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Abstract .  Fresh dry BPL carbon capaci ty  for  HCN, CNC1 and C0C12
was  23 ,62  and  153  mg /gn  respec t i ve l y  a t  5 "C  and  lT  cm/sec
supe r f i c i a l  a i r  ve loc i t y .  Deso rp t i on  was  a t  100 "C  and  8 .5  cm/sec
Capaci ty  dropped to 18,  49 and 44 mg/gm respect ive ly  af ter
twenty cycles. The effects of humidity, tenperature and desorp-
tion paraneters are compared to those obtained for heavier ad-
sorbents,  which deactJvate even more rapid ly .

I ntroduc tl on

Toxic chemicals can be removed f rom ai r  by
adsorbents such as act ivated carbon.  The carbon
has  to  be  rep laced  pe r i od i ca l l y  s i nce  l t  has  a' l  

imi ted capaci ty .  The carbon can be regenerated
thermal ly  at  h igher  temperatures and can be reused.
Thus a two adsorber system ¡rhere one bed is ad-
so rb ing  wh i l e  t he  o the r  i s  be ing  regene ra ted  w i l l
have a long operat ing t ime and carbon replacements
w i l l  be  neede {  on l y  occas iona l l y .  Howeve r ,  p re -
v ious  s tud ies r ' z  have  shown  tha t  t he  ca rbon  bed
when regenerated loses some of  i ts  capaci ty  due
to 'deac t i va t i on ' .  The  p resen t  s tudy  de te rm ined
exper imenta l ly  the deact ivat lon of  BPL carbon by
Hydrogen Cyanide,  Cyanogen Chlor ' lde and Phosgene.
A two adsorber  cyc l ic  deslgn is  conpared wl th a
s ingle adsorber  in  terms of  operat ing t ime for
each of  the three chemlcals.  Resu' l ts  obta ined wl th
Dl-methyl methyl phosphonate (DüilP) and Styrene are
presented for  compar ison.

Experimental Apparatus

Three air streams were mixed in required pro-
por t ions to generate the adsorpt ion in let  f lo l .
The f i rs t  was a dry a l r  s t ream, the second a
humidi f ied a i r  s t ream wi th known hunid i ty ,  and the
th i rd an a i r  s t ream wi th a known concentrat ion of
the pol lu tant .  A i r  mixtures wi th l -2 volurc per-
cent  of  HCN, CNC'I  or  C0Cl2 r ,ere purchased f rom
l,latheson 6as Co.

Act ivated carbon was packed in a column in an
oven.  ln  addi t ion to the heat ing coi l ,  the oven
was provided wi th a ref r igerat ion systern.  The
column could be mainta ined at  a s teady tenperature
ranging f rom 5oC to 200oC. Three way solenoid
valves were provided at  the adsorpt ion in let  and
out letg l f ien adsorpt ion breakthrough concentrat ion

'ra-q."d?tj#d the val ves were positioned such that'c feáñtd i i  
f lowed in the reverse d i rect ion and

simul taneously the oven.swi tched to the desorpt ion

mode and mainta ined the colunn at  a h igher  tempera-
ture (100-150'C).  When the desorpt ion-breakthrough
concentrat ion was detected the f low was again
swi tched so that  the adsorpt ion in ' le t  s t ream f lowed
through the column. Adsorpt ion and desorpt ion
breakthroughs were detected by two Var ian f lame
ion i za t i on  de tec to rs  ( f tOs ¡ .  One  e igh th  i nch  SS
tubing was used for  connect ions and l , la theson
rotameters for  f low measurements.

Exper imenta l  Resul  ts

A ' l 1  expe r imen ts  we re  done  w i th  an  i n l e t  po l1u -
tant  concentrat ion of  3000-3300 m9/m3. Desorpt ion
temperature was l00oC and adsorption temperature
was 5"C.  Desqrpt ion breakthrough concentrat ions
were 600 mg/mr for HCN and CNCI. For Phosgene it
was 

. |400 
mg/mr.  Superf ic ia l  a i r  ve loc i t ies yrere

17 and 8.5 cm/sec for  adsorpt ion and desorpt ion
respect ive ly .  Desorpt ion breakthrough concentra-
t ion,  desorpt ion f low rate,  adsorpt ion temperature
and desorption temperature were changed for a few
cycles in  the course of  the aging tests to s tudy
thei r  ef fect  on the process.

Desorpt ion temperature and desorpt ion break-
through,  concentrat ion were chosen keeping the
feas ib i l i t y  o f  t he  p rocess  i n  m ind .  A t  a  deso rp t i on
temperature of  l00oC cycl ic  operat ion was feasib le
for  a l l  the three chemicals.  A very low desorpt ion
breakthrough concentrat ion ensured a h igh degree of
regenerat ion,  however the regenerat ion t ime becomes
very large.  The adsorpt ion capaci ty  for  the next
cyc le  w i l l  no t  be  p ropo r t i ona l l y  h ighe r .  Qeso rp t i on
breakthrough concentrat ions (600-1400 mg/m3) were
chosen so that  for  the operat ing condi t ions desorp-
t ion breakthrough t imes were less than adsorpt ion
breakthrough t imes.  Exper iments were general ly
done in dry a i r .  Humid a i r  was used for  a few
cycles to s tudy the ef fect  of  in let  humidi ty .

A th i r ty-s ix  cyc le exper iment  was done wi th
HCN. The capaci ty  of  f resh BPL carbon was 22.9



Table I  Compar ison of  Convent ional  and Cyct ic  Adsorber  Designs

Fresh  Bed  Capac i t y  mg /g  117 .5
l s t  cyc le  BT  f ime  m in .  l 74Z
Cycle number at ter-

m ina t i on  I

4 5 4 . 0  6 2 . 6  3 s 9 . 0  t 5 3 . 0
2980  2x76 .5  | 468  2x l  | 7 .5

2 2 . 9

2x64

263 ' t0t 5 7

To ta l  0pe ra t i ng  T ime ,  H rs  29 . l  363 .1 49.7 270.9 24.s  28 .0

mg/gm. Af ter  f ive cyc les the capaci ty  reduced to
18.1 mg/gm. Af ter  that  there was very l i t t le  de-
act ivat ion.  Adsorpt ion capaci ty  for  the th i r ty-
s ix th cyc le was 17.2 mg/gm. The deact ivat ion óf
BPL carbon by Cyanogen Chlor ide was studied in  two
separate experiments. The first one was done for
th i r ty-s ix  cyc les.  The f resh BpL carbon capaci ty
(a t  5 'C )  was  61 .7  mg /gm.  A f te r  f i ve  cyc les  t he
capac i t y_was  51 .2  mg /gm.  A f te r  t h i r t y - s i x  cyc les
i t  was 47.5 mg/grn.  The second exper iment  wai  done
for  four teen cyc les.  The resul ts  were consistent
wi th the previous run.  Also the ef fect  of  in let
humid i t y  was  s tud ied .  Cyc les  9 ,9 ,10  and  l l  we re
done wi th 70f  in let  RH. The resul ts  shoned a
capaci ty  decrease f ron 51.5 to 44.2 mg/grn pre-
sumably due to compet i t ive adsorpt ion of  water .
t ' |hen the bed was presaturated with 70f hunid alr
for eight hours the capacity dropped from 50 to
38 .3  mg /gm (cyc le  13  and  14 ) .

. .  An_eighteen cyc le run was done wi th phosgene
by Mr.  Paul  Nowak.  The greatest  decrease in éaoac-
i ty  took p lace between the f i rs t  and second cycies
(153 .2  t o  136 .3  mg /gm) .  The  capac . i t y  con t i nuád
to decrease and at  the end of  18 cyc les i t  was
la .9  rS lST t  on l y  351  o f  t he  f r esh  ca rbon  capac i t y .
Cyc les  9 ,10  and  l ' l  we re  done  w i th  701  i n te t  RH.  

-

The resul ts  showed a capacl ty  decrease f rom g4.4
to  63 .9  n9 /9m.

Cycl  ic  Adsorber  Deslgns

Exper iments in  our ' laboratory4 inc luding the
present  s tudy have shown that  ASC Hhet ler i te-has
a very h igh capaci ty  for  most  pol lu tants.  Horever
ASC Whet ler i te  is  not  su i table for  regenerat ion.
Therefore, a two adsorber cyc'l lc deslgn with BpL
carbon must be compared with a convenilonal de-
s ign us ing ASC l {het ler i te .  A two adsorber  design
wi th each adsorber  having 1/4 by weight  of  ad-  

-

sorbent  compared to the convent ional  s ingle ad-
sorber  was chosen for  compar ison.  An a i r  f low
basis of  I  c fm/ lb carbon was chosen for  the con-
vent ional  design.  In  order  to produce the same
quan t i t y  o f  pu re  a i r ,  t he  cyc l l c  des ign  w i l l  need
4  c fn /1b  ca rbon  o f  a i r  f l ow ,  I n  add l i i on  a t
least  251 of  the a i r  f ' low wi l ' t  be needed for
regene ra t fon .  Th i s  g i ves  an  a i r  f l ow  o f  4 /0 .75=
5.33 cfm/ lb carbon.  The cyc l ic  operat ion ras
tenninated arb i t rar i ly  when 8pL carbon's  capaci ty
reduced to 1/2 of  f resh capaci ty .^  t { i th  adsórpt ión
in let  concentrat ion of  40 nmole/m3,  adsorpt ion
temperature of 5"C and desorption temperature of
100oC,  above  resu l t s  (Tab le  l )  we re  ob ta ined .  A
compar ison of  the tota l  operat ing t imes shows that
the. twq adsor . , lc¡ -design has a def in i te  advantage
in the casa-of',|$f and CNCI . For phosgene the-
improvehcñfaih'-tfta I operatl n g tirne i s 
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marginal .  The adsorbers were assumed to ooerate
at  the same superf ic ia l  adsorpt ion a i r  ve loc i ty  of
I  7  cm/sec.

The deact ivat ion data obta ined for  the three
chemicals were cornpi led a long wi th the data ob-
ta ined_for  Styrene and DMfr lp and p lot ted as capaci ty
vs  cyc le  nunbe r  as  shown  i n  f i gu re  l .  I t  i s  b re - :
sumed that  the deact ivat ion is  due to accumulat ion
of  s t rongly adsorbed species in  the pores.  For
l ight  iner t  gases such as oxygen or  n i t rogen only
weak physisorpt ion takes p lace and the deiorot ioñ
process is  complete ly  revers ib le.
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Figure l .  Deact ivat ' ion data.

Re ferences
'1.  

Proceedings of  the Fourth Internat ional
Syrdrposium on React iv i ty  of  Sol ids Edi ted by
J .H .  DeEoer .  E l sev ie r  pub l  i sh ing  Co . ,
pp .  643 -648  (196 t  ) .

2 .  K i sa rov ,  V . t ' | . ,  She l vqu in ,  A .L . ,  p rom Sn i t
o c h i s t i k a  G a z o v ,  5 ,  l 4  ( l 9 g ]  ) .

3 .  Guo,  Don,  t lS Thesis,  I , lorcester  poly technic
Inst i tu te,  l , lorcester ,  MA, 

. |983.
4 .  Scho l l ,  J . ,  MS Thes i s ,  Worces te r  po l y techn i c

Inst i tu te,  I ' lorcester ,  MA 1984.

Note:  The abstract  "Capaci ty  Decay of  Reqenerated
Carbon  A i r  F i l t e r s ' ,  by  A .H .  l ' l e i ss , -K .  Gürü2 ,
and D.  Guo is  in  the proceedings óf  tne lOt t i
B ienn ia l  Con fe rence  on  Carbon , - Ju l y  l g_23 ,' |  
983,  San Diego.

Adsorbate HCt{
Number of adsorbers 

--T----Z-


