Available online at www.pelagiar esear chlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2014, 5(4):1-6

Library
| SSN: 0976-8505
CODEN (USA) CSHIA5

Flow parameters (heat generated/pressure drop) in the smulated model
design of isother mal plug-flow reactor for acid hydrolysisof cellulose

J. A. Yabefa*, Y. Ocholi* and G. F. Odubo?®

"Department of Chemical Sciences, College of Arts and Science, Elebele Bayelsa Sate
'Department of Science Laboratory Technology, Federal Poly. |da Kogi Sate
*Department of Electrical / Electronics Engineering, College of Arts and Science Elebele Bayelsa Sate

ABSTRACT

An isothermal plug flow reactor model was developed to study the behaviour of acid hydrolysis of Cellulosic
substrates. The Kinetic parameters in a model which gives the glucose formation from purified cellulose (Solka-
flock), were obtained over the following range of independent variables temperature, 4833% sulfuric acid
concentration 0.0102M, fractional conversion (XA) form 0.10 to 0.91. It was also determined that the volume of
reactor (VR) length of reactor (LR) and internal diameter (Di) etc. directly increased with fractional conversion
(XA) with values as 1.87, 11.4, 0.45 respectively. A computer programme using C-machine Language was used to
simulate the models. The production of glucose in this work tells us that, the continuous acid hydrolysis of cellulose
from cellulose may be a process of commercial interest and may alleviate our environmental problems.
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INTRODUCTION

Cellulose constitutes approximately a fluid of\wgetable matter and thus it exists in far greatemtity than any
other polysaccharide. It is also produced by samero organisms, in a few cases reaching amouri28 ef 30%
cellulose for chemical modification particularlyrfderivation, is often obtained from cotton lintdxg boiling with

1% sodium hydroxide solution [1].

Recent studies have shown that researchers ifiglishave successfully converted many cellulosaterials. Such
as saw dust, solid animal wastes, crop residug ¢t@t,6] to more valuable products such as ferat#atsugars.

Ethanol which can be produced from cellulose isduae an automobile combustible and its productign b
fermentation of glucose is a promising alternati\e spite of relatively low current petroleum @$; interest given
to ethanol derived combustibles persist [9], madug to the attention paid to environmental causes.

Acid hydrolysis of cellulose from past researcheosk were not without limitation/deficiencies. Theparatus set

up for cellulose acid hydrolysis by Grethlein antdbmpson (1978) has a diameter of the carvary tulnirige heat
exchanger which fixes the maximum particles diamiet®.35mm (42 meshes) in the slurry.
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Commercial derivative of cellulose are ethers Hrabng other properties, provide water solubilitg @sters which
in high degree of substitution, provide organiaubdity needed for spinning cellulose into fibresmolding it into
shaped object.

Cellulose acetate is the principal commercial esReaction is usually conducted in a mixture aftmcanhydride,
acetic acid and sulfuric acid as the catalyst tmdpce a degree of substitution of about 2.4, riegulh a product
soluble in acetone. This has application as akgdidrying adhesive, for film formation or for uge cigarette
filters.

In this study, a novel method of evaluating thecteaflow parameters (heat generated/pressure diapthe
simulated model design of isothermal slug — floacter for acid hydrolysis of cellulose is introddceThis method
is simple and straight forward and can be appleainy acid hydrolysis of cellulose with any levécoystallinity.

MATERIALSAND METHODS

The reactor volume VR used in this work is otheeAisown as slug — flow or steady state flow reaatoshown in

figure 1.
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In slug — flow reactor, the composition of the duwiaries from point to point along a flow path. nSequently the
material balance for a reaction component must adentifferent. To obtain a simulation model faaatr flow
parameters, space timepgs space velocity (@), rate of heat generated (Q1), Rate of heat g&tber volume
(Q2) and pressure drop along reactor tub®] must be calculated.

Space Time (Syp)

This is the time required to process one reacthmwe of feed at a specified condition (1), givee #olumetric flow
rate of reactant asyVthe space time become

STP = VR/VO (1)

Fao 2

but Vg In (1 X, )-1
Vo(K1Cao - K2Cao) F

Substituting (2) into (1) and simplifying; resuitgo:

Srp = I:AO ( ) 1
In (1 - Xap) (3)
B, K -K F
VO KICAO(]- XA) _ K2K1CAO E lt E 2
1+3% KoKi ™ KoKy
Space Velocity (Syp)

Space velocity is the inverse of space time whidhé flow velocity required to processes a urdcter volume

swp = Vo = 1 (4)

Vr Sre
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Hence substituting (4) into (3) yields:

I:AO

S = kN N (1 - Xap)

Vo KICAO(l'XA) 'K2K1CAO E-Klt E_ 2 (5)
1+3Xa KoKy T KK,

Rates of Heat Generated (Q1)
In any chemical process, material balances arenguanied by energy balance. Changes in heat coatent
determined by taking energy balances over an el&heslume due for steady state flow reactor as

Sensible heat Sensible heat Heat generated Heat accumulating
Inflow to reactor = Outflow from + in reactor wwhe in the reactor
volume reactor volume volume

Since the process under consideration is isothethmheat terms cancel out leaving the equation as

heat accumulation Heat generated
in reactor volume = in the reactor volume (6)
dQ = (AHR) Fao dXa (7)

Integrating equation (7) over the entire reactdunee
Q = (AHR) Fao dXar (8)

Rate of heat generated per unit volume (Q,)
This is calculated as follows

Q: = Q 9)
YR
I:AO 1

But Vg = In (10)

- K t -K -

K1Cao(1-Xa) _ K2K1CAO e e (1 ><AF)
1+3% KoKi ™ KoK,
Substituting equation (8) and (10) into (9) resulthe heat generation per unit volume equatiohusT
Q: = (AHR) Fao XarKiCao - kCao  In (1 =%¢) (11)
Fro

Q: = AHRK;Ca - kCaXar In (1 —Xaf) (12)

Pressure drop along reactor (OP)

The heat of reactiomMfg) is computed from the work of James and Kastn®7Z). Pressure drop is one of the
functional parameters in reactor design. It's imgat is based on the stability of the system. Toe rigime
analysis of the system is very important, knowingf foressure analysis gives impulse function (fargéme) of the
system which is mathematically defined as F.T.
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In the design of steady state reactor, pressune csmputation must be made to enable the engineeoritrol the
system in question. Pressure drop (also calletidrial head loss) is mathematically defined as

DP = FLRU? (13)
2Di

Where

F = frictional factor, U = mean velocity

m = Density of reaction mixture, D = Diameter oé tiube

L = Length of the reactor

Using the Fanning or Dacey equation for pressupp dr circular pipe under isothermal flow (AR is

DP = 32FLRV%, (14)
/Z\gCDi5

!:o)r a two phase pressure drop due to frictionregton can be done using the Lockhart and Marti@atrelation.
25

15
[D_Pj =Y, [D_pj (15)
D ™ D L

x = | (DeDy) (16)
(DeDy)

X >>>1, as the gas liquid phase is considered in thetiki evaluation. Two phase pressure drop inyktem
thus become

Yo = YL (17)
F in equation (14) is a function of the flow rigigven by the Reynolds number Re[4] as

F = 0.184 R&? (18)

So replacing F in equation (14) and applying nearyssonversion factors for dimensional consisteyields.

-0.2 2 (29)
DPr = 2.78 x 10R.>“LrPaVo
KngDiS
butR = PAVADi (20)
LA
while the mean linear velocity Ms given by
Vo = Volumetric Flow rate
Cross sectional area of the tube
Va = 4y (21)

A°Di?
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RESULTSAND DISCUSSION
The simulated model equation obtained were usgdaduce 300, 000m3 per year capacity of glucosefamdesult
obtained for reactor flow parameter/ heat generaeshown in Table 1 while the pressure drops ésgmted in
Table 2.

Table 1: Reactor Flow Parameters/ Heat Generated

XA St Sv Q1 Q2
0.1000| 70.4511| 0.00141942 0.0013962 0.0001886
0.2000| 149.2087] 0.0067020 _ 0.0027924  0.0007990
0.3000| 238.4968] 0.0041929 0.0041886 0.0019156
0.4000| 3415722 0.0029276 0.0055848 0.0036580
0.5000| 463.4847] 0.0021576  0.0069810 0.0062045

1

1

A

5

L

0.6000| 612.6934 0.001632 0.0083772  0.0098422
0.7000| 805.0569 0.001242 0.0097734  0.0150877
0.8000| 1076.178Q  0.000929 0.0125658  0.0230501
0.9000| 1539.6627  0.000649 0.0125658  0.0370995
0.9100| 1610.113§ 0.000621 0.0127054  0.0392281

Table 2: Reactor Flow Parameter/ Pressure Drop

Xa Va Re Delta_Pa
0.1000| 0.2320 10757.250 0.00000064255
0.2000| 0.1407| 8378.6572 0.00000052612
0.3000| 0.1030] 7167.1457 0.00000046432
0.4000| 0.0811] 6359.1374 0.00000042195
0.5000| 0.0662 5744.578 0.00000038900
0.6000| 0.0549] 5234.7497 0.00000036113
0.7000| 0.0458 4779.7772 0.00000033579
0.8000| 0.0378 4339.408 0.00000031080
0.9000| 0.0297| 3851.546 0.00000028252
0.9100| 0.0289 3794.588 0.00000027917

N

The space time which by definition is the time talkter the reactor volume feed to be completely pssed, grew
exponentially with length. Anyway, this is not xpected, since even the volume of the reactor imaitas profile
with length.

Space velocity was shown to be reciprocal of sp@oe. The profile with a positive exponential gtow
(exponential decay) reassures our confidence swibrk.

This result obtained is consistent with previousgksoon design of P F R’s[5,7,10] which indicatesemligence
effect of pressure drop in the reactor. Pressuwp rexpected since an increase in conversiomitidfi leads to an
increase in volume of the reactor which correspuoglgtiincreases the reactor length and consequestdiyces the
pressure drop. Mathematically stated as:
XA o VRLR / AP
XA = K VRLR/ AP
and K = XAAP/VRLR
Where K= proportionality constant.

CONCLUSION
The study reveals that the pressure drop which isnalesirable property is negligibly small as carsben from the
results. The plug flow reactor can therefore beduseobtain the kinetics of acid hydrolysis for acsilulose

biomass environmentally, high temperature, shattien time and varying acid concentrations/ratestants non-
isothermally.
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