7.48 for ONP
DI-11c " 8.10 for ONP
DI-12 unknown 8.02 for ONP

* 1. pH of 126 soln.
* 3. ONP @ Old News Paper

* 5. W/L . White Ledger

* 2. CPO ! Computer Printed Out
* 4, OMG @ Old Magazine
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Fig. 3-1. Apparatus for foam measurment.
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A : Thermometer 0.1 C scale, 100T

B I Stirer

C : Test tube(dia. 24mm, length 210mm)
D : Beaker 500mé

Fig. 3-2. Apparatus for cloud point measurment.
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Table 3-2. Surface tension of vanous deinking agents

Product name Surface tension [mN/m]
C-1 32.74
C-4b 31.25
c-10 30.53
DI-1a 30.11
DI-1b 31.74
DI-lc 33.00
DI-1d 34.79
DI-2 35.61
DI-3 32.07
DI-4 27.72
DI-5b 32.75
DI-6 21.07
DI-7 23.59
DI-8 32.75
DI-9 31.71
DI-10a 32.24
DI-10b . 32.46
DI-10c 32.01
DI-11a 29.17
DI-11b 27.29
DI-11c 27.80
DI-12 30.45
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Table 3-3. Foaming properties of various deinking agent

z} gE2A 9 td cloud point EHZAIAE E 3-49] YERHIUT.
A2l cloud pointe ¥ 3-491A4 B uvlsp Zo] ZA VA E E/EHIU

X gFAL

O

-8 Feje] €54 % DI-49 A A& FEH 9y d¥s B2

230 B7b559 1, C-10, DI-12, DI-5b, C-4bE 100CoI A= e}
o] FaE A gon U @dEAY cloud points= &F 25~60CHE
STt

Foam height(FH;}) | Foam height(FH,) | Foam Stability
Product name

mm mm Y%
C-1 50.0 7.8 15.6
C-4b 4.0 1.33 33.3
C-10 106.6 100.6 04.4
DI-1a 114.0 /3.3 64.3
DI-1b 78.3 33.3 42.5
Di-1c 101.6 38.3 42.5
DI-1d 93.3 31.6 37.7
DI-2 72.0 27.0 33.9
DI-3 25.0 20.0 37.5
DI-4 9.3 9.5 80.0
DI-5b 1770 166.0 93.8
DI-6 10.0 10 100
DI-7 10.5 9.5 90.5
DI-8 97.0 40.0 41.2
DI-9 102.0 22.0 21.6
Di-10a 117.0 31.0 18.4
DI-10b 105.0 25.0 23.8
DI-10c 106.6 23.3 21.9
Di-11a 39.0 31.0 88.6
Dl-11c 123.0 1110 90.2
DI-12 93.3 31.6 33.9




Table 3-4. Cloud point of various deinking agents

Product name

Cloud point

C-1 26 C
C-4b 100C Over
C-10 45
DI-1a 100C Over
DI-1b 41 C
DI-1c 51 C
DI-1d 42°C
DI-2 61 C
DI-3 50C
DI-4 N.D.
DI-5b 100C Over
DI-6 “N.D.
DI-7 N.D.
DI-8 38C
DI-9 33C
DI-10a 297C
DI-10b 31C
DI-10c 27°C
DI-11a N.D.
DI-11b N.D.
DI-11c N.D.
DI-12 100 C Over

*x], N.D. : Non Detectable
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 High consistency pulper

Pulping * Consistence @ 12%

» Temperature : 50C

* Pulping time @ 35 min.

 Consistence : 196

Flotation » Temperature : 35C

e Flotation time @ 10 min.

Fractionation e 200 mesh sieve

Ink (200 mesh)

« Surfactant addition

Flotator * pm 3

» air - 3L/min

Collection behavior

Fig. 4-1. Experniment process.
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Without surfactant With surfactant

Fig. 4-2. Adsorption of ink on air bubbles.



+ COLLECTING AGENT

+ AIR BUBBLES

Fig. 4-3. Collection of ink with surfactant and adsorption

of ink on air bubble.



Fig. 4-4. Flotation deinking behavior.
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