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A biorefinery system

Chemicals
&
materials
Biomass Conversion =) Fuels
process
l \ Electric power
“Waste” heat
20080002 NWBC 2009 \V/
Examples on process efficiencies!
Process
Concept Main products efficiency?, %
Rankine power Electricity 33
CHP3 Electricity and district heat 90-95
Ethanol + Rankine power Ethanol, electricity 61
EtOH+FT(recycle)+CH, Ethanol, FT-fuels 80
Conventional petroleum refining | Fuel, petrochem., other 85

1 As predicted in their mature form. Selected data from: Laser et al., Biofpr. 3:247-270(2009)
2100- Produced energy (fuel, power, feed) / NHV, .. Biomass (or fuel) = switchgrass.

3 E.g. Alvarez 2003.
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Kraft pulp mill platform - today

f Pulp & Paper

Wood ‘ Kraft process =) Tall oil, turpentine

l \ Electric power

“Waste” heat
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Kraft pulp mill platform — tomorrow?

f Pulp & Paper

Wood ‘ Kraft process =) Tall oil, turpentine

l \ Lignin and carbo-

“Waste” heat hydra.te-based .
chemicals & materials
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Outline

Experimental
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Fractionation of lignin via sequential precipitation

H,SO, Na,SO,+water H,SO,+water; pH 2.5
Industrial SW
quﬂ black Precipitation 1 Re-s_lurry Re-slurry Lignin-fraction 1
liquor pH 10.6, filtr. and filtr. 1 and washing
(30 % DS)

H,SO, Na,SO,+water H,SO,+water; pH 2.5

Precipitation 2 Re-slurry Re-slurry

) Lignin-fraction 2
pH 10, filtr. and filtr. 2 and washing 'gnin-fraction

H,SO, Na,SO,+water H,SO,+water; pH 2.5

Precipitation 5 Re-slurry Re-slurry

Lignin-fraction 5

pH ~2, filtr. and filtr. 5 and washing
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Equipment for precipitation and filtration

Stirrer

Precipitation
vessel

Temperature-
controlled
water bath
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Filter chamber

(PC-connected scale
for filtration analyses)
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Extraction of birch wood chips and ultrafiltration

Alkaline extraction

Volume: 300 L
Wood: ca. 25 kg
Conditions: ~ 50 gNaOH/I, 120°C, 110 min.
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Ultrafiltration

L gV WA

Membranes: Ceramic, 5 and 15 kDa
TMP: 3.5 bar (5kDa) 1.5 bar (15kDa)
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Outline

= Results & conclusions
— Sequential precipitation of lignin
— Separation of xylan
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Visuals and precipitation yields

Lignin
fractions:
5.
Prec. pH: 10.6 10.0 9.1 5.0 2.0
Yield, %* 40 63 73 96 100

* Cumulative yield, % of total precipitates (282 g/kg black liquor ds).
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Chemical compositions

Fraction, precipitation pH

-----

Klason lignin, w-%
Acid soluble lignin, w-%

Total lignin, w-%

Total carbohydrates, w-% 1.6 1.1 1.2 0.9 2.6

Na, w-% 0.3 0.4 0.4 0.2 0.4

Sum of lignin, carboh. and Na, w-%
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Molecular mass distribution

Mw, g/mol Polydispersity (Mw/Mn)
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Glass transition temperature

°C
180
170 pH 9 pH 10.7
160 - PO 2 S
150 ST ©
i o
pH5 ©
140 - L
130 1 L~ 0
120 7 pH 2 ® This study
i [ ¢
110 O Data in: Brodin et al. 2009,
100 A lignin fractions obtained by
ultrafiltration.
90 1
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0 1000 2000 3000 4000 5000 6000 7000
Mw (g/mol)
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Conclusions I: Lignin fractionation via sequential
precipitation

= Successful method for precipitation and filtration of lignin fractions.

Lignin fractions

10.6 >pH>9.1 9.1>pH>20
Lignin yield Higher Lower
Molecular mass Higher Lower
Polydispersity Higher Lower
Glass transition temperature Higher Lower
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Outline

= Results & conclusions

— Separation of xylan
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Basic data on alkaline extraction and ultrafiltration

Wood: Birch (B. pendula)
Conditions for alkaline extraction: 50 gNaOH/I, 12 I/kg wood, 120°C, 110 min.

Wood Feed Permeate! Retentate! Balance?, %
Lignin, g/kg wood (231) 42 31 10 3
Xylose, g/kg wood (240) 26 1 25 1
Na, kg/kg wood (~0) 0.3 0.3 ~0 ~-2

1 After diafiltration
2[(Feed) — (Permeate) — (Retentate)] / (Feed) - 100
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Ultrafiltration of alkaline extracts

Recovery, %
100
90 —{ OXylan  MLignin }7
80
70
60
50
40
30

e = B

5 kDa 15 kDa
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Effect of acidulation on precipitation of xylose

Xylose yield in precipitate, % of feed

100 +
A

80 -

apH 13
60 | apH9
40 +
20 -
0

0.0 0.5 1.0 15 2.0 2.5

Ratio methanol/retentate (ml/ml)
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Conclusions II: Separation of xylan

= Ultrafiltration resulted in high retention of xylan and low retention of lignin
= Acidulation (pH 13 = 9) did not significantly affect yield of isolated xylan

= Increasing the alcohol:liquor ratio above 1 only marginally affected the
xylan-yield
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Aspects on implementations in the Kraft pulp mill

Lignin fractions Xylan

Component in packaging

L . 5
Product applications | CF, adhesives, other? barriers, fibre additive

Alcohol recovery and make-
up, capital & operating costs,
xylan quality

Multiple filtrations, capital &

Separation process .
P P operating costs?

Type of acid, Na/S-balance, | Position, energy balance,

Integration energy balance integration with LignoBoost?

New products - supplier of bulk raw materials or final
products?

New customers and competitors
New sales management

Business models

22
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