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Abstract-We developed a new process employing calal)Nc combustion for teatile mating aimed at decreasing ~nis- 
sions of volatile organic compotmds (VOCs) and saving energy at the same time. For this purpose, *he VOCs are 
concentrated in a temperature swing adsorption (TSA) device. A framion of the concentrated VOCs is completely 
oxidized on an electrically heated (Et-IC) system, and its combustion gas of EHC is supplied as the heating source 
via heat exchanges. The remaining concentrated VOC is recycled as a renewable mergy so~ce for *he drying p:o- 
cess to dual-type catalytic burners designed speci~(Ey *o operate with LPG and concentrated VOC at the same time. 
This system minimizes the p:oblem of VOC emission and maximizes energy conservation by reusing the VOC, tol- 
uene, from textile coating. 
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I N T R O D U C T I O N  '~- 

Reduced mmssion of VOC has drachma ranch attention due to 
the increasing interest in minimizing pollution and offering a be*, 
ter environment for human life. In the textile indmW, quite large 
amounts of solvents have been used k~ dissolve dye, ivsin etc. 
for coating on textiles. These solvents include toluene, isobutyl 
methyl ketone and e{hanol. These solven~ are usually volatiliz- 
ed ~,ith themaal convection hea~ing in order *o fix a dye or a 
resin on the surface of~xtfles. 

Cahaly{ic combustion technology has several advantages over 
conventional combustion in VOC treatments. It emi~ small a- 
moun~ of hazardous gases such as NO and CO since {he cata- 
lytic combt~on  proceeds completely at relatively low >mapem, 
ture, compared to themaal combus~on [Trinwn, 1995; iNlla Bett% 
1997]. Additionall}~ {he far-inkamd i~adiafion erniged from {he cat- 
alyst accelera~s the drying speed of heatad textiles, thereby maxi- 
mizing the energy etficiency. 

Catalytic comb:edon can be achieved in a wide range of con- 
centmfion of fud-iich condition or of the lean condition below 
1% concena'afion of  fuel [Dalla Betta, 1997]. However, the 
VOCs exhausted fi-om the dpfing process are usually "~o low to 
use for caNytic combustion directly. In this work, in order ~o in- 
crease the concentration, the te~r~ea'a{twe swing adsor~ion (TSA) 
dmdce is adopted. The concena'a~d VOC in the TSA systmn is 
reused in a caMytic Nmaer and in an EHC Most of fl~ VOC that 
is not recycled is oxidized to~ally using an elec~cally heated cat- 
al}~ 0~.HC) system before mnission m {he environment: The 
additional heat genea:ted from the combustion process is used 
m heat the combustion air for {he process. 
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Fig. 1. Layout of demoustration facility for a textile eoatiug 
process. 

The layout for the dvyizg process using {he above-mention- 
ed methods is shown in Fig. 1. The pilot, plant is cons~cted on 
a one-sixth scale of corr~nemial production, in the Taegu area 
of Kore~ Previously, we reported the preli:rfinary results of  the 
demonsh~tion experiment conduc*ed at the plant [Kang et al, 
1997]. In the present work, we desmibe the ca~tlytic combus- 
tion ~chnology for the dr~4mg process based on fifll demoustm- 
fion results. 

EXPEI~dENTAL 

The detailed design of  the catalytic b:wnea, TSA and EHC 
system is descn~oed dsewhere [Kang et al., 1997]. The dryizg 
chamber for the demousCrafion expeaiment described in Fig. 1 
is 7 rex3 n~ It is equipped with 8 cahalyfic lmmers operated si- 
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multaneously with LPG and VOC. The comlx~tion air is sup- 
plied by" a blower at a rote of 700 m:?hr. In ~he experimeng 
textile material is coated with acryl resin. The coating soludon 
consists of 80 % toluene and 20 % ~a-yl resin, which are provid- 
ed by textile manuf~cttAug companies. The coafiug work is con- 
ducted over the textile bought on the open market of 1,200 mm 
wide, and is con~vlled to its feeding speed of 5-25 rn/mir~ 

The amlysis of VOC and combustion gas is perfolmed with 
a quadmpole mass spectrometer (GENESYS). And additionally, 
the concentration of VOC in the chamber is also monitored dur- 
ing the rim, using a catalyst sensor in order to escape the dan- 
gerous situation of VOC building-up to an explosive level. The 
drier, tKIC system and TSA system in the demonstration ~ -  
pefiment me controlled independently. 

B ~ S U L T S  A N D  D I S C U S S I O N  

The atrmNement of the dual catalytic bmner used is ilh~'at- 
ed ha Fig. 2. This burner has nozzles for LPG and VOC, re- 
spectivdy [Seo et al., 1997]. C~mbustlble gas is distributed over 
an alumina fiber mat containing 0.5 wt% I% The burner is de- 
signed to start its caM}tic reaction between fhel and air at the 
catalyst layers by forced diffusion method and to continue the 
reaction with concentrated VOC by the pi~mLxed method. For 
the ca~l}~ used, 10% combustion of LPG is achieved at 523 
K at a space velocity of LPG, 42,000 hr -~, and cen~lete oxi- 
dation is achieved at 800 K_ For this type of Ix~am; the cata- 
lyst layer is maintained around 523 K_ 

Fig. 3 shows the dependence of ca~lyst temperature on tolu- 
ene concentration and space velocity. Also, ff, e concentration 
of ur, lx~med toluene is measured as a fianction of toluene con- 
cenWation and space velocity (Fig. 4). Alunfina fiber can retain 
its entity up to 1,000 tC Thus, the dependence presented in Fig. 
3 and Fig. 4 indicates the iange of toluene concentration arm 
space velocity, satis#fing 99 % cor, velsion of VOC. In the de- 
mons~tion experiment, eight catalytic tyamels are installed in 
the drier chamber. The operating condition for caMytic bur- 
ner is controlled in order to satisfy the reqairement presented 
in Fig. 3 and Fig. 4. 
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Fig. 2. Schematic diagram of dual catalytic burner. 
A, ca~tlysts; B, electrical heater; C, supporter; D, thermo- 
couple; E, gas nozzle; ir LPG line; G, gas line; H, concen- 
trated VOC; I. textile 

g 

7000 

0300 

40(13 

:&')Co 

2~,0 

Fig. 3. Contour plot of catalyst bed temperature of burner as 
a function of toluene eoneeatration and space velodty. 
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Fig. 4. Contour plot of unburned toluene as a function of toh- 
ale concentration and spac~ vdodty. 

We report the performance of the EHC system. In the re- 
port, file effect of toluene concentration, space velocity mad heat 
storage syetem is shown as a function of perfbrmance of the 
EHC system earlier [Kaug et al., 1997]. Here, we expand the 
previous investigation to a much lower range of toluene con- 
cenWation in the presence of a heat storage system. For this 
pulpose, an EHC system is installed at the staxt of incineration 
of VOC delivered from the TSA system_ For the heat storage 
system, a honeycolrb block contahling no metal catalyst is add- 
ed to the system to n~aintain the iNet temperattwe without ad- 
ditional energy supply. Fig. 5 shows the eft~ct of" the heat stor- 
age system on the ca~hy~st ten~em~ui~. The heat storage of 30 % 
to the total weight of catalyst and supporter is s~icient to main- 

the reaction telnpera%tt~. Fig. 6 shows the effect of cat- 
alyst inlet telI~erature as a fimction of it, let toluene concen~ra- 
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Fig. 5. Temperature of catalyst inlet temperature was meas- 
ured after electrical power was off, with various heat 
storages. 
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Fig. 6. Temperature of catalyst inlet temperature was meas- 
ured as a function of toluene concentration after elec- 
trical power was off, with 30 wt% heat storage. 

tion. Elec~ical power supply is turned off at 20 lllirl after arriv- 
ing at steady state in the EHC system. However, m spite of  no 
additional heat supply; the temperature at the catalytic bed is 
malNamed x~en the toluene concentration is above 1,000 ppm. 
At 500 ppm toluene, the temperature decreased slowly; indicat- 
ing the concentration was not enough to maintain the EHC sys- 
tem without additional elec~cal power supply: Thus, it is be- 
lieved t l ~  the toluene conczantration should be Ngher than 1,000 
ppm to maintain catalytic incineration in our pilot system. 

In the demonsiration experiment, the coating speed is controll- 
ed using a roller. Depending on the textile and coaling solution, 
the feeding speed of  a textile is adjusted. Depending on INs feed- 
ing speed, toluene concentration changed as presented in Fig. 
7. ha the drier chamber, the concentration of  VOC increased 
linearly as the feed speed was increased. However, the concen- 
tration decreased abruptly if the feeding speed was much higher 
than 25 rrgmm as a consequence of  incomplete drying of  the 
coating solution. 

The TSA system worked successfully below a feeding speed 
of 13 ln/mirL However, it failed to accumulate VOC if the con- 
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Fig.7.Toluene concentration from (O) c o a ~ m a c h i n e  (A) after 
TSAand ( [ 3 ) e m h s ~ n a s a  function ofcoathtgspeed. 
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Fig. 8. ([Z) Efficiency and ( O )  accumulation ratio of toluene 
using TSA plotted as a function of coating speed. 

centration of  VOC from the drier chamber increased above 500 
pprrL Fig. 8 shows the perfolanance of  the TSA systelrg 80 % 
efficiency of  TSA expressed as a lotto of  concentration of ac- 
cumulated VOC to raw VOC is acNeved at a normal opera- 
tioll For the TSA operation, it is recommended flint the optimal 
stale at which the inlet concentration of  TSA system is less than 
500 ppm at the present condition be kept. Many more experi- 
ments should be performed m order to apply to a bigger one 
or to a different TSA system. 

Fig. 9 shows the catalyst telNveral~e m the burner as a func- 
tion of the coating speed. Catalyst teml~alure is reached to 773 
K using LPG as a fuel. After the fuel is changed from LPG to 
VOC, the temperatca'e decreases to 653 K. It is possible to run 

July; 1999 



A Catalytic Combustion Technology of Concentrated VOCs in Textile Coating Process 481 

540 

510 

(,,3 480 

2 

.~ 450 
a) 
Q. 
E 0~ 
~- 420 

390 

[ ]  [3 
0 0 

8 
E3 

0 0 

360 
, I J ~ [ r 

0 5 10 15 20 25 

m/s 

Fig. 9. Temperature of catab~c burner as a function of coating 
speed. ( [3 )  at the middle of the catalytic burner and 
( O )  at the end of the catalytic burner. 
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Fig. 10. Temperature of textile measured both ([3)  inside the 
chamber and (O)  outlet of coating machine plotted as 
a function of coating speed. The textile was polyester. 

the drier chamber using VOC if the concentration is increased 
above 1,500 ppm. 

The coating speed does not so much affect the quality of  the 
coated textile. Fig. 10 shows the temperature of  textile meas- 
ured by infrared thermometer. In these operations using VOC 
as a fuel, the textile lemperature changed within the 20 K 
l~dage. However, the wetted textile is scffficiently dried out up 
to the coating spe~cl of  24 rr~/mm. 

The effects of process variables such as coating speed and fuel 
condition have been investigated. The most distinguished ad- 
vantage of  the proposed coating scheme is a direct use of VOC 
as fuel for catalytic burner and the simullaneous reduction of  
VOC emission. In the demonsWation experiment it is possible to 
operate the drier using VOC only, which means 100 % energy 
sa~'ing in drier chamber. This demonstration experiment pro- 
vided sufficient data to show that the process itself is an eco- 
nomical, energy saving, and environmentally friendly catalytic 
combustion technology. 

C O N C L U S I O N  

Oalal~lic combustion technology coupled with the TSA and the 
EHC systems is successfully applied to a textile processing unit 
to use VOC as a renewable energy for the coating process. The 
demonstration is performed in a sixth scale of  commercial sys- 
tem. The results indicate that the process developed here bears 
several advantages: a considerable reduction of  VOC and an 

economical operation due to energy sa~4ng acNeved. However, 
for its commercial implementation, it is believed that many more 
case studies are needed to optimize the conditions for operation 
and construction. 
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