4314 Helol g F=E g o Iisies geadst A
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dn) o)F 2, gza] ZhqA Atolviol =g AMgstE AFo] HX ZWolx AEH
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dicyandiamide

Algtotutol = —HAatal 440 geladd A4S $2 peroxyimidic acidel B4, 7
AAstEae] RAE 9L Algojuiol= wRoth T @ sz glad 24 3gERH of
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Aol £ &Ato]= Zo]2 (superoxide anion radical) ¥ 2 7}4 & /7] ddZ
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HAA7HA 2] AF+= ECF(elemental chlorine—free) W] g3t 437} F& o]|F
o] 3 TCF(totally chlorine—free) EWo] t]d 2377} FUEdA FasEis
R e AAA YAl g A7t IYPHL ot 9 A de) FagFre] F
Soll dg A7+ v el wEA, ¥ dFedMEs AAHA g2 vjEy 3
gt E Hxol dzel A 2eadste A xdE 7Y Fo BYA=R
cyanamide$} dicyandiamideE 37}8t #AbsteA g@eladste] A asE bn
stn ot MeAle g4 d4E& HES A
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AlQtolutol == wlalo]l= 24 o] &7} u2 3o peroxyimidic acidg A,
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OOH

NH;—C=N + HOO ——» ]
NH;—C=NH

Peroxyimidic acid
Jolu} A pHolA, peroxyimidic acidy ol A& 22 QAT $ gl

H o0
———

\/
NH;—C=NH NH;—C—NH;
peroxyimidic acid dioxirane
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SEY + 908 ot A BY olHAMT EAY & Aok
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ﬁc:"fm —— :C-—m-‘c:m'-—Q m‘fc~£m
HN

pH 12 o]3elA, AlQtesto =1} tholalgtttolotutol et 2ebgaln Ads) 2a
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F At AASEE AAME =g, AQtolrto]=9] pKa o] 10.3 X9 pHell
A Aol oj&x}h.

HN—C=N s=—= HN=C=N + H* pKa=103

H;N—C=N + HN=C=N" ———» HzN-—('i—N=C=N‘

NH

HzN—ﬁ"N=C=N- + H)N"CEN ——
NH

H;N—(ii—NH-—CEN + HN=C=N"
NH

AeopulolE-Aarsiss WA WA RAEE Fig 1o dehigch
Peroxyimidic acid7t A4 ® Fel, F49 Fastsiel EA o] uet T A 7
£5} Fhsetth e Hardsast dvkd JbE ERAQ 219 WA FE A
g gtk 2oy $E BY 423 449 WS P eads 48w s @

o

22 ad3A 249 peroxyimidic acid®] AAl &E&ol ot A7 DY oigich
Kadlat: ofXAlelEel dist Y& A+E T3 spin—trapping@ ESR 71H& AHE3H
o g7 WeE dojdg FHstuA stglch felol Feje G E {7 JUBE &
3 ESRell 93t #EHGoH Fig. 204 BE vk o], ©]52 peroxyimidic
acid?] °o]|F whgel 3] BAAHE Aoz A Ao

tio] A qtr}ololuiol =9 w7 R ol A Aer A7 AW, A7HA
= st a-golalgitoloiulo)l = AJARlz BASEHES] whgo] #dY¥E AT 2
7}7}b it
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H:0; + OH ~4— " H:0 *HOI‘ —slow__ . e ction
+NH,- CN‘ +hignin  products

NHv‘ =NH
peroxyimidic acid Route B
faa +H,0.
+ lignin

reaction products + urea Urea + '0, +H,0

+ ISgV
decomposition

. n
2 uzu—c(); on T HAN—CoNH 4 H;N—<’N
o

‘O0CH

followed by:

NH

> H:N—C\O° + HOO®

L HgN—ﬁ—NH; + 10,

and:

ﬂH H0,

HN—C HN—C—NH, + HOO®

HOO® +

reaction products

HN—C=N — > H-N—C-N°

Fig. 1. General scheme for the reaction of
cyanamide with hydrogen peroxide in the
presence of lignin, according to Kadld'?.

Fig. 2. Suggested reactions of peroxyimidic
acid to form superoxide or urea-type radical,
according to Kadla et al®.
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Table. 1. Conditions for first P stage(without activation) of UKP

Variables Variation range

Hydrogen peroxide charge, % on o.d. pulp 1-4
NaOH, % on o.d. pulp 1-6
Sodium silicate, % on o.d. pulp 1-4

Magnesium sulfate, % on o.d. pulp 0.05-2

DTPA, % on o.d. pulp 0-0.2

Retention time, min 30-240

Temperature, C 20—-95

Stock concentration, % 5-15

3.2.3 g2ladst 3 =d 43 2 44 AHe

Z7 YA AP8s dnE V2 89 IYZE Hx ] HZF
gelad z2dL AT olyg geladg syl fste] Algteputel=
(cyanamide) 8} tholx]¢tt}ojolulo] E (dicyandiamide) & A= AFgste] 1 A7)

o

Table 13} 72

H 82 0.5-2%717 2elsle 7 ang vastych
(NaOH, NazS;03;, MgS0s%}

FEETA TR F BEGE

WA Ao LES A
DTPA)E A718hE mhAstog Satsheast B4A 8 §94€ /e AL w3

AXNHoz siTh
3.2.4 9= 5/ 37}t

W A5 g2 E48 Hrstry] Yste] WAL (Brightness), 7134@#d FEE F
Astgdon, z+zt Tappi Standard T452 om—87, Tappi Standard T236 cm—85,

2 Tappi Standard T230 om—899 met A3t}
4. 2% % nF

4.1 vjgwW Fz}xE Hixol p o} wW
A e de] vjEw FgxE Fxo Az IAslea g2lad dA #3
WA AT Ho, R, AR

gkl sparsbrs,
gato] NPt 4ze] %S Figd~10e] vhehy

20 FYH)
MgSO:% DTPAS #7t2e @
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0.05%, 90T, 120min.

70.0

60.0
50.0 /./l/k_‘.'
40.0
30.0 ./

20.0
10.0
0.0

Brightness, %

0 1 2 3 4 5 6
H,0, charge, % on od pulp

Fig. 3 Effect of hydrogen peroxide charge
on brightness. NaOH 3%, silicate 3%,
MgS04 0.05%, DTPA 0.1%, 807C, 1hr.
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3 [
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=4
5 46.0 ¢
D 440
42.0
40.0
¢] 100 200 300
Retention time, min
Fig. 5 Effect of retention time on

brightness. H:02 3%, NaOH 3%, silicate
3%, MgS04 0.05%, DTPA 0.1%, 80T.
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Sustes Abgel 24842 WAE A & pasigor 1o gE Hx
te 2 FFE thh Z/hYTHPig 4). T 0¥ JuE ¥xo) oze il
24 geadsts 602 AW AY $E¥E 203 vedthFig 5). Fig. 3-10
o G2 BBRE 7122 s BHA AAS 4P Fdsra 2ead WA Az
AL AAsYP; H0; 3%, NaOH 2.5%, Silicate 3%, MgSOs 0.1%, DTPA

55

N e "

* ://.\I\_.

g 45 }—
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=

g 40 ’/A\ 1%
35 - W—2% |

—A—3%

%0 S = = =y

1 1.5 2 2.5 3 3.5 4
NaOH, % on od pulp

Fig. 4 Effect of H;0; and NaOH charge
on brightness. Silicate 3%, MgS0,
0.05%, DTPA 0.1%, 80T, 1hr.
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Silicate, % on oven—dry basis

Fig. 6 Effect of silicate charge on
brightness. H02 3%, NaOH 3%, MgSO0,
0.05%, DTPA 0.1%, 80T, 1hr.
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Brightness, %
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MgSO,., % on aven-dry basis

Fig. 7. Effect of MgSO4 dosage on
brightness. H;0: 3%, NaOH 3%,
silicate 3%, DTPA 0.1%, 80C, 1hr.
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o 5 10 15 20

Stock concentration, %

Fig. 9. Effect of stock concentration
on brightness. H;O2; 3%, NaOH 3%,
silicate 3%, MgS04 0.05%, DTPA
0.1%, 80T, 1hr.
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Fig. 8. Effect of DTPA dosage on
brightness. Hy02 3%, NaOH 3%,
silicate 3%, MgS0O4 0.05%, 80T, 1hr.
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Fig. 10. Effect of reaction

temperature on brightness. H202; 3%,
NaOH 3%, silicate 3%, MgS0O, 0.05%,
DTPA 0.1%, 1hr.

4.2 v|E9 Hxe 7] P ol EAHA ot 9F

Az =
0.5-2.0%7+A #H’lsld 121 BEHE
0.5% Z7}stiem

e dojvpx] gt} 3tA W dicyandiamided B$+=

NAE& YepRol. =3 dicyandiamidew cyanamide®)] B)&e] =& Ax

Ax d 52 €909 A5E vepllch

cyanamide® dicyandiamideE

Mo APAEZ] il

B]@ 3} tH(Table 2). Cyanamide?] ZA$:

WAL} 7 o] A5EASH WrSe] FMVSEE wag )
1.5%°A 718 =& wag

g #A%a

-94-



Table. 2. Comparison of cyanamide and dicyandiamide.

Cyanamide Dicyandiamide
05 1.0 15 20 1} 05 1.0 15 20
Brightness, % Elrepho| 57.6 56.3 559 54.4}577 61.2 62.0 61.6
Kappa number 926 8.79 895 8371971 7.69 794 7.74

Viscosity, mPa-s 17.8 158 164 15.8 189 18.2 17.3 16.6

UKP brightness 28.0% Elrepho, Kappa number 21.85, viscosity 21.8¢Ps.
P stage: Hy0» 3%, NaOH 2.5%, silicate 3%, MgS0Q4 0.05%, DTPA 0.1%, 95T, 2hr.

65.0
—l— Dicyandiamide 50 0OP1 Brightness E1P2 Brightness
_é 62.0 —&— Cyanamide z
@ ¥ i o
& /i/ 2 40
2 59.0 £
; g
4 g 30
g 56.0 LA~———— ] §
§ £ 20
& 530 |- -] 2
10
50.0
o} 0.5 1 1.5 2 2.5 0

Activators charge, % on oven-dry basis PP PPO.5  PP1.5 PO.SP P1.5P

Fig. 11. Effect of activators charge on Fig. 12. Brightness gain after
brightness after activated—P stage. H202 two—stage P sequences. H:02 3%,
3%, NaOH 2.5%, silicate 3%, MgSOs NaOH 2.5%, silicate 3%, MgSO;
0.05%, DTPA 0.1%, 95T, 2hr. 0.05%, DTPA 0.1%, 95T, 2hr.

4.3 PP, PmP @ PPm9 vl&

e HFidsrh dx A HF W= oF 80% ISOCA ITAE YEldgE
ROz FHAUY. 2 AFHE FAstEaE 2doz Had A Hgd YA
B7F A7 9 0 wE 3 EAS AT 844 Fig. 118 Aol ZAs
o ¥& 2719 MA axE Yebd dicyandiamides AMgstgon A7l 9 E @
2l5te] A eldt S Table 3o YeERSH

Table 314 2 % Qxel, 3 A FAsks2 oo BYAE AYste 397t
T oA ol Hestge ARG AR e wArs Yo A5 Ashw
AN a7t £ oz vk dAAo, FYAE £ AT BF A
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el Al A7z BT Lgo] Tl Lol

Table. 3. Dycyandiamide as an activator in QPP sequences of UKP.

WA el 2L

Aeste o) ey
Bl QoiAE Hag
gz Heses el

=}
"\_'__?_]_

a&delA ¢

@A de
gl gade
2 Atgdd.

Sequence IQPP| QPmP QPPm QPmPm
P: stage
(H2N)2,CNCN, % on od

- 105 15 - - 105 1.0 15 15
pulp
H202 consumped, % 88 | 86 85 88 88 | 8 86 85 85
End pH 11.3110.7 96 |[11.3 11.3{10.7 10.3 9.6 9.6
Kappa number 122 9.71 7.94 |11.2811.2819.71 7.69 7.94 7.94
Brightness, % Erlepho 54.8|57.0 59.1 | 54.8 54.8 {57.0 58.0 59.1 59.1
Viscosity, mPa-s 20.1118.8 17.3 {20.1 20.118.8 18.2 17.3 16.6
P> stage
(HoN)2,CNCN, % on od

- - - 05 15|15 1.0 05 1.5
pulp
H,02 consumped, % 79 | 79 77 78 72 8 80 82 86
End pH 11.1}110.9 10.8 1105 95 {94 96 10.2 9.3
Kappa number 8.1216.31 4.76 {5.52 4.10|4.87 5.14 5.55 5.31
Brightness(% Erlepho) 67.5(68.4 72.3 167.8 68.2[73.0 73.2 73.4 745
Viscosity, mPa-s 156}17.9 16.0 |16.3 15.3]15.4 15.7 16.1 11.6

UKP brightness 28.0% Elrepho, Kappa number 21.85, viscosity 21.8cPs
Pm : dicyandiamide—activated P stage.
P stage: Ho02 3%, NaOH 2.5%, silicate 3%, MgS04 0.05%, DTPA 0.1%, 95T, 2hr.
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