ISSN : 0974 - 7435 Volume 7 Issue 12

LioSechn o/oyy

A Indian Yournal

—===m> FyLL PAPER
BTAIJ, 7(12), 2013 [553-558]

Sudy on digestion kinetics model of wood extractives from
Eucalyptus camaldulensis biomass

Wanxi Peng*, Hongchen Qi

E-mail: pengwanxi @163.com

ABSTRACT

Eucalyptus camaldulensisis one of the most widely planted eucalyptsin
the world. However, rich extractivesin E. camaldulensis wood leads to
serious defects such as amount of pulping wastewater, lower bonding
strength, bad finishing effect, and the wood extractives is considered as
the key negative factors. Therefore, the leaching characteristics of wood
extractiveswas studied by mathematical model according to fuzzy theory.
Theresultsshowed thatthe kinetics of wood extractives were divided into
three phases: the rapidly leaching stage, the sowly leaching stage, the
equilibrium leaching stage. The reaction of wood extractives leaching
from E. camaldulensis biomass could be considered as a first-order
reaction. Theorder of reaction was 1.02, the activation energy ofreaction
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Ea=14549.86Jmol, and the pre-exponential factor A=20.48min,
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INTRODUCTION

Eucalyptusisoneof theworld’s three famous fast-
growing speciesand the preferred fast-growing refor-
estation speciesintropical and subtropical regions. And
Eucalyptus camaldulensis, whichisnativetoAustra-
lia, isan important species of Eucalyptus. It iscom-
monly planted dong many waterwaysinAudralia Be-
cause of itsmany advantagesincluding red wood, opti-
mum dengity and beautiful texture, E. camaldulensiswas
introduced to therest of theworld besidesBrazil, China
andIndia. And E. camal dulensiswood hasbeenwiddy
used to produce paper, wooden floor, wood based
panel, and so on. Now it is one of the most widely
planted eucalyptsin theworld¥.

Wood extractives contained many typesof natura
organic compoundsincluding polyphenols, resnacids,
terpenes, esters, carbohydrates, etc?. Therewasrich
extractivesinEucal yptus camal dulensisbiomass. And
theextractiveswastraditionally used inAboriginal folk
medicinetotreat awidevariety of allmentsfrom cold
and cough to wounds and fever®. However, E.
camal dulensi swood extractives caused some process-
ing defects, such asamount of pul ping wastewater, easy-
fdl-off filminfinishing process, and poor gluing effect49.,
Andmany researcherstried to eiminatethesdeeffects
of wood extractived®. But every molecule of wood
extractivesleached out at random!”®, andit was diffi-
culttoclearly reved theleaching characteristics. There-
fore, the digestion kinetics characteristics of Eucalyp-
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tus camal dulensiswood extractiveswere andyzedand
established by fuzzy mathematical model in order to
fully utilizing resources and controling harm onwood
processing.

MATERIALSAND METHODS

Materials

A 18-year-old Eucdyptuscamddulensswood with
the diameter of 20cm at 1.5-2m height from ground
was collected from Zhuzhou Forest Farm of Central
South University of Forestry and Technol ogy, Hunan
province, PR.China The samplechipswiththedimen-
sion of 32-36 mm (width)x9-20mm (height)=0.3-0.4
mm (thickness) were chipped by the flaker (Model:
BX484, Madein China). Theabove-mentioned chips
were baked to absol utely dry under the conditions of
vacuum degree of 0.01MPaat 55°C, then processed
into 40 to 60 mesh wood powder, andfinally storedin
adesi ccator for the subsequent experiments.

Benzene (chromatographicgrade), ultra pure
water,ethanol (chromatographicgrade), and thefilter
papers and cottonextracted in the benzene/ethanol so-
lution (V.. ./V =2) for 24h were prepared for the

benzene
subsequent experiments.

Methods

Weighed 30 pieces of wood powders, each was
about 5g (0.1mg accuracy) and finally parcel ed by us-
ing thequantitativefilter paper andtied by using cotton
thread, and signed. Extractionwas carried out in 50ml
benzene/ethanol solution by the Foss method for 3h,
6h, 9h and 12h under the condition of 70°C, 80°C and
90°C, respectively. Parallel sample number was 2.

RESULTSANDANALYSIS

L eaching law of wood extractives

Wood powder was extracted by benzene/ethanol
solution under 70°C, 80°C and 90°C, respectively.
Theleaching rate of wood extractiveswas showed in
TABLE 1. The curves of leaching rate were showed
inFigurel.

Thedissolution of extractivescould bedividedinto
three stages. Thefirst stagewastherapidly leaching
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stage of 0-8h. At thisstagewith the greatest rate at the
beginning, but therate reduced gradually. The second
stage was the slowly leaching stage of 8-20h where
wood extractives|eached out massively and therate
flattened out gradually. Thethird stagewasthe equilib-
rium leaching stage of morethan 20h wherewood ex-
tractives|eaching gotequilibrium state.

TABLE 1: Theresultsof leaching rate

Extraction time Extraction temperatur e[°C]

[h] 70 80 90
3 5.59 6.14 6.82
6 12.13 13.87 15.47
9 13.95 15.26 16.03
21 14.86 15.98 16.88
24 15.87 16.52 17.56
18 4 i
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Figurel: Dissolving profile of benzene/ethanol extr actives
Dissolution kinetics of extractives

Theresearch of dissolution kinetics of extractives
was described from the foll owing three aspects: reac-
tion order, the reaction rate constant and the reaction
activation energy. Theleaching of wood extractiveswas
the complex multiphase chemical reaction, which
couldn’t be expressed by regular equation. Some equa-
tionswere used to obtai n macroscopic kinetic equa-
tionswhen conducting analysis. Theleaching of extrac-
tivesmet thequaity functionlaw inthecondition of the
largeliquid ratio, and the concentration of retting can
beregarded asaconstant. So theformulation of disso-
lution kinetics could be ssmplified. Takethe effect of
variousfactorson theleaching of extractivesinto ac-
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count, concluded by using the exponentia form, equa-
tionwasasfollows:

d p
——E‘:k-(E—EO) .C# )
dt
dE, : : .
T dissolution rate of extractives; E——con-
tent percent of extractivesthat canleach out (%),thatis
E=E-E,; K——dissolution rate constant; E re-

sidual quantity of extractives; E; amount of ex-
tractivesthat isdifficult to extractin given conditions;
C concentration of retting; a, reaction or-
der, constant; t reaction time

During thedipping process, hypothes sthe concen-
tration of retting C,was congtant. Equation (1)could be

transformed into:

Deter mination of thereaction order

In order to get reaction rate, rate constant and ac-
tivation energy, benzene/ethanol solution and akaline
solution were used to extract the wood powder at
70°C080°C and 90°C, respectively. According to the
experimenta results (TABLE 2), target constantscould
be gained. Amount of theextractivesto absolutely dry
wood powder at all time pointswere determined, the
remnants E of extractivesinwood powder was cal cu-
lated, then the E could be eval uated.

TABLE 2: Theresidual rate of wood extr actives

Time 70°C 80°C 90°C
[h] E E: E E: E Et
3 1761 1198 1706 1143 1638 10.75
6 1107 544 933 37 773 21
9 925 362 794 231 717 154
21 834 271 722 159 632 069
24 733 17 668 105 564 001

———————y FULL PAPER

linecould begot, the d opeof whichwasthevadueof,
representing thereaction order. Taketheexperiment at
90°Cas an example. The concentration of extracts that

d
couldleach (E) andreactionrate— d—? should begot

first, then buildacurve of E—t (As shown in Figure 3),

Residual rate %)

Time t/h
Figure2: Thecurveof residual r ate of wood extractives
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Figure3: Function of E—tat 90°C

And then madeatangent, the dope of thetangent line
dE,

Et (%)

According to equation (1), reaction order was got
by using differential method. Took logarithm to equa:
tion (1) onboth sides:

dE,
ot

lg(-——) =1gk, +a-1gE, @

d
Made afigure of |9(—d—|?) —-IgE, then astraight

Jitsnegativeva uewasthereaction rate under
that concentration (Asshownin Figure 4). Find out

was
dt

d

|g(—d—f‘) andIgE,, then made a figure of
d

|9(——E‘) ——IgE (AsshowninFigure5). Theslope

dt
of straight linewasthevalue of reaction order a.

Thedopevadueof straight linein Figure5wasthe
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reaction order a. By making atangent of the straight
line, thedopevaueof awas|.02. Soreection rate equa
tion (1) could beturnedinto:

dE
_ t k . E1.02 3
=R
at t (©)
304
25 90°C
20
5 154
T 10+
05
0.0 )
T T T T T
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Time t/h
_ _ dEt
Figure4: Function of _E_t at 90°C
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Figure5: Function between |9(—E) and IgE,

Deter mination of therateconstant

Fromtheabove, reaction order wasconfirmed. Ac-
cordingto theresult, the dissol ution reaction of extrac-
tivescould bededt with thefirst order reaction modd.
Regard rateequation asafirst order reaction,

dE
That was. — dtt = ko . Et

Integrating the equation above,

- |n-J§£— = kO -t (4)

t0

E wasthe concentration of wood extractivesthat could
leach at the zero moment, Ewasthe concentration of
wood extractivesthat could leach out at t moment. The
concentration of wood extractiveswas represented by
percentage content, that was the content percent of
amount of extractsthat canleachto aosol utely dry wood
powder.

Taketheexperiment at 90°C as an example. The

Eo

curvesof In E tot at different temperatureswerebuilt.

Theslopeof thestraight lineswastherate constant k |
corresponding totemperatures. Based onthefitted data

Eo

E, (Figure 2). Diagram of In E tot washbuilt (Figure

6).
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Figure6: Function of 1N g tot
t

TABLE 3 : The results of the rate constant of wood
extractives

Temperature T/K T ko/h-1 Inkg
343.15 0.00291 0.261 -1.343
353.15 0.00283 0.289 -1.241
363.15 0.00275 0.332 -1.103

Accordingto Figure6, rate constant k  under each
extraction condition was got, which were listed in
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TABLE3.
Deter mination of theactivation ener gy

Accordingto theindefiniteintegral of Arrhenius
equation:

E
Ink,=——2+InA
0 RT ®)

E_wasArrhenius activation energy, whichwascalled
activation energy for short, theunit of whichwas Jmal;
A wasapre-exponentia factor, which had the same
unit ask . Depending on therate constantsk corre-
gpondingto aseriesof different temperaturesT inFable
3, thefigure of Ink,—1/T was plotted and shown in
Figure?.
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Figure7: Relationship between Ink and 1/T

According toArrhenius eguation, the d opeof the
straight lineisthevalueof activation energy E , inter-
ceptisa pre-exponential factor A.

A regression equation wasgot from Figure 7

1459980 1 1 In2048(R? = 0.993)

8314 T
From the above equation, activation energy of re-
action E,=14549.86J/moal, thepre-exponentia factor A
=20.48h*.

Ink, =

CONCLUSION

When Eucal yptus camal dulensi shiomasswas ex-
tracted, the dissolution of wood extractives could be
dividedinto three phases. therapidly leaching phase,
dowlyleaching phaseand theequilibriumleaching phase

—————— FyLL PAPER

In the equilibrium leaching phase, wood extractives
leaching reached balanced state. When thetempera-
turewashigh, thewood extractivesfast |eached. How-
ever, wood extractivesachieved equilibrium for shorter
time, and theresidual rate of wood extractivesin Eu-
cal yptus camal dul ensishiomasswas| ess.

Thedissolutionreaction of extractivescould bededt
withthefirst order reaction model, theoverall reaction
order was 1.02. Thereaction rate increased with in-
creasing temperature, the activation energy (E,) of re-
action was 14549.86Jmoal, the pre-exponentia factor
(A) was20.48h™,
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