31 DEC 2004 1 METHOD FOR REGENERATI NG ELECTRI CALLY CONDUCTI NG ADSORBENTS
LADEN W TH ORGANI C SUBSTANCES BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The invention relates to a nethod for regenerating electrical
conducting adsorbents |aden with organic substances which are heal e@Ebyllk
passing el ectrical current therethrough. 2. Description of the Related Art
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adsorbent material in a regeneration step by changing the equilibrium conditions. This can be achieved,
for example, in that the adsorbent material is heated and the adsorbed organic substances are then
removed from the adsorbent by means of a flushing gas stream. This method is, for example, employed in
activated carbon adsorption devices which are regenerated with steam (water vapor) or inert gas. In both
cases, the flushing gas serves at the same time as a heating medium for the adsorbent. Heating of the
adsorbent and desorption of the organic substances are thus coupled in an un-separable way. Because of
this indirect heating of the laden adsorbent with the flushing gas very large volume streams of the
flushing gas are required. In the case of regeneration with steam, the steam, after exiting from the
adsorber, must be condensed together with the desorbed organic substances that have been removed from
the adsorbent. The resulting condensate must be regenerated in complicated processes, for example, by
rectification such that water and organic substances are separated from one another. The inert gas
regeneration in which the inert gas is generally nitrogen, is even more complex than the steam
regeneration because the nitrogen is circulated through the adsorber and the nitrogen must then be cooled
to very low temperatures in a condensation step in order for the desorbed organic substances to be
condensed and for the residual loading of the adsorbent at the end of the regeneration step to be so low
that the desired clean gas concentration can be maintained in the subsequent loading step.



this indirect heating of the | aden adsorbent with the flushing gas very

| arge volunme streans of the flushing gas are required. In the case of
regeneration with steam the steam after exiting fromthe adsor %

be condensed together with the desorbed organi c substances that have een
renoved from the adsorbent. The resulting condensate nust be regenerated in
conplicated processes, for exanple, by rectification such that water and
organi ¢ substances are separated from qne another. The inert gas
regeneratlon in which the inert gas is ‘generally nitrogen, is even nore
conpl e n t he s a rati on because the nitrogen is circu

b bugh bE LG BERE Ria ERED e POGE SO s THATeHaR Py SRy Pl

t enper es . in dens tion s order for e desorbed, or nlc

cubst el S BeteGRAEENERH Ry R % EE) 8&51“ e T
t he enﬁo”S'f"t'taH@’ 5 e‘r”é ‘F‘BW ’%&eéfja‘f%g& “Y6° “8 DSICHAE e ‘c’fégi’tfoé 4° ‘%E(‘ig‘g
concen??%ﬁ Bﬁe@ Mé‘?‘?ﬂ H?HQE?F prangge 004
2 Sinc 56‘? ‘}ge%aq preqilydy passipgelectsicg] cyprent; o
mnlrra’e‘r? 5PV8 %fecf&eéaffsgt P Oé"bW’ S5¢Mac P&e@ﬂ%ﬂ”@ the IRRPRV&EBCI ty,
whi ch m%‘tmbaé? ﬁ“tb' ity 2! 53%’}#‘7“?‘“ 3ahighe é‘éfu’.ﬁh}“éﬂf acé?i?F%’H%’?éﬁ‘E et
concen%rat on factors -naX|nun1re enerating gas .concentrations/crude gas
concent P8t § ‘fte‘BﬁP ica 98 ?Pr%ﬁ I dﬁpﬁcecfa‘rfeffe’e‘aﬂlﬂﬁré‘i}’é‘ifowe’c“ﬁ’Stkﬁ'P%‘” Hethod .
An al r 48 peﬁe %Pé“H ry ﬁ’f“h@éﬁ’“lﬁ‘éa‘a’d’ht%%%P“% W“f‘f‘?é‘yé’a%‘?l‘bé‘ﬁf“n S
not he#¥ & Orpﬁ' PP Py ! ‘P*fdﬁgﬁi‘th CGAL S HiFECHT ?F Sy g éw@@tr.cal
curren{wr?ﬁ@?@WﬁﬁBﬁ esP G %Pee%aee“mh_ thisdgyen, thegptepand ﬁﬂﬁﬁﬂ%ﬁ then

pr oces Hapfx Fﬁ]ﬁta] @ﬁt@ \Afhpcdg'ﬂlllrﬁ heelectrodasoly H] E%llﬁe ennchmel:t

Si gnlf &a&e@ah'eva a“%ih Fﬁqf‘i' tsh"yg BtS I’“eéHF%“b?ﬁ’Péh‘tSbFé‘@t” ﬁdéoédﬂ/"be

achi ev a@éfP g s VER 28 APery g:‘E%a’WISAF ative ja {fie dflowyurface
recoveWFE hancbed ggaish Wgw’gw ’mﬂh %ﬁthQ§q%‘ Appifmgoaseph thesgihPhr  sol i d
bed fiPIale ”%Wénﬁﬁ“gﬂ} ‘iﬁ?ﬁ’gﬂs e 8eod e*a GF?]]‘%VQ P Y RE5R B @ /i ch,
for ad% usg e I8 B orbeTg gr 'd” 1 ”t‘ HAIFEQUS HASPUES eam
and i s>k Véqjﬁé Wb gﬁ’%‘é?d i) e fon %@1 %&‘i ﬁ‘f P 8%F §8‘ie RS Br
regenep ’P pal P LeBAINALRg 2as o i VRS 1RO ?’ H% orhnul ar
sol i dnE % @E?”Q?togher?éfeaf’r Péﬁ? é’ﬁ en ety e ISRYIEBHAL Wt h
this nEthod t”re lﬂﬂé & AREERPS ane gete’a(%e’rs @é r ed

£1 ushi nnermo%t carbon laver_i %]er%lld8¥e§}; %uf%pzeq;lépa e} re# 5 dp??srugf lettﬂgch ?\g %1ygas
104, &z CC\W?lmaE(ﬁ]S unrf,g\? loading St %fi xaalgs 3 few hgt/m asnfqaxredg

vol uneexsa;[n Fe ﬁ)grsthe imtak Ke it Iean T to the
i nf | ow SUPFace are %t fHE 81?]bon bed agal nst Whl ch the gas streans fl ow,

f_he rre}gruln;geclimlajrqlg ﬂ 90[4051393 ann ror er is known ngﬁ eate clf%at%mwm Chdl S
ESUI € gctric[% cuarreﬁpa%h ’hegl 1S charac enTzéd 1 ﬂnatt € a(%Brbem n?aaen% n t F 01 m ﬁ rous rve

O.u C.enc i(fae b} i e .r}e agsol I é]qo su han dsmbel 1S

di stri ?H%I n S,

a e
YRR R e g AR Q%d;r@ el o 1he
Servic 11co ZH%%E:? relglaaenrdAt tr'e OE thefc ? n élec‘?n 5’}% §P\'i‘/s in
this %}}J g nd (¢ L 01r 9 Qﬁe‘fgc n1 ctgoaf% VV]}] eve iial g af anl*? TSEIC

act | Va{’ 10w arsse’fl 1051%9'3 'ﬁ) 1%11 1t 1 L ht ﬁ] el Bte’a’r m£h xlrI
eXteri by of | %n%% AR, el g0k sa?ﬁi@o t¥e Gadus 1Ja P3 56 SEEHRL ur e
in theregtglré 'En ng (ﬁ?rf (J\A’f’pﬁ%(vs ﬁ%anQerrrP 25 hg ReY g g%thgeefrltel y5% 11‘?3/11 eitd tgsm t

of thiggd ‘?200° C.. 50 m’/h with a maximum load of 150,000 mg/m”,

=0
—-—Jﬂ
=

6

——
—_36—
95 :

CD.

4
“Eo

Several of these frames can be switched together air flow-technically and electrically for the treatment of
larger exhaust gas amounts in numerous sensible arrangements. Because of the very quick electrical
heating of the fabric which can be achieved in less than a minute, very high enrichment factors of up to
1,500 can be achieved which are advantageous when, for example, solvents are to be recovered.

A disadvantage is that a large expenditure must be provided in order to distribute the regenerating gas
uniformly across the filter surface. For example, the regenerating gas velocity relative to the filter surface
in the above example of a 1 mx3 m filter is only 0.01 m/s. For this flow velocity a pressure loss of only 10
Pa results across, for example, five layers of activated carbon fiber (ACF) fabric so that, at the time when
the regenerating gas impacts on the filter, the gas must already be uniformly distributed. This can be
achieved, for example, by a system of distribution pipes with numerous bores distributed across the height
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Finally, in this method it is a disadvantage that the control of the temperature of the activated carbon
fabric, which is also of utmost importance for safety-technological reasons for the practical use of the
method, is very difficult. The reason for this problem resides inter alia in that the thermal conductivity
and the heat capacity of the activated carbon fiber material is very low so that conventional methods of
temperature measurement, for example, by means of electrically insulating thermoelements, react only
with great time delay and, moreover, the measured value is strongly flawed because it is dependent on
how good the (accidental) mechanical contact between the thermoelement and the fabric is. Since the
heating duration of the fabric from room temperature to, for example, 200° C., requires only
approximately one minute and, moreover, the electrical resistance of activated carbon fabric has a
negative temperature coefficient, there is a great risk of overheating of the activated carbon fabric
connected with this method.

In both known electric regeneration methods of adsorbents a cooling step follows in which the adsorbent
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fabri Ccorn@ Qoeﬁ‘) 1e a&so g substantially greater than for desorption gas velocities
under 1 cm/s; thls is pamcularly desirable when the regenerating gas is air and this regenerating air must
not be further cleaned, for example, in the case of cleaning the intake air of buildings from the gaseous
substances contained in the ambient air;

requires no complex device for the uniform distribution of the regenerating gas across the inflow surface
of the filter so that, on the one hand, the apparatus expenditure for this distribution device is eliminated
and, on the other hand, the space requirement of such filters in comparison to the conventional
configuration is considerably reduced;

provides an intrinsically safe regeneration method with regard to overheating or burning of the activated
carbon fiber, i.e., no temperature control of the electrical power is required.

In accordance with the present invention, this is achieved in that alternatingly and temporally successively
with respect to time the adsorbent is heated by passing electrical current therethrough, wherein no
flushing gas stream is guided through the adsorbent, and, subsequently, with the electrical current being
turned off, a flushing gas stream is guided through the adsorbent so that at the same time the adsorbed
organic substances are removed and the adsorbent is cooled.

Preferably, the two steps of heating and desorbing/cooling are performed temporally successively several
times.



In both known el ectric regeneration nmethods of adsorbents a cooling step
follows in which the adsorbent 31 DEC 2004 4 is cooled to a tenperature
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FIG. 5 illustrates the breaking-through curve for toluene when using five layers of activated carbon fijter
at 0.3 m/s and 50% humidity;

FIG. 6 is a schematic illustration of the desorption step by means of a distribution pipe system;
FIG. 7 is a schematic illustration of the desorption step without using the distribution pipe system;

FIG. 8 illustrates the momentary power input during interval desorption cycled with 2.5 min. heating and
0.5 min. gas flow through the adsorbent;

FIG. 9 shows the regenerating gas amount during the interval desorption;

FIG. 10 shows the temperature course of the last layer in the flow direction during interval desorption,
measured in a contactless manner; and

FIG. 11 shows the concentration course of the interval desorption when changing between heating and
flow-through intervals for a power input of P.sub.el of 160 W=]()_kW/m2 and a desarption speed of 0.2
m/s with a crude gas concentration during adsorption of 40 mg/m” and a relative humidity of 50%.



flushing gas streamis guided through the adsorbent, and, subsequently, wth
the electrical current being turned off, a flushing gas streamis gui ded

t hrough the adsorbent so that at the sane tinme the adsorbed organic
substances are renoved and the adsorbent is cool ed. Preferably, thedi®dbl 2004
steps of heating and desorbing/cooling are perforned tenporally successively
several tines. 31 DEC 2004 5 Advantageously, the step of heating is carried
out for a preset period of tinme. The preset period of heating is cal cul ated
such that it corresponds to the tine wfich is mnimally required in order
to heat, for a preset electrical heating power, the conpletely unladen
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prior S§SPrPtiph Ga"zé’ é"H@i\Née IRVEIiXg nfepiat feST PSP ERR AN E R PHEAEEE enent s according to
the prior art; hows the tenp erature of  the activated carbon fi ber
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tenper EPRrE Grcasaling 3 ViR Uicdyier 2 rihade € erferioeiy a%f’é%:‘tfaaﬁhva%‘éw Bt the
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F
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annunt(ﬂﬁﬁﬂ t%P%ﬁT desorptlon FIG 10 shows the tenperature cour se

of the| ast di rection dur terva
rreasurgaarm th g b e ugﬂ |esorptlon Ofe ar supply was carie ougm tpe opp051l dd] thl'lQO nen

orptlon vsﬁ]elem asa ﬁmctlon o? rhe ghs velocity either via the desorption plpe 3 or the regular
pipeline 4, the desorption gas was introduced (FIGS. 6 and 7). The regenerating air was removed via the
regenerating air line 6. During the entire regeneration, which is comprised of the two partial steps heating
and desorption, the crude gas line 5 is always closed.

Measurement of the temperature during the desorption was carried out by means of infrared measurement
contactless at the filter surface and with specially prepared thermoelements between the filter layers.

The cycled desorption was carried out as follows (FIGS. 8 to 11):

Heating of the filter material by direct electrical heating with constant power supply over a time period of
2.5 minutes. The valves at the adsorber were closed.

After 2.5 minutes the electrical power supply was terminated, the valves were opened at the adsorber, and
gas was passed through the filter for 0.5 minutes. During this time period, the transport of the desorbed
solvents and of the desorbed water as well as a temperature reduction at the filter took place. After 0.5
minutes the valves of the adsorber were closed.

Heating of the filter material by direct electrical heating at constant power supply over a time period of
2.5 minutes.

This temporal cycling and course of the method for heating and passing through the gas were carried out a
total of seven times, subsequently the process was terminated, and a further adsorption process could

begin.

FIGS. 8 through 11 show the experimental results in graphic form for the power input, regenerating gas



FIG 1 1 shows the concentration course of the interval desorption when
changi ng between heating and flowthrough intervals for a power input of
P.sub. el of 160 W10 kWnl and a desorption speed of 0.2 ms with a Gr g%ﬂl»
gas concentration during adsorption of 40 ng/nY and a rel ative hum d?tﬁ
50% 31 DEC 2004 6 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The fol | owi ng
enbodi nent of the invention is based on experinental results obtained with a

device with which all inventive features have been realized. In a
Iaboratory apparatus sized for air quan7tities of 0-30 nB/h experinments with
regar ?dso tion and Lgesor tion reali ed with the inventive interval
desorpﬂ’%‘w GHURSPESH 81 Cc?’ﬁeé’ AURSTFRCFS Y at ed |n FIG 4, the |oadi ng |n
the la @t ry ad orber | is carri dou |nth | lustrated direction om
t he cr ‘g ‘u a% e g1y eqtappo (&L“P‘é ré]e?%’gtdﬂg”%‘i E Heryhdeseipiian Sﬁ’\}\ﬁ?c ‘%“é?‘”ﬁhﬁu ve
Iayerscyd ’&W BY- EAPBBITE 2pLr MO (RER) PuY ErReaMseE Wthi n the filter
frame. Fl};ﬂ and renoval lln(ﬁl,g 3.and 6 re cl ose(g durin (IShe | oadi ng
phase. % b‘fgﬁ‘b%%@ﬁtg?sa%”?odﬂt 88 WErtteet ted B 5 A AT 8E 9U4® g/ nt 3
for th&¥8daRVe t ol uene wherein the relative humidity of the crude gas at a
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desor be reduct ?llter took pl ace.

After Qnalsmgly, and very advantageously for the suggested method, it was also found that for the
regeneration method according to the invention the regenerating gas velocity within wide ranges
practically has no effect on the desorption quality, the consumption of electrical energy, the electrical
power and the clean gas quality during the subsequent loading phase, when the number of desorption
intervals was unchanged. This can be taken form the following table.

<

Regenerating Gas Velocity [en/s] 5 10 20
regenerating gas distributor yes no no
number of desorption intervals 7 7 7
electrical heating power [kW] 0.16 0.16 0.16
energy per desorption interval [kJ] 24 24 24
maximum desorption gas concentration [g/m’] 10.2 11.5 10.5
crude gas concentration [mg/m3 toluene] 40 40 40
relative humidity [%] 50 50 50
clean gas concentration at the beginning 0.1 0.18 0.13

of the following loading phase [mg/m’
toluene]



m nutes the valves of the adsorber were closed. Heating of the filter
material by direct electrical heating at constant power supply over a %'
period of 2.5 mnutes. This tenporal cycling and course of the met hod kgﬁL
heati ng and passing through the gas were carried out a total of seven
times; subsequently the process was term nated, and a further adsorption
process could begin. FIGS. 8 through 1 I show the experinental results in
graphic formfor the power input, regeQerating gas 31 DEC 2004 7 anount,
tenperature course, and concentration, respectively. FIG 8 illustrates the

mmntWﬁWﬂ—n@&hﬁ—n&Hﬂiﬁ%ﬁw—%ﬁ ed out
wth a 9CF 2%?%@ 13 LB heating and 0.5 mn. for gas fIOM/through

the a d%?&uﬁ Y mna)% regeneraring gas amou aring our se of
t he inn<m ac ﬁ% 9] Pi af?i%d out as 3escr|bed above. FIG 10 sh ws the
t enper st | ayer in the flow direction during interval
desor pt't ‘H¥S°$W8“F@ﬁﬁgpﬁfure was measured in a contactless manner as

described above. FI'G I 1 Shows the concentration course of the interval

desorption mhen changing betmeen heating and rom#through intervals for a

160 desorption, sp th
e T amﬂgﬂf B PR E § e ot fst%ﬁtoa”'i'lgia? Fe ™
huni di § mwwwp ?Wﬁ%@*i FUOP AY PRgp'y éﬁ%%ﬁ%W%efuta
by the ?@?’PW&“?hWBPUE?S during heating are the result of the primarily
occurring desorption of the adsorbed water on the activated carbon fabric
(ACF). Beginning with the third interval, the stationary tenperatures for

t he correspondi ng power supply and tinme were obtained. Surprisingly, it was
found that with this interval regeneration of the activated carbon fiber
material with only seven intervals alnost a conplete desorption could be
obt ai ned even though during the actual desorption tine, which is identical
with the cooling tinme, no electrical heating power was supplied and even
though this time was very short, for exanple, only 30 seconds for a
regenerating air velocity of 20 cm's, and even though in this tinme period
the tenperature of the activated carbon fiber fabric was |owered from
initially 220 C. to approximately 40 C. In the subsequent | oadi ng phase the
sane service life was obtained. This shows that a stationary state was
present, i.e., that the interval desorption achieves the desorption of the
sane anount of toluene as had been adsorbed in the |oadi ng phase.
Surprisingly, and very advantageously for the suggested nethod, it was al so
found that for the regeneration nethod according to the invention the
regenerating gas velocity wthin w de ranges




practically has no effect on the desorption quality, the consunption of

el ectrical energy, the electrical power and the clean gas quality Qrghag 0
t he subsequent | oadi ng phase, when the nunber of desorption interva @4
unchanged. This can be taken formthe follow ng table. Regenerating Gas
Velocity [cnmis] regenerating gas di strPbutor nunber of desorption intervals
el ectrical heating power [KW energy per desorption interval [kJ] maxi nmum
desorption gas concentration crude Qﬁs.concentration [ mg/ N8 tol uene]
relative humdity [% clean gas concenff4tion at the beginning of the
foll owi ng | oadi ng phase [nmg/nB8 toluene] 51020 yesnono 777 0.160.160. 16
242424 [gﬁﬂﬁ}l .211.510.5 404040 505050 0. 10.180.13 31 DEC 2004 Regenerating
Gas VéIOC|fySfEWP§ “service life up to the point of breaking- through
concentration of 10% of the crude gas concentration [in in] 8 51020 443940
VWi | e specifi odi ments of the jinvention haye been shown and described in
ot ar 1 Lo bl e RS Tl SRS bor faigy P BEotindirergod. ¢ hat

t he i nveniid méahsmaonpeisiegrimediepdofot her wi se wi t hout

a) heating the adsorbent by passing electric current through the adsorbent while not passing a

flushing gas through the adsorbent;

b) subsequently, passing the flushing gas through the adsorbent while not heating the adsorbent
by passing electric current through the adsorbent so that the adsorbed organic substances are

flushed from the adsorbent and the adsorbent is simultaneously cooled by the flushing gas.

2. The method according to claim 1, wherein the steps a) and b) are alternatingly repeated several

times.

3. The method according to claim 2, wherein the step a) is carried out for a preset period of time.
4. The method according to claim 3, further comprising the step of calculating the preset period of
time such that the period of time is the amount of time of heating the completely unladen
adsorbent at a preset electric heating power to a preset maximum temperature.

5. The method according to claim 3, wherein the preset period of time for the repeated steps a) is
selected such that the organic substances having different volatility are successively desorbed and

collected according to the volatility.

6. The method according to claim 1, wherein the empty tube velocity he adsorbent is 0.1 m/s to

0.5 m/s.

7. The method according to claim 1, wherein the adsorbent is comprised of fibrous activated

carbon in the form of nonwoven, woven, or knit fabrics.

8. The method according to claim 1, wherein the step a) is carried out for a preset period of time.



departing from such principles. 31 DEC 2004 9 C/ahns What is clained is:

A nethod for regenerating an electrically conducting adsorbent |aden mnt@
organi ¢ substances, the nethod conprising the steps of: a) heatlng3ﬂHEC 004
adsor bent by passing electric current through the adsorbent while not
passing a flushing gas through the ad$brbent; b) subsequently, passing the
flushing gas through the adsorbent while not heating t he adsorbent by
passing electric current through the adsorbent so that the adsorbed organic
substances are flushed fromthe adsorbent and the adsorbent is
SlnU'tanﬁﬂmﬁéMeﬁaﬁkﬁadD¥t$H@mftuﬁhthmQﬁ&ngaws%B@f&ﬁiﬂ@dgﬁﬁ%ﬂ%&b&gﬂk@ claim
1, wherein the steps a) and b) are alternating repeated several tines. 3.
The met hdweai‘s&lbﬂlaﬁtﬁgp%d@f 'éﬂfl?ﬁséhe ‘%)\)Ffé‘ﬁb(ifr‘f“ler?@“’élf e@ha):omgletearumaé@ out for a
preset perifEknht algrdte: eldbiric Hagin¥ebheto aprad taRthuhPempahiite3, further
conprising the step of calculating the preset period of time such that the
period of time is the anmount of tine of heating the conpletely unladen
adsorbent at a preset electric heating power to a preset maxi nmum
tenperature. 5. The nethod according to claim3, wherein the preset period
of time for the repeated steps a) is selected such that the organic

subst ances having different volatility are successively described and
col l ected according to the volatility. 6. The nmethod according to claim1,
wherein the enpty tube velocity lie adsorbent is 0.1 ms to 0.5 ms. 7. The
met hod according to claim1, wherein the adsorbent is conprised of fibrous
activated carbon in the formof nonwoven, woven, or knit fabrics. 8. The
nmet hod according to claim1l, wherein the step a) is carried out for a preset
period of time. 31 DEC 2004 10 9. The nmethod according to claimsS, further
conprising the step of calculating the preset period of tinme such that the
period of time is the anmount of tine of heating the conpletely unladen
adsorbent at a preset electric heating power to a preset maxi num

t enper at ur e.



