Diagrama simplificado do processo kraft
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Brangueamento



Brangueamento de polpas celulosicas

Dois tipos basicos:

a) eliminacédo de material responsavel pela cor - usado em polpas quimicas

b) transformacédo do material responsavel pela cor em substanmas mais claras -
usado em polpas mecéanicas |

Luz

Luz .
Incidente

refletida

folha de papel

TIPO DE PAPEL ALVURA %ISO
Impressao/copia 80-90 ou maior que 90
Jornal 60-70

Embalagem (sacos) 25-30




Pense: Porgue o brangueamento € necessario na polpacéo quimica???

Processo Indice de resisténcia ao estouro  Indice de resisténcia ao
(kPa.m?/g) rasgo (mN.m?/g)
NSSC, branqueada 1.32 10.7
NSSC, nao branqueada 0.96 8.7
Kraft, branqueada 0.96 9.2
Kraft, nao branqueada 1.08 7.6
Soda, branqueada 0.60 6.1
Soda, nao brangueada 0.78 7.6
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Pense: O gue sera removido das polpas quimicas com 0s agentes de
branqueamento??

Table 9.1, Contributions to the kappa number from lignin, hexenuronic acid and “non-lignin” struc-
tures in various unbleached pulps (Li 1999),

Pulp type, Kappa number Lignin" HexA"? Non-lignin' ¥
Pine kraft, 18.6 14.3 1.9 24
Pine soda/AQ, 18.9 16.8 0.3 1.8
Birch kraft, 13.6 6.5 4.5 2.6
Eucalyptus kraft, 17.2 9.0 74 0.8

1) calculated i Kappa number units
J) HexA = Hexenuronic acid
3) Non-lignin = non-spectfied but oxdizable structures



Principais reagentes usados no brangueamento

Cloracao C
Extracao E
Hipocloracao H
Didxido de Cloro D
OxIigénio O
Peroxido de Hidrogénio P
Ozonio Z

Cl,

NaOH
NaClO
ClO,

O, e NaOH
HZOZ

O3

Table 10.2. Active chlorne content in chlorine containing bleaching chemicals.

Chemical

kg active chlorine/kg

Chlorine (Cl,)
Chlorine dioxide (CIlO,)
Sodium hypochlorte (NaClO)

|
2.63
0.95




Sequéncias tipicas do branqueamento

Polpas Kraft
(CD)(EO)DED - comuns até 1995
D(EOP)DED - requeridas por legislacao
e/ou mercado

s
OD(EOP)D - requeridas por legislacao
e/ou mercado

Polpas mecanicas
HP
P




World Production of Bleached Kraft Pulp

Mton/a

1990 1992 1994 1996
Year

Source: AET



Alvura versus niumero Kappa durante o branqueamento de
polpas Kraft em sequéncias tipicas de branqueamento
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Figure 9.2. Brightness development for industrial kraft pulps as a function of the content of lignin, measured as
l1ignin kappa number. Bleaching sequences: ODEQP (spruce) and OQ(OP)Q(PO) (birch).
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Sequéncias industriais de branqueamento
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Deslignificacao com O,

Muitas vezes considerada como uma etapa de deslignificacdo adicional ao
cozimento e nao como etapa de branqueamento.

Efluente (agua de lavagem gerado no processo) volta para o sistema de
concentracdo e queima de licores de polpacao e nado se dirige ao sistema de

tratamento de efluentes

NaOH
Steam

Wash
O, Water

Vent Gases

(CO2 & Steam)

Unbleached A A - Pulp to Further
Pulp Pumps, Mixers, Bleaching
—] REACIOIS AN ] WaShers ey
Blow Tank

|

Filtrate to Brown
Stock Washing
and Recovery
System



Sistemas industriais para a etapa de deslignficacdo com O,

Oxygen delignification Metso

Typical process conditions in the OxyTrac™
system for softwood pulp.

1* stage 2+ stage
Residence time 30 min &0 min
Temperature 80-85%C 90-105"C
Consistency =11% =11%
Pressurea (top) &-10 bar 3-5 bar

Hnal pH value 10.5-11




O, diminui numero Kappa por remocao de lignina residual

(néo é util para remocéo de acidos hexenuronicos)

Table 9.3. Changes in the contribution to kappa number from lignin, HexA and other oxidizable struc-

tures after an industrial O-stage of spruce and birch kraft pulps respectively.

Pulp Kappa No Lignin" HexA'? Non-lignin"
Spruce, unbleached 22.5 172 1.3 4.0

Spruce, after O-stage 10.7 4.6 1.2 49

Birch, unbleached 13.8 8.1 4.7 1.0

Birch, after O-stage 9.6 3.2 4.3 2.1

Y caleulated in Kappa number units

Y HexA = hexenuronic acid

* Non-lignin = non-specified but oxidizable structures



Sequéncias industriais que incluem a etapa de pré-
deslignificagao com O, em meio alcalino
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Sequéncias industriais que incluem a etapa de pre-
deslignificacao com O, em meio alcalino

pump
mixer

Figure 10.10. A medium consistency oxygen delignification stage consisting of a wash press. a transportation
screw. a stand-pipe with a pump. a mixer and a reactor with a following blow tank. a wash press. a HC tower (
buffer tank) and a final wash press. (Metso Paper).



Sequéncias industriais que incluem a etapa de pre-deslignificacao
com O, em meio alcalino

! NaOH O,

time (min) 30 60
pressure (bar) 8-10 3-56
—top of reactor

temperature (°C) 80-85 90-100

Figure 10.11. A medium consistency oxygen delignification stage with two reactors.
10.10. (Metso Paper).

Dolis estagios O,



Reac0es de O, e espécies reativas de oxigénio (ROS)

HOD 0,

@ ‘ g .
Phenol-OH —— Phenol-O — Phenol-O0 “02@ (1)

Ho® e % c® .0, .0
Carbohydrate-CHOH — Carbohydrate-CHO — Carbohydrate-CO *+ O, * H~ (2)

o;@+ o;@* Hy0 —= HOY + Oy + HO~ (3)
me o;6 M + O, (4)

Figure 9.7. Imtial reactions in the alkaline oxygen oxidation of lignin and polysaccharides (reaction 1 and 2)
together with major decay reactions of the superoxide radical (reaction 3 and 4).

A reacao com a lignina leva a redugao do O, a radical superoxi anion
que pode desproporcionar em O, e H-O-OH

0-O"+0-0"+H,0>"0H +-0-OH + O-O> -OH + -O-OH + O=0

"‘0O-OH + H,0 >>H,0, + HO (0o pKa do H,0O, e de 11,6)



@ cat. MnFe/Cuions sl

H;0, + HO, > HO"+ 057 + Hy0
+ HO._’ H k=-10"w's’
OCH, OCH,
/O /0

n—ﬁl;-ou +HO' —— o(:‘,-OH + H,0 k=~10"u'"s"

HO;G‘ |~|0'—>059+ HyO k=-10°M's’

M + HO'— M©+ Hoe k=>10" M5’

(1)

(2)

(3)

(4)
(5)

Formacao indesejavel de OH radical

Figure 9.8. Formation of hydroxyl radicals by decomposition of hydrogen peroxide and vanous decay reactions

of hydroxyl radicals (with approximate reaction rates).



ReacOes com Ilgnlna e polissacarideos
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Figure 9.9. The mitial reaction step 1n the oxidation of a phenol with oxygen 1n alkaline media.
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Figure 9.14. Major carbohydrate reactions in the O-stage. Oxidative stabilization of a reducing end group (upper
reaction), oxidative cleavage of a polysaccharide chain (lower reaction). B.A R = benzilic acid rearrangement.

i
i HC—0M

-

ondatmon C-a

Catoxylc sads



Reacdo com lignina residual predomina
Reacdo com polissacarideos pode ser evitada

Composicdo quimica dos produtos detectados nos licores de reacéo de
branqueamento de polpas com O2 em meio alcalino

Table 9.2. Composition of the bleaching effluent obtained after oxygen delignification of a pine kraft
pulp (Pfister and Sjéstrdm 1979).

Compound Amount, kg/tonne of pulp
Lignin 29
Low M, lignin products 3.7
Polysaccharides” 4.5
Methanol 1.5
Carbon dioxide 7.5
Formic acid 3.0
Oxalic acid 1.1
Acetic acid 1.0
Glycolic acid 1.0
3,4-Dihydroxybutanoic acid 0.9
Minor acids, total 2.5

Y xylose as predominant sugar moiety



Brangueamento com peroxido de hidrogénio
(aplicavel em polpas quimicas e também em polpas mecanicas)

Peroxide bleaching Metso

Typical process conditions in a (PO)- and
P-stage

(PO) P
Final pH value 9.5-11 9.5-10.5
Temperature 80-100 °C B0-85*C
Pulp consistancy =11% = 11%
Time 60-120 min 60-180 min

Pressure (top) 3-5bar atmosphenc




Table 9.5. Changes in brightness, viscosity and kappa number for an industrial birch kraft pulp after
an O-stage and subsequent bleaching in a peroxide-based sequence. Contributions to the kappa

number from lignin, hexenuronic acid and other oxidizable structures are also shown.

Perdxido de

Pulp sample Brightness, |Viscosity, (Kappa |Lignin” |HexA"? |Non-lignin® ) .
% ISO dm¥kg |Number 3 hid rogenio
after O-stage 50.1 920 9.6 32 |43 2.1 sobre polpas
after OQ(OP) 73.3 850 7.3 2.2 3.7 14 oo
after OQOP)Q(PO)  |89.0 710 46 08 |30 0.8 guimicas
¥ calculated in Kappa number units
% HexA = hexenuronic acid
¥ Non-lignin = unspecified but oxidizable structures
T 80 /’-*___ o - o
I — Peroxido de hidrogénio
o 72| sobre polpas mecanicas
v
R
0 3 4 5 6 7

peroxide charge (%) ——=

Figure 10.32. The brightness of a TMP pulp versus the peroxide charge. Bleaching conditions used: 3 hours, 70 °C. 3 %
silicate, 25% consistency. Spruce TMP, 60% ISO (Metso Paper).



Reac0bes da lignina com peroxido de hidrogénio
(aplicavel em polpas quimicas e também em polpas mecanicas)
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Figure 9.20. Side cham cleavage of a phenolic f-O-4 structure 1n lignin on oxidation with alkaline hydrogen per-
oxide. Reaction conditions for L (ignin)=H: 90 °C, 180 nun (Heuts 1998).
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Figure 9.22. Oxidation of a quinone structure by alkaline hydrogen peroxide.



Branqueamento com dioxido de cloro

Chlorine dioxide bleaching

Conditions used in an industrial Do-stage

Do Dht
Final pH value 2-3 25-35
Prassure atmospheric atmospheric
Pulp consistency =11% =11%
Temperature 45-85 °C 85-95 °C
Tima 45-50 min 90-180 min

Conditions in D1-stage and D2-stage:
B N @ ey S5 p D1-stage D2-stage
AR R e e HNAl pHvalue 3542 3545

L5 G el

Temperature 65-75°C 65-80 "C
O ClO, é um gas produzido in situ devido a sua 24l consistency =11 =1
grande instabilidade. Time 0-180min  120-120 min
atmosphearic

Oxidacao de clorato de sédio em meio acido pela Pressure atmaspheric
reducdo de metanol.

O gas ClO2 é dissolvido em agua acidificada e

usado como agente de branqueamento



Chemistry
ClO, + e = ClO,
ClO, + 3H' + 2e = HCIO + H,O

HCIO + H* + 2¢ = CI + H,0
ClO, + 4H* + 5¢ = CI + 2H,0

Componentes passiveis de oxidacao na polpa é que doam o elétron



Sequéncias tipicas do branqueamento

Figure 10.6. A bleaching sequence with four stages according to Dy(EO)D,D,. (Metso Paper).



Dioxido de cloro sobre polpas quimicas

Table 9.6. Changes in brightness, viscosity and kappa number for an industrial softwood kraft pulp
after an O-stage and subsequent ECF-bleaching. Contributions to the kappa number from lignin, hex-

enuronic acid and other oxidizable structures are also shown.

Pulp sample  (Brightness, |Viscosity, |Kappa  |Lignin” |HexA'” |Non-lignin"*
%150 |dmYkg  |Number

after O-stage  [44.7 910 10.7 4.6 1.2 49

after ODE 733 850 33 1.6 0.8 0.9

after ODEQP  |88.8 800 16 08 0.7 0.1

! caleulated m Kappa number units

Y HexA = hexenuronic acid

) Non-lignin = unspecified but oxidizable structures



Adicao do agente oxidante x eficiéncia

No caso da branqueamento com CIO,, é usual que 2
etapas proporcionem melhor efeito do que uma unica

carga
D(EO)D

90 - target

80 -

D(EO)

brightness (% ISO)

' ] | | ] |
0.10 0.15 0.20 0.25 0.30 0.35 0.40

kappa factor ——

Proporcional a carga de CIO,



Reacdes do dioxido de cloro com lignina

Figure 9.25. Reactions between a phenolic (left) and a non-phenolic (right) ligmn structure respectively with
chlorine dioxide under acidic conditions (Eriksson 1993). In benzylalcohol structures, a simular reaction will
result in an oxidative elimination of the side chain. The reaction of non-phenolic lignin structures s less likely
under technical pre-bleaching conditions.



Resumo com cargas e condi¢des usuais em cada etapa de branqueamento

Conditions in the D,-stage
e pH2-3
* 40-70°C
¢ 3-4 % or 9-13 % pulp concistency
* 0.5-1.0 hours
¢ atmospheric pressure

¢ 1.0-2.0 x kappa number (aCl/1)

Conditions in the D, , -stages
* pH3.0-4.0inD,and pH3.5-45inD,
* 55-75°Cin D, and 60-85 °C in D,
* 9-13% pulp concistency
* 1-3h
* atmospheric pressure
* I 4-6 x kappa number (E,) (a.Cl/t)
* D, /D,-charge ratio usually 2/1-3/1

Conditions in the Q-stage
- metal ion remover prior to P-bleaching
* pH 4-7 (9-10 in alkaline Q)
e pH 57
* 50-80°C
* 9-13%
* 5 min—2h
* amospheric pressure

o 2-4 kg EDTA or DTPA/t

Conditions in the (PO)-stage
* pH105-110
¢ 80-110°C
* 9-139% pulp concistency
* 1-3 hours
* 3-8 bar
¢ 5-10 kg O,/t and 5-40 kg H,O,/t



Regeneracao no processo kraft proxima aula
- recuperacao de inorganicos e producao de energia

Ref. basica para estudo: Capitulos 12 e 13: Ek M, Gellerstedt G, Henriksson G.
Pulping Chemistry and Technology (Volume 2). Berlin, Walter de Gruyter, 2009
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