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Research paper

Bleaching of Deinked Printing and Writing Paper Pulps
Yu —~ Chang Su':?’ and Horng - Tsai Chen!’
[ Summary ]

The purpose of this study is to establish elemental chlorine-free bleaching sequences to bleach
deinked pulp (DIP) from old newspaper (ONP), old xerographic paper (OXP), and old telephone
books (OTB) . Osidative and reductive bleaching agents were used to produce pulps with higher
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brightness and better quality. Single-stage oxidative (H:02) or reductive (FAS) bleaching and the
combination of these 2 stages of (H:0:-FAS)} bleaching were carried out. Single-stage bleaching gave
pulps having increased brightness over base papers, while 2-stage bleaching gave resulting pulps with
brightnesses of more than 60% ISO and higher yields. Either H:0: or FAS alone at 2% dosages
could bleach DIP from OXP to more than 80% ISO brightness, while providing the bleached pulp
with better brightness stability. Colored OTB paper could he bleached with 2-stage H:0: bleaching
and an activation reagent, TAED, to a brighiness of 70% IS0 or greater. Further treatment with
FAS increased the brightness up to 74.4% IS0. When DIP from colored waste paper was ireated
with 1-5¢% hypochlorite prior to bleaching with 5-15% H.0:, brightness gain of the resulting pulp
tended to correlate with the concentration of H20:. Based on unit brightness gain, the best efficiency
was obtained at 109 H20: dosage, with all resulting pulps having brightnesses of about 709 130.
A combination of 3% hypochlorite and 10% H:0: which gave pulp brightness of 699 IS0 was rec-
ommended. Maximal treatment conditions of 5% hypochlorite, 15% H:0., and 2% TAED gave a
pulp brightness of 74.4% ISO. Upon reductive bleaching ireatment, however, this pulp did not
show brightness gain as was the case with 2-stage H:0: bleaching. Combined hypochlorite- and hy-
drogen peroxide-treated puolp tended to have improved inter-fiber bonding and smoother surfaces. Den-
sity and such properties as tensile and bursting strengths and folding endurance of handsheets from
bleached pulp also increased with increased bleaching agent dosage.

Key words: bleachability, hydrogen peroxide bleaching, old telephone books, activation agent, hy-

po * H20: bleaching system.
Su, V. C., and H. T. Chen. 1999. Bleaching of deinked printing and writing paper pulps.
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P & 5 F| BB 38 (waste paper utilizalion
rate) E +HEMERZE 75% » 1997 £ 8
73.4% » M0 /8% K [F 0 EE (waste paper recovery
rate) THEREFHIES 55.9% + 1997 FB
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TR TEHEAVER - BRVIHERE
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FRESEHESEEORERAFEOEMN
2= . L5 (S, and Sun, 1995:; Su and Chen,
1998; Su et al., 1998) it REHEFHEH
HZH5E » [EREREMREEZED L (Hosoya,
1985; Hijiya, 1994; 1995a,b) ' I EEAR SR
AEOMERAPFLRECHERIMETER
%% (Muguet et al., 1993; Lierop et al., 1993) ¢
WA S (H:0:) ZE#j TCF FEHEEET
AEREE A  REENSRAteEgA
5 R SR SUE B I B B (Lapierre et
al., 1995) - RMABRBE R AHEIFRAE B
SEEETETEEEFED(TCRRAR - XU
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Table 1. Bleaching condition and
chemicals added in Z, E, P, FAS
bleaching stages’

Chemical charge Treatment
(%, of ovendry pulp) condition
Z Z: 1-4% Temp: ambient
pH: 2.0
Pulp cone. : 35%
P H:0:: 2% Temp: 80°C
Na,5i0s: 1% Time: 100 min
NaOH: 0.5% Pulp conc. : 10%

Mg** /Mg50.: 0.005%
E NaOH: 2%

Temp: 70°C
Time: 60 min
Pulp cone. : 10%
Temp: 70°C
Time: 120 min
Pulp cone. : 5%
117: Ozone, P: H:0», E: NaOH, FAS: Formamidine
Sulenic acid.

FAS TFAS: 1%
NaOH: 0.2%
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(TacH R E

BAH B3R HERR - KATER(Su et al.,
1995) R B IR ET R R R B IEZ - RSB
B (HRE[)AEWMT - HIERE : NaOH
2% , H:0: 2%, Na:SiOs 3% - [ 2] (R-60
BAMB A TEAER) 0.2% » IlUE 0.5% -
FRATREE 10% - B3R 30 min + 1 40°C = 1§
RS NaOH 1%, NaSiOs 3% - JE B
0.5% » FREBHEI(R-60)0.3% » 55 FE 0.6% °
BFfE] 30 min * #E 40°C
(E)EREHEE

2 REEOTFREE - (SRR E
By ETREAEAEE  ETRZER
pH 2. 0 BHEHF TETRAZEH o KWHR(Su o
al., 1998 b) Z RATHBEAFEEEEY -
(M) RBEHEH (Z, P, E, FAS) & R BE L 8930

{f< Table 1 & 25 AINE B R 77 5EAT
BREOfEE -
(A EAREEBEEEEER

TAED (tetra acetyl ethylene diamine) 538
SLEFEAZEREE RARERCBER
£ 0 A MEAZ BB - 2 0.4% DT-
PA - 3.35% TAED(GZEHESZH) - MMAFERE
30 min ERIA 3% FFEESH - 1% NaOH -~
2% H0:* 55C T {&3%%F 15 min (Japan patent,
1992) ©
(R) A BRERRBROR AR - BRILES
(NaOCl * H:0:) E 1 %t

BB 5T (OTB IR B HAKEE) LI E
1%, 3%, 5% NaOCl JE¥§EF> 20C TR 10
min £ E W E » HETHE 5%, 10%,
15% Z H.0. &8 EHEAEE H.0: BE
8 RERREE S R - BEERAE -
() IR 25T ARk HIER
1. %55 PC {2 (Post coler) ! EHF1EE (Su «
al., 1995)RYHIGE A HEEITAGR PC 2= HIE -
2. HEEIRE ¢ (REEETHR (Su et of., 1995) 938
AAEETHRYENLY - BRES - fIES
B~ REZISRIE ~ T I 77 - 54 T8 EE (Sekine,
1961) FZIBHIE R T o
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Table 2. Ozone bleaching of old

newspaper (ONP)

Ozone

Brightness

K .

(%) (% 150) appa no
1. 10 54.3 89. 12
1.94 53. 4 84. 63
2.23 59.3 83.75
3.03 57.0 82.58
3.62 54. 4 -
4,18 57.2 -

ERETT

— - REHRNEERE

(—)EZrEH (ONP) REBHIES
]G3 AR A AR 22+ LA Be i ik B o] FROR
THE SRR EHEE (Su et al., 1995) * Bt
MHRRES > SRERBHERERET
RBEEH  BEEMEMRHEAZEKBEN
FREAREE > B THENHR - 2
MAEREEHIEET (Table 2) B 1.0-4.0% 2
TRBEMEFORNEE BRETRER
2. 0% WA RELOEME 59.3% & HIBHEME
EinREEAERAFERBESEEE - T4
HETHE RN » F B AR S E s
M EES IREMREUE  EREEEEE
FREMEPTE 85 £ » BRERRBN RS
(Sain et al., 1997) - DAELE B B E (1 T 58
BEREEREBREZEY BEREQE

Table 3. Effect of chemical charges
on a Z-E-P bleaching for old news-
paper (ONP)

0s;  NaOH H:0: Brightness Kappa
(Z,%) (E,%) (P,%) (%ISO) no.

0.59 2 0.5 56.6 79.50
1.0 60. 4 79.19
2.0 61.0 78. 19
1.16 2 0.5 56.5 77. 84
1.0 58.5 77.35
2.0 61. 4 76, 14
2.23 2 0.5 58.5 82.63
1.0 59.2 78. 62
2.0 64. 7 74, 44

AIRE ~ BB —H AR B EEOPTR

AT BRSNS E S5
TR S 38 (0 AR G B AR U B P (B F s
e AltREFEHETEBEE -

Table 3 £5[=) B0 HIRAR 24 2-E-P =£&
ERRZHEREREZ RN » REFBE(L
FAFHMET » AERBEE 64.7% 1S0
(0s: 2.23%; H:02 2% ) » EAHGRMERE
BE&OE - HIHE IR 88 H BRI EE
% o BGTHEE O A S B BT IHARAD 60-62%
ISO s » B b - REBHHERMERA
B 55-58%% ISO (Su and Sun, 1995) o LA
BRAESREONAZERE - ERAEREL
% WEREL M E R EREA R RE
#FIGEAREREESE - FILEEL
0.6% ZA K 1% H.0: EH 60% IS0 » aJEH|
ONP lREBHESHER -

Table 4 & Z-E-P 1% 5 Ji 12 & Bel 88 By
FHEROE G  EEERAREKRWHESE
ER L EER  BEABREEXIGEX - R
FALFRERRY o {ERE/] - 2™ {EE A BHREO
B BELY, MERLETK - AEEEH
B b* [HE R RTEEZL M b {EAE:
X REECHAHFNEERS » FHEY
b*ER 3-4 0 B Z BEFEABAEARK .91 @
ZEEFEEAM 13.17 > BB TLENERE
b E/NE 8.82 FEMREEERESERS
FHBEPEIEEATLE - MR
HE B E 50-60% 150 BRFE AEK - i 2K
ZEPEHUREBIEAEREFHE AR E
R RTHRSHEAEE  EEEaEREE
Table 4. L¥, a*, and b* values of

old newspaper(ONP) pulp after
Z-E-P sequence

Charge  Brigtness
(%) (% 1S0)

L-k a-.‘r b*

Z2.23 59.3 86.09 -1.17 9.91
E20 52.9 B4.82 ~1.14 13.17
P20 64.7 88.58 -2.34 B8.82
NPA!" 60. 4 83.24 -0.73 3.05
NPB?! 55.3 80.77 -1.57 3.93

DNPA : Newsprint A.
2INPB : Newsprint B.
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Table 5. Brightness of deinked old
newspaper{QONP) after various mul-
ti-stage bleaching sequences

Bleaching Brighiness
sequence (% ISO)
Z-P-FAS 55.2-58.3-55.6
Z-FAS-P 55.2-55.5-59.3
Z-E-FAS-P 57-47-52. 0-60. 5

VDIP Brightness 57.0% 180; Z: O charge 1.0% ;
FAS: charge 0. 46 ; P: H:0: 1. 5% ; E: NaOH 2. 0%.

ROETEENREFEEUMELHE
ZRBEMEHCRET 8BS - —RFH
BHSLBEHBRERRLEE  BEEZESH
RIJ 7 P 4% B0 5 B8 471 (NaxS:0.) 2% FF b B i
(formamidine sulfonic acid, FAS) =

FAS B—ERFEMEIZEAE - HEMEHE
BROLEREEREFADEEESM
(Kronis, 1996) » &%/N FAS T4 AR SAT#E
ERESEE - B FAS 2 /AR EE
SRR E ~ B - MEREE > flings
R EE FAS ZR0EE » EEERRIEH
ZH - REBEER s ABERTFERES
TS - Table 5 BE(L - BREZEAHESMENA
SEOMBE B AE » KDl Z-FASP &
Z-E-FASP BB RIFEAME » ETHEE
60% IS0 Z7KHE o Z-E-FAS-P BI%e1T&E1L - @
EREFERPLEARETRERER BULSE
WEBIARAREHERNE Y -

Table 6 & ONP [ &2 4T E &M AL
TS FAS Z BRI (P-FAS) 2 5 + B8
18 # AL S A BIRNZIEM (2% LT ) mE B
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Table 7. Effects of ozone treatment
on bleaching of old xerographic pa-
per (OXP)

Concentration Brightness

Stage (%) (9%]IS0)
Control (Xerox paper) — 81.1
Before alkali dipping 30 32.8
After alkali dipping 30 §2.0
During flotation — 82.3
Deinked pulp 4 85.5

ELHE - BLFAS RERAES TR (K
H.0. i 5% &41) - FETEERRFE—F
5 - LUBEBIREEE PC EER S IERETR
HELAELENE - £ B0: 1% HFINEEA%
HTEFRESIERENEEE - HTE L0
1% E L% > FASEESEGFRIHE - BET
B EEESE MRS EL B RE
hi > fUHE B REEE 70% 1SO AL -
(Z)R5E) AR (OXP) IR B A AIE

PN E R B A S B A - LR
R SR A TR SIEE R - BB
B Y B TRIR - AT ELEE M E ML AR o
Table 7 555 U EF H] R (BR 4 R0 - Bk
TR RER)ETASEMEFEREOQE
RREBRNE  BERETHASERRESLT
K EEREBBRNFSETHREZ RES
BRAE  FERRBEERSHASEIR
et - EFEIRFEREBRFTERRE -

Table 8 F5RZE] FIAREIAR 73 BILL Ha0: B
FAS (P-FAS) "By ERZHE » FAS BERE
BINMEFEMZWE o Fit OXP REBLELL

Table 6. Effect of hydrogen peroxide and FAS dosages on deinked old news-

paper (ONP)
H.0x(% ) Brightness') (PC number) Color difference
H,0- FAS AE?
0.5 58.1(5.22) 59.2(4.47) 1.74
1.0 60.9(5.31) 60. 4(5. 08) 2.24
1.5 61.8(6.37) 60. 1(4.71) 1.46
2.0 63.3(5.48) 59.5(5.93) 1.97

DBrightness : (% IS0).

» AE: Color difference of resulting pulp after H:0; and FAS stages.
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Table 8. Effect of hydrogen perox-
ide and FAS addition on brightness
value of old xerographic paper(OXP)

H;0, FAS

Dosage Brightness Brightness

(%) (9% 180) (%1S0)

Blank 75.6(1.79)" -

0.5 78.9(0.75) 79. 3( 94)

1.0 78.9(0. 44) 80.1(0.73)

1.5 80.2(1.20) £0. 8(0. 85)

2.0 79. 8(0. 88) 80.3(0.92)
UPC number.

H:0: EEMAEEERZHE - RRREBR
FHEOETEMMPCHEERE 1.0
SEAT - BORETRERYT 1. 79 FRHERRE -

- FREM(EEREN)RENNERD
A AL B T L S R i 2 e
HbEEE - —HuE T ERCHE - B3R
FrER—EiEE BETEEEEEEMRE
2o FENEESERTERMEZER  TIE
HEfslanf £k o —REREEFEHRE -
iR EELN RS bR RE -
o PR Fe Rl R B R 5 5 8% (Dumont
et al., 1994) o JEEEHH 2 R (O] - RESE
B A S NE ~ BRI &
MR AP ErERKEME o FEERbBZEn
BEFI MRkl FidlE - PRl RUE AL
FHCGRE(CE - iR ERS) ~ BRI
EE (IR FEEEN ~ FAS) s b - BFH
BEREE -
(—)OTB By H:0. EA RN LB
(TAED) Z {&EmE B3R
RER—-BLUESHTRAWNEZEE - R
B A5 Bl (chelating agent) DARH 1F % (38
MmO ER 8 BES B TFNEE
T RSB Wik T £ 3 BEPER - T
FEETRE (Ni et al., 1997) o REL7EETT
H0. BEHZIE » EREELTHKERRE -
— BT L0: AR LS EM EDTA 5
DTPA (R + ERE & BISEEE L SR
{CREEY » M ERESy B R -

Fas - BB —ERIRARE HayE O R

Table 9. Brightness of old tele-
phone books(OTB) after different
sequences

g Brightness
equence (9% 1S0)
DIP 50.9
DIP-H:0:(2% ) 55.9
DIP-H»0,(2% ) * " 58.2
DIP-H:0:(2% ) * -H202(10% ) 68.5

DIP-H:0:(2% ) * -H.0:(8% ) -H:0: 67. 4
(2%)

DIP-H»0:(2% }* -H20:(15% ) 70.6
DIP-H20:(2% }* -H202(12% ) -H20: 71.2
(3%}

DIP-H20:(2% }* -H:0:(15% ) -FAS 74.7
D Addition of 3. 359% TAED.

TAED (tetra acetyl ethylene diamine) fE5 % &
{EEERZEMEARA - H 10 KETEER
BE B ( { peracetic acid) 7e B2 HE B W% EE (Japan
patent, 1992; Leduc et al., 1997)  Table 9 &
WEAERESNAHOER 50.9% IS0 » 8
B 2% BRERFELOREES 55.9% IS0 -
RS EFEA P HRMEELE TAED fRE
A INE 58.2% IS0 - HERIEH(LBITRE
#3% EH > BEIN—B 10%H.0. B 15%
HO. EHHIHESRRAEE 68.5% &
70. 6% o FHGEEINYELSE G5 ERAIR]
HIRAZE 71.2% 150
{Z)Hypo - H:0: (NaOCl - H:0: ) ZRHEH
R EEREEIE IR RS AR - HBEE
G EAE A ARk HEEEEE
7 H:0. M BREBEMED - EHEZ A
HMEEIEIRG - BEEEEEEE PR
HEEE&E - LAROKEEEERGES
¥ LEEREFNBER  HiFE L Hypo
YERIRET - (BEEREE - HEEREE
UERERECEMCER - BIIEF H0:
FREERRENENERTRECHES K
5t H20: FHLLE E%ﬁ%# E.%TF% fERE T
RE%E2 AR TEAESNEREEZEREH
WA OISR AREREERTH - R
EHMEG 10-159 L L BB BETESR
H:0;, Na:%:04 B FAS &R BIZRET SR



HERERIE 14(2) 1 187 - 196, 1999

B.0 —
=
= @ o=
D602 i
2 2 g
_g) 50 —| & g
] 8
-]
© 4.0 — &
3.0 — g

NaQCl (%)

Fig. 1. Bleaching results of 0TB deinked
pulp by NaOCl - H:0: system. [ : Bright-
ness; @: Brightness gain; 4 : Kappa num-
ber; *: Yield.

& MARERERR  FTERMERERER
%% o Hypo * H:0. ZEA—REBPHILE
#2EH - PLBER REMEAE 100-120 £5
{Okubo and Ishikawa, 1985) » EERENGAE ST
ZREMETE 100 £45 - F LT HUS Hh R 22
REREEE o

EEFEIRBEM 1%, 3%, 5% REE
ERfE 20C TiRE® » 2 RHATHESE(S,
10, 15% }Y H.0. i H MEAT AR =~ bhdi
AT o FERTE Hypo REMHEWRETK - |
4 BIE 98.63%, 94.90%, 91.68% o &E%
ZHEEEW =SB 3.0%, 4.8% K 6.0% ISO
(Fig. 1) > Hypo RE &S HILL 5%, 10%,
15% < BEBFEA L RBEFM Fig. 20 LA
5% 0. EHZ HERE 60% ¢ L 10% H,0,
TR EE 65% 150 LA L - EEH 5% hy-
po LA 10% H.0: ZHRARITEE 70% 150 LA
b = Table 10 & OTB Ay DIP i& hypo 5% R
BEEIS L0 REZFER - SR 00,
(15% )EEBEHRIN TAED /9 H:0, 2%iEH
FHESHE RIS N E 74.4% - £ 15% %
HEREMEERACEM - RESE 5%
NaOCl BERER » ST B0, FHBHE
TAED EHERIEE G EHEETEQRR
S AR B o BB AR T I 2 - DAL
B SEE « F 10 2% ZiE T
HERE ILO: RIEZ REHFANEEES
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75

70 - S, . §ia

65

60

Brightness (%150)

55

50
Blank Hypo ! Hypo 3 Hypc5

Fig. 2. Effect of different H:.0: charges on
brightness of OTB. [ |: Control; []5%
H.0;; :IOO/DHZOZ; i 15%H:0..

3-5% IS0 oi#E 228/ o

Table 11 £ OTB REBMAEBTRE[ER
FAS I HEH PC HEAR - MBSERE
HERFESLLL 5% NaOCl BRHE » HI R #H{THEE
HUZ B WE - & PC BEAHE LTS -
RSB ERREERERNEZEE L REY
BT - R EZEAE  BRSGRF
FRFTEL - (B8 H:0: T # OTB T4E FAS
RERNBIREZOETEN - R0 B0
BFASERRE > FEORCETE 74.7%
ISO © Hypo * H:0: A HFFREHEE T FAS B
HEREAE 72. 8% © H.0, EHEK FAS B
EAFOEMESR - OEREEANRER4
Hgk s o Bl Hypo » H20: I E R HHE Q58
FAS REROEEFREA  OETEERER

Table 10. Brightness of old tele-
phone books(OTB) with different
bleaching processes

Process Brightness
(%150)

DIP 50.9

DIP (hypo 5) 55.0

DIP(hypo 5)-Hz20:(2% ) 60.5
DIP(hypo 5)-H20:(2% ) *-H.0:(10%) 63.5
DIP (hypo 5)-H:0:(10% )-H:0:{2% )* 68.9
DIP(hypo 5)-H20:{2% ) *-H.0.(15% ) 68.5
DIP (hypo 5)-H20:(15% )-H.0:(2%)* 74.4
U Addition of 3. 35% TAED.
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FRAEE ~ RIBH —HIRRRERAEEHR

Table 11. Effect of bleaching sequence and FAS addition on the PC number of

old telephone books(OTB)

. Brightness FAS
Bl g PC no.

caching process (%130) Brightness (% IS0} PC no.
DIP 50.9 4,99 — —
DIP-H0,(2% } 7" 58.2 5.70 59.9 6.29
DIP-H20:(2% )} *-H.0:(15% ) 70. 6 5. 68 74.7 4.15
DIP + hypo 5-H:0:(2% ) 60. 5 26. 69 56.2 30.92
DIP - hypo 5-H:0.(10% ) 60. 7 21.69 63.4 20. 39
DIP - hypo 5-H202(15% )-Hx0:(2% )* 74.2 14.95 72.8 14. 88
DIP * hypo 5-H:0: (2% ) *-H:0:(15% ) 69.1 17.35 72.6 15.04
Y Addition of 3. 35% TAED.
Table 12. Brightness increment of OTB after Hypo * H,C: treatments
Treatment Brightness  H:0: consumed Kappa no Yield Freeness

(% 150) (g/%I150) ppa 1. (%)  (CSF,mL)

1% NaOC1! 52.6 — 94. 03 98. 63 248
1% NaOCl - H:0: 5% 58.9 0.7063 92. 57 94. 66 236
1% NaOQCl + H:0: 10% 65.1 0. 654 86. 91 91.91 211
1% NaQCl + H.0, 15% 67.0 0.743 86.75 89.25 259
3% NaOCl 54.8 — 85.71 94. 90 286
3% NaOCl - H:0: 5% 61.6 0. 630 82.02 86. 53 182
3% NaOCl - H.0: 10% 69.0 0. 611 81.02 85. 89 187
3% NaQCl - Ha0: 15% 70.1 0.778 80. 04 85.45 184
5% NaOCl 56.6 — 85.20 91. 68 213
5% NaOCl - H.0; 5% 63.1 0.714 85.67 79.51 163
5% NaOCl « H.0: 10% 70. 4 0. 620 81. 80 76. 85 151
5% NaOCl - H:0: 15% 70.6 0. 848 78. 48 75. 80 144

"NaOHCI bleaching, soaking 10min,

HERYENE -
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WEEE - BEAGASETR AR 10: 85
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Table 13. Physical properties of old telephone books(OTB) bleached by a

NaQCl - H>0: system

. Tensile Tearing Bursting Folding 0
OTB (Df}nm? ) index index index endurance Stl;gigl
87N (Nem/g) (mN-m%g) (Kpa'm¥g (double folds)

Hypo | 0. 44 35.6 10. 6 2.2 27 12.0
Hypo 1 - H:0: 5% 0.47 39.6 10. 2 2.1 34 12. 0
Hypo 1 - H:0» 10% 0. 47 44 8 10.3 2.3 48 12. 8
Hypo 1 « H:0: 15% 0.54 49.0 10.3 2.5 80 13.5
Hypo 3 0.48 41.6 0.4 2.3 44 12.0
Hypo 3 - H:0; 5% 0. 57 52.4 2.0 2.8 91 13.5
Hype 3 - Ha0: 10% 0. 58 55.4 8.6 3.0 103 i3.8
Hypo 3 * H:0: 15% 0. 61 58.4 8.3 3.1 97 14.0
Hypo 5 0.59 48.7 8.1 2.6 35 12.3
Hypo 5 + h0: 5% 0. 66 59.2 5.5 3.0 61 12.3
Hypo 5 * H0: 10% 0. 56 51.0 8.5 3.1 76 13,2
Hypo 5 * H:0: 15% 0. 57 53.6 8.5 3.2 86 13.6

UReference: Sekine, 1961.

oo oE— 7 A S H0: AR © Tachenal
and Bourson (1987) J Law and Valade (1994)
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