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Conventional Combustion System:

- Characteristics:
Exothermic nature of reaction
High temperature (2000 °C)
Short reaction time (~ sec)

High temperature gradient (up to 10° K/s)

Example: TiC
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Solution Combustion Synthesis: nano-powders

Molecular level homogenization
High temperature ( ~1000 °C)
Short process time

Evolution of gases

Porous, high surface area

temp(C)

Typical Time Temperature Profile
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Explosive nature: less controllable



Impregnated Support Combustion Synthesis:

Initial Solution
porous support Impregnation

Combustion
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Combustion Product: area of active sites
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Impregnated Paper Combustion Synthesis:

» Reaction media is impregnated in a thin cellulose paper
. Eliminates the preheating stage

.« Relatively low combustion temperature (~600 °C)

]E « Fast Cooling rate due to thin layer

' High product yield

« Helps in achieving steady state
propagation in weakly exothermic
system.

« Continuous catalysts synthesis in stable
conditions.

Combustion Metal Oxide Products

Ref: A. Kumar, A. S. Mukasyan, E. E. Wolf, Appl. Catal. A: Gen. 372 (2010), pp. 175-183



Catalyst Synthesis: reaction mixture
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Catalyst Synthesis: combustion regimes

Cellulose Combustion Regimes:
*Flame : Uncontrolled, high temperature

*Smoldering : Controlled, low temperature

Decisive factors:

» Fuel layer thickness

«  Oxygen concentration
» Heat transfer effects

Combustion Pure Impregnated
Mode Cellulose Cellulose

Smoldering No Yes
Flame Yes Yes
Critical:

Temperatu re measurement
Smoldering mode




Catalyst Synthesis: thermal mapping

Temperature Measurement: Features:

Temperature Range: -10 °C to 1500 °C
Accuracy: £2%

Repeatability: £1%

508.1°C

FLIR SC6000 HS

Time Resolution: up to 10 u-sec

<200.0°C

Spatial Resolution: 1.5 um - 5 um



600 -
20 Impregnated paper
§ 400 - /
@
-
= |
s L
= 300 - S
o temperature
g front
F 200 High
temperature
e front
Devolatilization
100 -
or
reaction ignition
?
0 J .




Temperature (‘fC)

N
(=]
o
A

600 -

500 -

oy
(=)
o
A

100 -

Impregnated
paper




200 400 600

800
4

S 0.6

~ 0.4
0.3 1
0.2

0.1 4

0.0

R T T

—— impregnated paper
-— wpUre cellulose

DTA

T T T T T
200 400 600

Temperature (°C)

TGA RESULTS

800

| Thermo Gravimetric Analysis:

Pure cellulose devolatilization
starts at ~ 320 °C

Impregnated cellulose ignition
~ 140 °C

First Front: reactive mixture

ignition
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Combustion Front Movement  /

Model Description )

7
Temperature
Comversion

A(s) + B(s) —— C(s) + n,D(9) o

Reactants Combustion Products
Front

N

Reactants:

aT _ 8, aT a11
P1Cp135. = E[}"lﬁ) + (—AH,)r(C, T) — (?)1 (T — Ty) —n_r(C,, T)eE(T—T,)

Products:

P2t g = 52 (M) — (3), (T—To)

Where  Z2- _r(c,, T) and r(CuT)=kCpexp(— =)
ICs: Fort< 0,T =T, C, = Cup; 0< x <1

BCs: AT 8T
_.PL:EZ 0<t<t,x=0 and A5 = UT—Ty) t=t,x=0

—llg —U(T—Ty)t>0,x=1



Non-dimensional form of the equations: Dimensionless parameters
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where the subscripts 1 and 2 represent the reactants and the products respectively.



Final form of the equations:
Reactants:
a8 _ a%

5. = = T BI—mjexp (1’[1 —%)) —alT—Ty) — NeBf(1—n) Exp(v[l — 3))

Products:

§= EPE—aE(T— Ty)
Where: %: (1_@33.;1;.(?(1—%))
ICs: 0=0,m=0;1<0, 0<&<L
BC®. —z—:=1.|.r;l]-=:1:-=:1:¢,ﬁ=l]
=W Bi(0—0)); T>1, £=0
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_E_HIEB_BD]: T=1,, §=L



Model Results:

Dimensionless temperature (6)

Reaction completion (n)

Temperature profile and combustion front with time
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Effect of gas phase products:

Location of combustion front with gas

Effect of gas phase products on phase products

combustion temperature profile
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Gas phase products lower the combustion temperature as well

as combustion front velocity




Effect of convective heat transfer: Due to change is surface area

Dimensionless temperature (6)
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Effect of convective heat transfer on the
location of combustion front

Combustion front temperature and velocity are not strongly

dependent on surface area




Effect of change in Biot number:

Dimensionless temperature (6)

Effect of heat loss on temperature
profile due to change in Biot number

t=3
24 B=17=10.0=0.00L.3=10.a =1 y=50.t =02,
5 p=1L=20,N=0,0 =016 =1
14
! 9
Bi=0.001
04
T T T T
2
t=3
5
14 7
9
Bi=0.01
04
T T T T T T T T
0.0 02 0.4 06 0.8 1.0

Axial position (&/L)

Reaction completion (n)

Effect on combustion front location
due to change in Biot number

B=1.7=10.0=0001.5=10.a =1, y= 30,
T, =02.p=1,L=20,N=0,6=01 6 =1

1.0
0.8 ]
06 ]
0.4 ]
02 ]
0.0 ]

t=1 3 51 7\ 9
Bi=0.001

1.0

0.8 ]
06 ]
0.4 ]
02 ]
0.0 ]

517419

Bi=0.01

0.0

T T T T
0.2 04 0.6
Axial position (&/L)

Increasing Bi# lowers the combustion temperature and

combustion front velocity




Effect of change in thermal diffusivity:

Dimensionless temperature (6)

Effect of thermal diffusivity on
combustion temperature profile
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Increasing product thermal diffusivity lowers the combustion

temperature and velocity




Summary: Model Results

In a typical self propagating process, the product gases evolved
reduce the combustion temperature and slow down the front

velocity.

The pores generated by these gases increase the total surface area

and in turn further increases heat loss to the environment.

High thermal diffusivity of the product decreases the combustion

front velocity and increases the width of combustion peak.

Heat loss from the product boundary increase the sharpness of the

combustion peak.



