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This paper has investigated physicochemical properties
and conventional and environmental-friendly treatment
methods of paper mill sludge to emphasize the importance
and necessity of the sludge recycling. The paper mill sludge
generally shows high contents of calcium and water, and
is mostly discharged by landfill after incineration process
rather than being recycled due to technical or economical
problems. In recent years, however, several possible meth-
ods for recycling the paper mill sludge have been sug-
gested for its sustainable process as follows; compost, raw
material for the construction and paper industry, new ener-
gy source for reducing fossil fuel use and raw material of
activated carbon for treating paper mill wastewater. Thus
the authors suggest that practical recycling technologies
of the paper mill sludge must be developed for substan-
tiality in the paper industry through comprehending physic-
ochemical compositions and generation status of the sludge
and actively performing various related studies.
Furthermore, this investigation could be used as prelim-
inary information for the study on recycled paper devel-

opment using paper mill sludge incineration ash.
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Fig. 1. Flow chart of raw material process in the paper indus-
try.d
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‘When there is not another route

R
Why? Why?
* Productive efficiency = Cost improvement
* Higher yield of raw materials * Lower environmental impact
* Lower waste management
How? How?

* Improvements in the process
* Quality control of the raw materials
* R and D+I

* Material Valorisation or Recycling:
-Composting
-Ceramic

-Agricultural use
* Energetic Valorisation:
- Production of electric and/or thermal energy
- Furnace for clinker
- Gasification, pirolysis, thermolysis

Fig. 2. Management of the solid wastes in papermaking.”
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Table 3. Water Content of Paper Mill Sludge Compared to
that of Waste Synthetic Resins?

Water content (wt%)
61~65 | 66~70 | 71~75 | 76~80
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Table 4. Composition of Paper Mill Sludge'?
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Table 5. Component Analysis of Paper Mill Sludge and Waste Synthetic Resins®

Water content(%) c H C? hemlca:\l compongnt ot Ash Heating value(Kcal/kg)
Newspaper 673 287 39 295 02 02 28 347 3,300
Sludge Printing paper 7.7 210 2.7 233 02 0.1 14 513 2,390
Paperboard 69.6 246 33 263 0.1 02 1.6 439 2,740
Waste synthetic resins 80.8 445 74 19.6 18 0.7 22 238 6,150
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Table 6. Advantages and Disadvantages of Current Treatment Methods for Paper Mill Sludge”

Technology Advantages Disadvantages

Pyrolysis «Non-burning process +A consistent waste stream such as tyres or plastics
*Production of a mixture of gaseous and liquid fuels is required to produce an usable fuel product
and a solid inert residue *Pyrolysis technologies based on the recovery of
+Can be sited at most existing plants liquied fuel require low moisture in the sludge (<20%)
*Minimization of air, land and water pollution *Low technical maturity for application to paper
«Conversion of all sludge biomass fractions into useful  sludges
energy

*\/olume reduction by as much as 90% and production
of a sterile carbon char

Wet oxidation «No air pollution *High cost
*Production of high-pressure stream

Super critical water oxidation +Complete destruction of organic material *Specification for the sludge: high content of dry
*No Nox and dioxins formation due to low operating substances and small particle size
temperature +Traces of acetic acid and nitrous oxide may be

*Recovery and reuse of salts and fillers precipitated formed
out of supercritical water
*Recovery of all heat of reaction as stream and as hot

water

Gasification *Higher efficiency of energy recovery *Dewatering and drying of sludge
*Reduced environmental emissions *Not commercially developed for pulp and paper
+Ability to handle most inorganic compounds found in  sludge treatment
sludge +Complexity of technology
*Ash sintering dose not impact on reliability +*Sludge characteristics which limit gasification
*Production of an inert solid waste efficiency is not fully understood
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Table 7. Recycling Methods According to Types of Paper Mill Sludge?”
Sludge type Recycling field
Organic sludge compost, feed for animals, raw material of ethanol, and absorbent
Inorganic sludge raw material of wall, press board and building board
Incinerated sludge | filler for rubber and paper, cement weighting reagent, soil stabilizer, light-weight aggregate, and artificial aggregate
Carbonized sludge | cold-resistant roof tile, heat insulating material for steel-making, and raw material of activated carbon

Dehydration sludge

Incineration sludge

OF o]geFomM ofR] Aol Zlojehe Hijte 1 5, BY
U\ =

A 9] G BlEo] AR MM LA s S
54. S|, OZEEXZA2] 02 2] g7 z1shAQl A2 ke AAsr] fla) =y Al
A &7F Al BAERE AZHIE AR B2 A1) 3 ARAR e £EA] e“ﬁ 2 Xt 1
A& o] &k Wt QPAFL] FHAL HEFAL] 2 ARSHA ] AL AL wiktel vis| Akt
FAA S0 20 o] g Higto] 9tk Hdl ofABE ¥ itk ARAHeIA BAYEh= %3%1194 ot g5y
A g2 tAIF o2 o]-go] 7|thHTk A3t AT AolM TS A5 =ddl wet &2
9] FF 2 FANEE GEkinh olZA WAE AR
55. H7|ZZFEQ| &YEt M= Al 018 SRS FAYES B3] getelal dagol =2 Al

A 2AE = Fe] AT ol8ske A AgEAe S4E olgste] dRE dEsAu '
F F9)oll A e Azl d Aol ddes 5““*01 B SRS ol8sle] Tz AgEshe A
A APl 718taat sk W= Tt ol AREEA L] A Aol AL —’F ATk &

719 ALE ek obd At g Bek ok gk ‘ﬁﬂﬂ‘% 713}, &l WHE HTol HiE o
gk Zofel] AE7Fsslttal s AdH = Wiy FHRE ZIEddd olf 2 383tk AREAE &
| 218 w2 Ao] YehaL glof ARl RS A AsHH o A 5 ok 941 A BS F

e

|

R
5

729 ARG SR 71 opfek B A 283K o] FLAAT BAHOR WASHE AR
29 ARG el tiste] AAHeIRA 52l

Table 8. Application of Paper Mill Sludge to New Material Production for Recycling”

Application Description of the use

Absorbents Dried sludge could be used as an absorbent, e.g., for spreading on oil spills. The
limitations of this use are the same as those of cat litter production.

Pesticide/fertilizercarrier The active sludge is dried and the active ingredients are absorbed. After

spreading and decomposition the active ingredients are released. This gives a
slower and more controlled addition of pesticides/fertilizers to the soil.
Contamination associated with the sludge would be the ongoing threat to such a
disposal route.

Conversion to fuelcomponents Levulinic acid has been found to be economically produced from paper sludge

and converted into an alternative fuel component called methyltetrahydrofuran
which can be used with ethanol and natural gas liquids to create a cleaner-

burning fuel.
Bioconversionofthe cellulosic The cellulosic fraction is hydrolyzed by enzymes to produce glucose and,
fraction of sludge to ethanol subsequently, the glucose is converted to ethanol by fermentation. In general, the

from thermomechanlcal mllls

Cementtiles Sludge with a 20% to 30% ash content may be used to produce a facing brick for
commercial use. The advantages of the bricks are better compression rates and
water permeability.
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