HAkstpao] @ Atz E Y FHo] #F AT

g !l fl) %tgiZ)
D@ AAFA AL 2)Z LA A3 &3

1.4 &

EA R FAgsLLE 194090 AFo2 7|4 BE B FPFHoz AHEH
New, olF AopPAAH(NaOCHF ciBo] dEAA EHAZ AHEHI(H. £
19709t 78 A=A FotoA #HAsteie 71 ABZe] F¥(bleaching)¥ oz} 3%
"2 #Y(delignification), & 2]adg AAY EHo2 A8H7 AFFAH. 131
Y HASAA FAgFLE 3}*—} HZo] ALY A9 YAE AdA A7 e A
E FAWA, BZ 294 FF g *}%6}04 2 3pointe] WA= A/d3} ‘!MRE
X34 ANgsts T2 FRH g ol @ ¢z FAsei e dAE FEHS)
7] 9ste} sstEme Aasss B AL ANE S BL AT JPHoge
Y, iy olidsidad e de BUAd bty FAgFad 48 gadsd

g d7E Ao vEd Aol WM E AF9AE TCF 3% 3¢
wol Aastsadd ade g WAUE, FAsFae B AAUS 2 5y
Zo| ssies BY £ AN Bt gt zASA.

31X e &zE sl o 2lad RASIgEe] grdst Axe tEol
Hed F47] #FE ARz zAReRA Fade £ AEE dFsden
32 B #ad RSP EFY ¢S WAYSE BTG £ FL FEUg @
38 ECF #9e] dE4d ENAQ o)dsd4 s vz B

B244E 249129 AT AUReL B ASE TAAYD, AUReLE
2 zadA tle BAReE, TEY YT Fo TYTo] Yt Al FFES FU
28 Zd RAgozA Bussre EY 588 ANNYH BA o @
Zo 44e B9 HE2922 Pasel UI FEE ARAJE 490) P Aoz
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dHA Ao & ATAME e 234X S0l &(Mn, Cu, Fe, Mg R Ca)ol 3
detead B nAE 4§ AAER 2AMG § AAdsteae] 23 qAUEES
R = @2 Fdses FHA ALHE H7HA(MgSOs, NagSiOsst 2 #)
SlEAZE F&ol2e ¥ AAgFAE I uXe 4TS AT

330 A YEHo A 4R B Fet=E P29 Fuld ne Gy 2A}
. A2 JAEFAE 9dE T A2 Fudy BgA4sE ¥Ud(Ep &
Eop)& dutzoz dg AMgHz gk a2y v g9 Fzxo xy) Eugoz N9
Fagea Bl giF AFE uiFES AAolth weA E AFdNE TCF 394
24& 53 vy FAGHZE Fxo 3 o FA45A TAGS ALY A 29
588 Y e, Yyadoelwd #4219 cyanamide®t dicyandiamideE 3 7}3ho]
318t giol oy FHAbssA B 58S vw FiEdd. 28 ¢E ek
£ QPP AT A4 T&AHU TAA & UAS FAEFAL

2. A5 2 B

21 Als
211 Jad 2a3gE

FAstpad o ade EIAE A Y3 ELFERE apocynolF
veratryl carbinol& #4389 Ab&a o, IS vz ade Zddgn Agd
A AFE 3094 2UFE AR89 Bjstkman AFHoR AFILA
212 9=

SHETAN Y48 94 vEY agze Yxg Assdgon AAY 2 As
AE AA sty AHE3Q 2, Kappa no.x 219, Brightness®= 284%, 183 I+
21.8cPs% t}.

22 A%

WEA7] AFo] e, secwety QoS AEAL, HMEdFalr] 4
 F-C A%k AH&3taTh
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F&olez w7, Fo, A, vtadE 2 AE ol &4 Axsy] At Fz
MnSOq » H20, CuSOs(Anhydrous), FeSO4 + H20, FeClz - nH20, FeCls - 6H20, MgSOQOs -
TH:0 2 CaClz - 2H:0& A}43 9t

HAR54: FRNES NAL 4T YA ZE cyanamided} dicyandiamide® A}-§-3
fow, A7MAZE Ficd, FAutaeS AHESAen A 2 89 F A
£ Z¥olEAE EDTAS DTPAE AH&38%th

23 A9y

231 9547 38 23 E Az

g9 2428 FE(apocynol’} veratryl carbino)® A3t A+E 1:1 (molar ratio)
A AR o)A dAE FFae FYH B d4FoE ARy IPT
updl2l1de] A9 apocynold YT 49 ZHAZ AR

2327t AZvtETYS] BALMHEAL7] £38) AE Ax

glad AF 20725mge HI Smiel] €421 E/ES 130Tl 2080 d4A0 #F
U 10mlE H7bsted 158 ausidA We 22=8 FE3IAY o2 FE24E 7
3t 74 FAUEFLE AN F rt2a3@uteadsd F43%0

7tz A=2vtEa#slE  Hewlett-Packard 6890 2928 AHE39d.  Agilantit
HP-INNOWAX 2%, FID Detector, Carrier gas Helium, Injector temp. 110T,
Detector temp. 150C, split ratio 1/120, run time 6min

233 UV 3A38EEAFA7] 348 A Az

2ad 4F 1020mge F3t 100ml FF5l £3AA T 100ml F 3mlE 5o
50ml Wl2Eet2x3d &30 ¥ F-C A% 3mist 20% NaS:05 10mlE A7{t § F7/
T2 50ml Aol 2FA FAZ & ESFUA 24 AR HAR} FUV-E3 %
ZA}A 760nm HZHY F5FEE A G

234 55012 ¥%¥ 34
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Zaiign FELAYAFHA nXE FERAEES=0@F71ACP,  Inductively

coupled plasma emission spectroscopy)& A& 3ot

235 Hitges Y
ENE vjd PN GAsgen] 23L& Table 13 2o}

Table 1. Bleaching conditions for first P stage (no activator)

Variables range
Hydrogen peroxide, % on pulp 1~4
NaOH, % on pulp 1~6
Sodium silicate, % on pulp 1~4
Magnesium sulfate, % on pulp : 0.05~2
DTPA, % on pulp 0~0.2
Retention time, min 30~240
Temperature, T 20~95
Pulp concentration, % 5~15

236 9= E4 gy}

WA T (brightness), 73z 2 BZ HAxE AL 47} Tappi Standard T452
om-87, Tappi Standard T236 cm-85, ¥ Tappi Standard T230 om-89°] =}t &4 3}
4=

.47 2 ng

31 Fstpad o glad RdslgEY] 23
311 23329 Evdst

guigs Bge uHEy FRRgE Ay T4 wsigoen, fiseag
A B¢ €87 vie}k g 43I duigsst gojdS #HAsAh

Aoz FAsteid o @vds it o3P io] oF gEvdsy o
30740%¢°l #HF3stgrh.
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Table 2. Demethylation of model compounds by H>0, and CIO;

time Apocynol Veratryl Carbinol MWLsw
1 17.45 6.04 1.33
Hydrogen 5 19.64 10.51 2.61
’ xigd 30 21.35 12.71 6.64
peroxide 60 21.29 14.64 8.55
180 20.46 13.71 7.51
1 39.55 30.58 17.48
. 5 40.66 31.42 24.49
Chlorine
N 30 50.23 38.16 24.53
dioxide
60 53.45 39.25 24.98
180 52.69 39.04 25.01

* Hydrogen peroxide pH 10.5, chlorine dioxide pH 4.0, 45T

312 pH7t glEse HAE g

Fig. 194 & 4 %ol Hu8422 AU ¢ 44 @49 gugse @
2a) z2AdqY SRy o 2 AT ot EE JUFILE AAFLE 7
%, A%y 29 9L pH 4904 Fue) SrYsst veRo, uAEy Fxs
sl ads) 34 pvt Re4S we vt dojnoh

50
0 Apo ] &0
CYNOol
= | B Catinol ~8— ApOCYNO 4 Carbinol ~de—MWL
B MWLsw R60T
ol D : Chiorine dioxide §
2
§ » P : Hydrogen peroxide —’é 40t
o
5 % § 2 [
10 o . . ,
) 1 2 3 4 5 6 7
o » - Initial pH
pH4(®D) pH&P) pH 10.5(P)

Fig. 1. Effect of pH on the Fig. 2. Effect of reaction pH on the
demethylation of models by hydrogen demethylation of models by chlorine
peroxide at 45C for 1 hour. dioxide at 45T for 1 hour.

_52_



313 &F Hrtake] @wEstel vx e A4

ojatstd el HIMRE FUHE we dvids AxE Ao HAdeE IR
o, olgd BEFL dEA -vHey 2dsRE Z wdHgade] FedM FLEHA
Uestoh v, FAseae] e FArtgel St wel gddse o 9
A F7Het A tHTable 3). ol& #HAsFidd ¢ @vds $x71 va3 v,
o} o e Axe FAT g7 HEQ Aoz ARdT

Table 3. Effect of chemicals dosage on the demethylation of models

Methoxy! group, wt % (£0.05)
Apocynol Carbinol MWLsw
Untreated 18.45 34.06 13.72
) 051 16.53 32.46 13.02
H:05 : Model
202 = Mode 1:1 14.52 29.07 28.31
(molar ratio) o 13.89 12.55 12.35
‘ 051 13.84 27.25 12.07
ClO» : Model
2+ Mode 11 8.59 20.69 10.29
(molar ratio) 21 277 11.92 8.23

* Hydrogen peroxide pH 10.5, chlorine dioxide pH 4.0, 45T, 1hr

314 Wg Auyel U@ 27

Table 4. Consideration of reaction selectivity

Demethylation, %
Mode! compounds Hydrogen peroxide Chlorine dioxide
Apocynol 21.29 53.45
Carbinol 14.64 39.25
Apo. + Car. (Theoretical) 17.96 46.35
Apo. + Car. (Experimental) 11.82 30.65

* Apocynol : carbinol = 1:1 (molar ratio), 45, 1 hr

YN S Fotr7] A5t F A RS TIE AYFd A oA AR
O ddHer A guidsst dojdg A o AHE EAAT A=A
TZ¢ apocynol® dHHoz WA whEsty] wEolw HHEAE FE veratryl

carbinol® 2318 & ol &3 hindering effect)® VElE Ho 2 AZs oA},
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315 394 A} ﬂ“ﬂ*—:?-*é**}ﬂ stako) uAE Fa

e F HEAsr)e g3 gvidsty J3g gou, dadgel AEd sy
ol}Ao 2 YL W] i v Fo HEATAV Y FF e ey &=
geladsiel AFAA 4gaAst ddx & 5+

Table 5. Effect of chemicals treatment on the content of phenolic
hydroxyl groups

Apocynol Carbinol MWLsw
PhOH / 100 Cq PhOH / 100 C4 PhOH / 100 Co
Untreated 100.0 0.0 9.3
Hydrogen peroxide 72.5 24.2 8.7
Chlorine dioxide 51.0 12.0 9.1

* Hydrogen peroxide pH 10.5, chlorine dioxide pH 4.0, 45T, 1lhr
* PhOH : phenolic hydroxy! group

32 240l @ AUHFLe B
321 2%0le ¥Est Be Ay 9

Fig. 3914 £ 4 950 Ma?>Cl >FE>F £02 Huseie 2u 28 5
Hol Holy Moz yrhgon ANssre AL HmdW L
30760M, ARk o 10072004 & RS BHEL 23 YLe FARUDG. =@
g2 EFEA Ca¥'s Mg® olee FAssa Bod A8 Tx A ¥ FX
gt Aoz Yt

Azre] Asho] wpE gre] @ BAsrie] BaE wg Z¢] pH AE EHA
E $A¢ 4 AN MnPE 984 (DF Qs gol FAsFas Aaol ofs 43

=

)

] Mn*E Al g4 (3)sF 2ol Fasieiel o3 Mn¥2 Bd9Y
* AbEgkg-
4Mn®** + 0z + 2H,0 — 4Mn®* + 4HO™ 1
2Mn?* + H,0:; — 2Mn®** + 2HO™ (2)
* 3Qdk-g
2Mn®** + H,0: + 2HO™ — 2Mn?* + 0; + 2H,0 3)
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$0 oo e
AFe(11)504 ‘ —AMre 2.2ppm  —O~Cu® B5ppm 10z .40/l
: 100 A - - . . pH 105
® e @ s AFel{ll)C12 Room temperature
° OFe{)CI3
3 - R - Xun(insos ‘;w
5 DR = R MCu(11)804 ‘_;w o
h fal ®Mgs04 £
< Q
§ ———————————— O - ocaci2 £ 117 Y5 TSP N
z | o 3
L @ 20
] - :
400 600 800 1000 0 : o
0 50 100 150 200
Metal ions, ppm . . .
Reaction time, min

Fig. 3. Decomposition of hydrogen Fig. 4. Effect of reaction time on the
peroxide by metal ions. decomposition of hydrogen peroxide by
Mn®* and Cu®".

108 0.35 i
‘ ~O-1.1ppm -8-2.2ppm —0-3.3ppm -A—4.4ppm 5. 5ppm H
104 Otippm B22ppm 03.3ppm A4.4ppm AS5.Sppm 0 b- P~ m e e e e e e e
H,0, 1.4g/L. !
LY T v Y b ¥ bttt @ 025 b oA~ — - - e - pH 10.5 .
@ i
00 AMQ&K%XXXQKQ“Q ‘0 0o, 3 Room temperafure | |
5 . £om - SRR
Eos | - o ————— | ey _e 2 i !
2 ‘ ..I _90.15* N e e A
= [ ) @ H
Sos AR ——glN - - o !
T - 1. 2 a0t - - - B I B
% e maunmjg ~~~~~~~~~~~~~~~~~~~~ 3
[ i
0 "0 DO0o0 Opo o H,0, 1.4g/L. T 006 o i I
L pH 10.5 ° ;
B Room temperature 0.0 ‘A--.-.‘ m‘- R TEN 4 >
o ’ 15 56 ® w05 i
0 0 ;o] 0 120 150 180 ~0.06 e
Reaction time. min Reaction time, min i
L

Fig. 5. The pH change during the Fig. 6. The pH change of solutions as a
decomposition of hydrogen peroxide by function of reaction time  during

an *. Mn—induced peroxide decomposition.

322 wg pHY 4%

Mn” el A$ pH @ste] mg FAasisae] BHAZES Fg 79 deEhid. 937
%S 27) pH 907X = Ao £zt dojubAl 2gtom pH 95710504 FHastsa
o] EaliFol 7MY %2 2 MY WA pH7t F/HESE Ailstsae] BHE FUt
sttt 13y pH 11 ol ol = #atslsiol B3yt FA8A Pold e & 4+ U
o EZ P8 o9 A pHl @& Aitsleie] RaFe wikm fAReA e
o4, pH 90710014 tha 9gbek F7bE Jehd ok (Fig. 8). wd, Fe''o] A& o
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F2 pH 115 742 Ao ez A #E3] Friedch. 23y 2o & 47
gl 270< pH 120 oM E d& o2& vlA7IN R istes B2 328E
glsun
12 1200
& Mn?* 3.3ppm  AMn? 2.2ppm
© N # 1000
A g
® g A 5 ® 8o
# v 8 A R
Ea —as_o0 § eno
8 ., . e
o e g o
H * 3
» w0 (R
Room temperature :
0 - - d ao
-8 9 10 1" 12 (1] 90 1Q0 11.0 120
PpH of solution pH of solution

Fig. 7. Effect of initial pH on the Fig. 8. Effect of initial pH on the
decomposition of peroxide by Mn®*. decomposition of peroxide by Metal ions.

323 W2 =7} FAgFa £ uE 9%

Table 6. Effects of reaction temperature on the decomposition of hydrogen
peroxide by Mn

Exp. No. Mn?*, ppm Initial pH Temperature, T Residual peroxide, %
1 - 7.0 70 96.3
2 - 10.5 25 97.3
3 - 10.5 50 76.5
4 - 10.5 70 51.3
5 0.1 10.5 70 37.3
6 0.3 10.5 25 91.5
7 0.3 10.5 50 69.3
8 0.3 10.5 70 11.8
9 0.5 10.5 70 3.8

* Hydrogen peroxide 1.4g/l, 1 hour, room temperature
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324 H7tAZE st a Bt v E 9E

At A e &40 Wi, e 2 E o] gt AW, B A=
of ztelE m#ste Fe''t 400ppm, Cu’'Es 130ppm, Mn*' & 33ppme 71Fo2 3%
th ALgE ZE FAELS MnPdl % Ao R dAsdes DTPA
> 420 > EDTA > $avtadle ¢o2 adyoldth 28y st §9
FdA olgdd HFNAS BEF Cu¥d Fe''dl @ FAisisie BAgAdE £7F
olx &t Aoz YeErth(Fig. 9711).

0 e e e e e e e i s 10
—0-Fe* 400ppm  —~8-Cu™ 130ppm  —4—Mn™ 33ppm —O—Fe™ 400ppm —B—Cu* 130ppm —A~Mn* 33ppm
® ES
Vg @
h<] b
3 8
s 3
= B
3 3
g T T T T T T T e K
E b e e e e pﬁ{ :o_g_gyoénm‘ * H,0; Lagil.
Room femperature £ 2 pH 10.5. 10min.
L . Room temperature
2 . ) P
0 ® ® ® »oo®m w2 o 0 ® % @ w20

i H
| MGSO, dosage , ppm Silicate dosage, ppm 1

i

Fig. 9. Effect of magnesium sulfate Fig. 10. Effect of sodium silicate dosage
dosage on the decomposition of on the decomposition of hydrogen

hydrogen peroxide by metals. peroxide by metals.
100 =
—A—E0TA+Fe 3* 400ppm
80 - ST T T —2-DTPA+Fe 400ppm
*, —8—£DTA+Cu?* 130ppm
L3
© 60
X 4 —0-DTPA+Cu* 130ppm
&
Saolom ——EDTA+Mn?* 3.3ppm
=
2 2+
§ 0, 1.4g/L. —0-DTPA+Mn?* 3.3ppm
% pH 10.5. 10min. —B-EDTA+Mn2* 5 5ppm
Room temperature TPATMIZ® 5.
0 . 0 Spp
0 0 € 90 120 150 180 210
Ci t X
helants dosage. ppm

Fig. 11. Effect of chelants dosage on the
decomposition of hydrogen peroxide by
metals.
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33 844 A7t AAsea gl viAe 9F
331 A @ {dgFa g9z 44

BEE 443 2 ZAHolE AN & F, 39 RdYo 5o IGEE Y9
R B FugFLE ALY Z JF ®9 =3 Table 79 Yehiio

Table 7. Bleaching conditions for |
activated P stage.
Value ®
H:02, % 3.0 ¥
NaOH, % 2.5 K
Reaction time, hr 2.0
Reaction temperature, T 95 . , ;
Pulp consistency, % 10.0 ° o Che‘a:;;'%on :]: pulp o2 o
MgSOy, % 0.1 T
Additives | NasSiOs, % 30 Fig. 12. Effect of chelants charge on the
brightness of softwood kraft pulp after P
DTPA, % 0.05 stage.

332 8447 R @ F3gr: #Yd v IF

1
700 SR R %5
—&-- Dicyandiamide —&— Cyanamide : : iC'Kappa g:\‘;lscosg
Pl | D-Kappa —8—D-Viscos
o 65.0 20 12
=
g 5 !\-\\’a_—\:ﬁl\a g
i 60.0 C s 115 9
* - H
3 i 4
S 550 -3 A 10 8
b4 P I g XA 2 —— Y 2
£ e *— - = >
2 500 HO, 3%, NaOH 2.5%. sllcate 3% | H,0, 3%, NaOH 2.5%, shiicate 3% | 5
MgSO, 0.1%. DTPA 0.05% : MgSO0, 0.1%. DTPA 0.05%
95T .2hv. Puip consistency 10% | | ¢ 95 .2ty Pulp consistency 10%
45.0 + - : i I 1 0 4]
4] 05 1 15 2 25 i H 1 2 3 4
Activators charge, % on oven-dry basis ! } Activator charge. %

Fig. 13. Effect of activators charge Fig. 14. Effect of activators charge
on the brightness of pulp after P on kappa number and viscosity of
stage. pulp after P stage.

Cyanamide® A% 3¢ 05% d7Hatd g o 427 Hog e veiden o &
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Aotge]l F71845 AL E H3EAY. A dicyandiamide?] H7lgko] Fopa
g AT E ALHor Ftedon HubY 15%AA Hoge L}E}Lﬂﬁ’ir/} Lo e
dicyandiamide¥ cyanamide®] B3l AER0 2~ Rt HowME 2 €adx
E Yetu ). oleldt A=K ¥ dicyandiamide’} cyanamideol ®}ste] s}absls4 o}
Ho gAdoln g3 Heyd ¢ & Aoz 448 5

333 2 (two-stage) Hitstra FWA A 58 L8

Table 8. Dicyandiamide as an activator in QPP sequences of UKP.

Sequence | QPP | QPmP | QPPm | QPmPm

P, stage

(H;N)>CNCN, % on pulp - 05 15 - - 05 1.0 15 15
H;0; consumed, % 88 86 85 88 88 | 86 86 85 85
End pH 11.3 1 10.7 9.6 11.3 11.3 (10.7 10.3 9.6 9.6
Kappa number 11.28 9.71 7.94|11.28 11.2819.71 769 7.94 7.94
Brightness, % Elrepho 54.8 | 57.0 59.1| 54.8 54.8 [57.0 58.0 59.1 59.1
Viscosity, cPs 20.1 | 18.8 17.3| 20.1 20.1 {188 18.2 17.3 16.6
P, stage

(H2N)2CNCN, % on pulp - - - 0.5 15115 1.0 05 15
H;0, consumed, % 79 79 77 78 72 | 80 80 82 86
End pH 11.1 ] 109 108 105 95 {94 96 102 93
Kappa number 8.12 | 6.31 4.76| 552 4.10 |4.87 5.14 5.55 5.31
Brightness(% Elrepho) 675 | 684 723| 678 68.2173.0 73.2 734 745
Viscosity, cPs 156 | 179 16.0| 163 153|154 157 16.1 11.6

UKP : brightness 28.4%, Kappa number 21.9, viscosity 21.8¢Ps
Pm : dicyandiamide—activated P stage.

P stage : HxO2 3%, NaOH 2.5%, silicate 3%, MgS0; 0.1%, DTPA 0.05%, 95T, 2hr.
10% consistency

getgte] gy Fdstri A BAA Ao ade BAY ol 2 5E
Aol g a2 5 Uk FAA 7 g HFY BYFE 2ol o YA
AL EQY AL WAL Al AT A L okE H L AET gL B So] uA
g F AU
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4. 88

41 BiEs wge A=Ay Pad FzN gL Bus JAPHYen, ez
He Foln HAD vifEY TZE FUAFAZ NPT ASNE BULH 9o
BAAYY. E¢ ZINYEL Y ALARE AS, BUAo) ¢ Yoy wge
z2 ME4 Bad FRN dgFoz dojde Hesgn. Hasssd o I
a9 REsgEe gdesis ge zAngE A4 2ddA oS gwsgr 2
do gvigsl wee Fua ¥ vasel Zsgod, FuHFLE ALY
ASE oldsgid st S 27t YA APz B Fuss
of % gy 2GR vt ol AFIro] 4§ Bugsle 30740% 4T
ol

42 4B ZANA FEo)ed) 4§ FARFLe FujEsE Mn*>Cu”>Fe >Fe”
o2 Ueder, Mg 2 C's 98 A Aunh FZoled 98 AR5
o] ¥t 93 pHel WEE T3k £3 AEE A5 & AL olF T £
3} g HAUES A5 & JAG. B3 T F$ pH 95404 105 Apolol A
73 B2 BE 9dozon o & pHOL) FY9dA Adsthie BilE A48
ek Wl Fol g% g Rl dAHOY FAT 2 pH FFAAE= &
Atg 238 Yehid FtAEe 25 B o3 Fasirie Bile AR
oy 72 Ho g% Faols aAHA Rt

43 Dicyandiamidet= cyanamidecl] Hl3led AEZ e > Rarl FodAE & g
dste Jen. 229 348548 8o A A, 844 A2 9% g
ad Zde oS AN $98 Fo BAAS ALY A FANSF: A @
of Wrlte Aol ¥ WA ol Asbste RAnt W4 AN R ¥xe HAE WA
AR} ¥ vl B FAAE FY ALE ol fFASA R @o} o
(15%)¢ 5 ¥A dol 2305%)¢ H7tste Aol HHE AN ¢ BT AL W)
A zdFolQh. FAsea B ag ANS AAAE A gute AYE Fa
sAet 4 BUF 2 $Q 91 4 =@ 8% AR B 4 Aok
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