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. ef f ect i VeJips n in accordance with the present invention will depend on a :

number of factors, including the concentration and absolute amount of any one or 60
more the malodorous compounds, especially sulfur compounds, being adsorbed
from the gas stream being treated.
~ As is recognized, the amount of malodorant composntlon especlally hydrogen
sulfide or other malodorous sulfur compound, adsorbed by any particular
65 -activated carbon will be a function of at least the following factors: basic degree of 65



treated activated carbons of the present invention. Enhanced renoval’
capacity is shown by conparative determ nat I ons usi ng Vi rgl n activated

car bon. G A8 i rs—general |y,
usi ng the 25 : treat ed actrvat ed car bons of the pr esent invention, has

been nmeasured py nmeans of 25 a dynamic ol factonmeter. Such a device, and
details ofrhowto use it, are avail abl e from Chi cago Scientific Inc. CI '
e

equi val ent devices may be used. Basically, a dynam c ol factoneter uses
human ol fagtory systemin the formof an odor panel to performa subje

eval uation of thg odorant level. This subje¢gpisg 30 ~.evaluation may 5
t hen on t he bast+s—ef—stattsttcar—consTder d.l 1 lﬂllb be—Us u TOGSI anl | 30 an
obj ective dquantifi caﬁt‘tﬁ‘ﬁ“?ﬁ‘fﬁf PFE,@ g?ﬁg{ sul § campoun ?ﬂ@ﬁ &tions
serve as a basis for g i&ﬁi 6 breBbr ¢ acﬂ édsoar £cbdrisedsiof 1he
renoval effi.ciencies. aét‘ﬂaadtr_ceﬂ)bnf.e}csuit?%b}f‘bmvatcﬂ:éaﬁlm amﬁwgm%{%a%tauatad%&%%oom
provi ded V\Aw ofor - f selec or Plepy g p USFAR AV a -
0 eam of "dS0dor | 70 tagt emien [ng, U bl g e g oS0 FHR b

an odorant or known. cmmsc N paéferdéd t035sebBPD nmhra aytivatd deudruon felvearpor mbasea3| ng

concentrations until E!tcemnadnb faqwe@tiy Fh& P;gfgg{'zhc tivap d erpaﬂi 16
perception (oddP) t hrp‘etésﬂgfﬁg Bgf % ﬁ‘bﬂm éilthﬂ%ﬁt' les :
sel ected by screeni ngy,i{0f B%s Olol" Siévs Seilg avé prefekrad abpant s.

A sanple of air to bebeaxamdmﬂt ﬂéwratesad»fahlogarstrem Fregt Ehrt?l? atdg
i ntroduced in the sar?en%t?dn-‘erm '}{ g?r‘fﬁ%"él‘)’s oBF AR 15

$spegip
d
odor 40" per cegl on ara%tmg@t? ﬁnrﬁsatr@ftt:ttd e ofirbtal e dibed
stream cont ai ni ng mi'dﬁ ﬁlra'ﬁyl'ﬁnaﬁmm&hteffmdy atasﬁlecaf:tmateﬂmmhm malk&om “is

normal i zed by corrparr%i)wrwnt pHAry R ‘@ s are
Sxpressed 11 odgr on IO STGEAE GFEa T
Cobal air f1ow D t here o carried Git sBBlp 8 kabing (i viewiooro dcaonmrtron
air flowin the dynamatboolufmvonwllme of aqeous NaOH'nfﬁ E‘%ffe’aIS taﬁ s B Kg%’t‘al

gt
mekeup of the gas str J‘t@‘hels pend :tlfa a8 7?@“
conposi tions, egpeci & futto BEd; %ﬁ’ch@ QMSle&id themmmom éntoi S 25

not critical, provi degnéthat the m;mzd MaFnsez@ erl haﬁl’ n(failﬂ hat; the BPL
mal odor ous conmpounds W‘thedb§f?@m h‘#ﬁ, 'ﬁ@gﬁ xed

50 with ef fluentg e ‘ﬁr RPN ﬁtﬂ'&ﬁsﬁ o 3%’35&3&1 N nugaﬁ ritidnfafat,TENt
facilities, 50spetrasf alto i@y negnaﬂ p-le@tztes pummduaﬂga lrbnzret henoiihef txmy o rra9°

be in very .small arrmdwmbefb therej mest)ell jajgo peh

percent by vol une, pr“r%f %{ﬁ. lﬁgtrtten&peﬁ@ lﬁ%/a@t

| east 15 percent by v bR < séd? o Jxﬁlﬁfpl@)th@l&ﬂ)la t&ﬂtmay Be ﬁhﬁiedﬂﬂﬁhgﬁﬂ&t
readily fromaiss if aiivat nmlserahaﬁﬁemg used i '&?‘5 retatﬂtﬁltt gas ¥

stream being treated:i @q&%&%@%&;&ﬂ Plontod aciméey-
() 1

oxygen may, of cour seméag beiR 1mﬂ%ghaﬁ$iﬂmg86de§¢ﬂbedim
being treated, if oxy@en pasictlat detdilyheadimadtat. or ' resent In insufficient

amounts. As wil4#0 be appriékle eHaOFP/H;S E%gt gi‘\ |rrum
mal odor ous conpound qﬁg‘@ﬁiﬂ[a vdrtl t (3{.;%0 smso vufrf,ﬁbl g SaQﬂGatdtgrﬁggﬂgjgg

will depend on a 60 associatibiiviehi tiaf mfp&ghmdsNaOHctesdts rig at lactivatgd cetbon avh lpasn and -
absol ute_anount of a qupﬁemcﬁ&pacsﬂfm mal“ﬂﬁr‘ tgﬂ}ﬁg aip. SERSF

especially sul f# co %& ﬁigfff}ﬁhg,ﬂélé fish ?ll'lbyﬁﬂ q 15 45

treated. As is recogr tearmﬂuah eff ctsrmktmﬁtmmhtncnemmim ettmahmaleétpwr ally

hydr ogen sul fi de or . ' witpewndmdsanphi (p@,gacitggﬁtpg,pct h&é
particular 65 g, a gl #ﬁfrg%}tm o‘%v c ro 0

foll ow ng factors: Verm=Y-) H;_fema
1,501, 571 The desn‘ed monsture content of &ea[ctlyagg@tcp@nn gtfacgtn }tly@!sed

carbon for the part| ﬁﬁ%?‘?ﬁrw gﬁéﬁlﬁégﬁdg E“g R ﬁgﬁ

activated carbog, par haitiesschi, 100 B bebdfos dlsﬁfﬁciejhﬂo the desitddace 55'.'_
area of the acti vat edansahbenrhoisting. H vsumfoamee chvaldast be rmd@sdmthphetem :
activated carbon. A sthitithitacbogdeqomss ﬁhgqsatlrtf?fbww&thérir%rrd wReEn ¥adi | y

ist dll S % elves.
be 5 -sel ected. FOF ﬁg ‘ﬁ&b -'an gii m nﬁ?egi?d’t&f QEdvaitdt QurbbRe ANthd Préseamt ed
carbon vvhose pogees  Sintkavien bsaéﬁetaeria&t apgesl bven @rdifiany atthetedomtbopsint additiontfoe - 60 |
range from 10 to 80 Apnhhmcehagsom;eq capacity for ‘malodornat compositions. For. example, the
NaOH-impregnated activated carbon can prevent the accumulation of slime on the
activated carbon, thus preventing interference by the slime with its function
through blockmg of the activated carbon pores. And the NaOH-and-moisture-
65 impregnated activated carbons of the present invention do not require water 65




found particularly inportant to use activated carbons having high surface
areas. Thus it is preferred to use BPL granul ar activated carbon for vapor
phase—appti i i }
Company, 10 Pi ttsburgh, Pennsylvania. Ganular activated carbon is
preferred to powder; and 10 the size range of the granulés is largely a
er of choice, although granules falling between Nos. 4 and 10 of the
Sieve Series ate preferred. It has al so been found t‘hat flow rates of
gas stream being treated through the bed of activated car-bon especially
affeg the breakthrough capacr t1|5g§5ﬂf the act| vat ed 15 lg_bon as wll
be mmwdgé)%%épge. etrraft eé’. — r\‘gmt@r 8@“ rralyﬂnber hed-tjam
t reat-nent 1§PRIC s TR ¢as¢ forrargli carriedout in
any. manneP A %ﬂ%”'f"‘%ﬁ&“ DA bRkl 2a A6k xfath G@foon with from 0.5
* percent tinvéiopengaficolrye, beiggdtalddk nNB&Lfm% @ﬁt ddbrait dry activated
car bon. TeRm &ng@b g;éddlmrﬂ %3 d @theNam@edori selgrrafomdounﬂs Homavei, 0 tos545;and 20
on y

partl cuI aihaF g{gﬁ%ﬁg&ﬁ% :g niFinipg ﬁ‘? ;(ﬁaqded car b??)n The

pRegh aved) twi Var s G l@:gct virgin or
I oaded ac%rranatrmtsomytb@mserdtThttssfoommplal zulml uﬁbr th dhla@rédsol ution of from

5 t¥ 60% I and=moistars mpvglmt@duce 0he .r equi r ed
lnpregnatnmn {I;ieg%ﬁ reseﬁt’ﬁ'en ’:f'ih o:fp ﬁéﬁg %ﬁﬁr‘? i mately on the

concentraltmmreatedl #5thereof. so ut| on-.used onl'y be as nuch
time as :ﬁustm 'h@esNﬂE!Fh Ve @Q, élnelw B@tlvtttlhe activated
carbon, FRETAEIe: a‘b‘:ﬁggﬁgﬁﬁfg E ?E ‘ﬁ?“ Bt ed darbon i's

ef fecti veﬂhyrebyrpregnat ed I n accordance WI 'Avention when it is
soaked in its own vqurre of - 483rcent by vvelght NaCOH for -only a few

m nutes. _Ht I\QAA, neg elopt for e ation al one, 30
- as. @mposeﬂor&terel 5% ltgfsglnl?otzemstt&&aw Qfma% @%@@ﬁsperl gg’s of tinme,
as 30 tlZﬁscrl@’betdleHmneiThaHtSaroncéﬁtm dflt tﬂruwl asarhsmortltbn:d t o be dependent

upon the P hé‘?e Hbt hods of
o eime SR °"wm,%i§“ R g sl o
quapg i ti elsad;ﬂ dﬂd(ﬁ:geaeldtmmwﬁh lsubseqmﬁt rdgﬁa n' wad[caftiédrgut.€Thet he KaOH sol ution

may be pa¥ed r rhogsample was Tun te@l @falﬂb‘mesrﬁtmémg,t han bei ng used

in a stat E & Gvﬁl ngy 6?-? oug a?:f:flc %ﬁﬁ“f ound that a

preferre 3nm Byoetight. ItMat d d;xmgm daﬁbﬁrég%ner 16n picedires d on i.n which -a

~ NaCBo sol LPEFQJ# ta 51 edspmtegphh&-l-&ﬁ%wﬂiuvatédactmtndn beizag t unbl ed
" o SR e

noRTockAYes, rwellas the mselfs,i n nor e
particular detar erelna ter. E VWi le the NaOH regeneration of
~ the loaded actrvated carbon- restores the 40 activated carbon essentially
‘to its adsorption capacrty as. VIrgln actlvated carbon, it has been
di scovered that the presence: of ~noisture i.n the- actlvated carbon, in-
associ ation with the .inpregnated NaOH, “results i-n.an .activat ed carbon whose
adsor ption capacity for: nalodorant conposrtlons “especial ly [err] and ot her
sul fur 45 . conpounds, i-s. i-ncreased as ‘much as tenfold over the
adsorption capacity of vrrgrn 45 activated carbon for-the malodorous
conpounds. Wil e the presence of ‘froi'sture~in virgin activated carbon
effects a substarntial increase in the total. ‘mal odor 6us conpound adsor ption
capaci ty-of the.activated carbon, .as conpared to dry, that is,
- noi'sture-free V|rg|n acti vat ed carbon the overal | “effect produced by
combining 50 . -, NaOH and noisture in treatnment “of -activated carbon, -is a
synergistic one, as will 50 be denonstrated hereinafter. The desi red
moi st ure content of the activated carbon i-n accordance with this invention
i's readily obtained by using moist air during the drying step follow ng
NaCH i npregnation. Drying with air. having a- rel ative, humidity of from50 to
55 somewhat | ess than 100 percent has been found suffrcrent to
i ntroduce the desired 55: amount of fivi st ure. ~.‘However, - moi st ure shoul d
not be introduced to.the, extent t hat ‘the car ban. becones et . Ot her et hods
of |ntrodUC|ng t he .desi red ampunt -of noi sture will: readily. suggest
t hensel ves:. The NaOR-and- noi st ure-inpregnated activated carbons of the
present 60 . i nvention possess advantages over ordinary activated
carbons in add|t|on to' 60



enhanced adsorptive capacity for mal odornat conpositions. For exanple, the
NaCH- i npregnated activated carbon can prevent the accumul ation of slime on

t he activated _carbon thus—prevwertthg—irterfererce—by—the—stHre—wth—i+ts
function through bl ocking of the activated carbon pores. And the

NaOH- and- noi st,ure- 65 i npregnated activated carbons of the present
i nvention €o not reqU|re water 65 6
1,501,571 ~ 6 scrubbing . prior to use in odor contr

applicatiops, which is the case for ordi nary activat ed car bons pr epar ato
to such use. The NaO-l and rml sture |rrpregn
present inventi-oa- COL.S8 : ; : o :
mal odor ant \& co‘np05| tic ons, i ncI udi ng ’IHZSEa{nd ot her nal odorous suI fur
conpounds. However, 'S th 8 t.g.w QUSL ok SEBab @91k Wi th beds
contai ni ng other actiwvat eﬁycﬁeﬁsn%% ng-ord l|°nary virgin gCtI vat ed
carbon, as vel | as activated: .carbons mprenggheMwn rBrwétFlwwsis ia tic
mat eri al s. “Vari ous co“hat| '.g q;t bea K} .r-a_.fﬁgam‘%nﬁ?ay 56 p‘i@ aﬂ%l% for

exanpl e, a bed of: ordifa o BeH— S d
together with a bed of khé’lmGﬂFbamP‘PPrt?fié? ur gnat ed§6 10 ac \4@
carbon of the present invé&ft 5"8%H, either upst’ rr(l'F , before t ed - of

NaOH and noi sture |npregna'rz.6d{:a&htﬂbaﬁaeﬁlwaar bon wi.th respect to the effluent
gas being treated) or domﬂs@ﬁeﬁ?ﬁ-%h@%e‘e‘t’ﬂ The fol | owi ng exanpl es;: whi ch

i ncl ude conparative data,. fﬁﬁ:f S ﬁ’y‘g‘ hietter 15 illustrate the
treatment and regenerati orieyf ﬁp ho fNe present invention and the 15
dramatic increase in tnal dtoVain - sul fur-co 38 B! He or pi02avin. capadinty
produced thereby. EXAMPLE 1. 15 ml (6.55 gngftfrdua 'virgin 4 x 10 BPL
activated carbon was expos@Gi ! Qafh one bv B0I St Ur €. and then used to renove
[err] froma gas. stream Tha wW2NsMEH16WedWwyWWas 20 '2.26 x [err]

mol es/ m n.. The [err] conce'rmfa'@ﬂohftﬂucﬂcﬂe out f| ow gas was. noni tored and the
tinme el apsed after com*renrfg g (};)(f“ ﬁé‘gsanpgﬁﬂrqfﬁto whkﬁhh"t he hH2Sv%
concentration |level reached 50 parts per m rksﬁkﬂmbS’ vol une of the outflow

gas was recorded Once this level was reached, the actiyated:c %
consi dered 25 1 oade$i a?‘?deP’@g"é‘h’éraéth%h%\ﬁ ?155“@{)?& "T“?Tprgla ath 6n was

carried out. The = 25 .original ‘activated car&bgn sanpl.e was run through a

total of 10 cycles of |padsatig proteigene cailé On ARy i rQagnaIllm)m d\%3 wiefe whi ch

the regenerationfinpregnation. procedures we faesjdna| The NaOH was used

t hroughout at a concentgatg pBEedﬁx% ag%g,gé/ﬂm ght. It was found that the:
repeated regeneration procaguoms: fif-agiged 30 _a _constant "heel", or .
residual -adsorbate, of 2.@ha78040d¢hindr in t<%é5 b‘ht ed0m@o calort® The
details of the various regeneration proceduf&égs‘ vveII as the results, are. .

set out in the-follow ng t RE roeddudal @ycle 3 7
1,501,571 TABLE | H2S Adsab weérhyaxpdstﬁ?awstl c Regener at’i on on 4x10 BPL

f Catr bdn

Carbon Wi ght Pi ckup ‘Break lh{%ﬁ.’f

After Time to % Loadi n? gﬁg “&ar bon sé&l{apg?mentlgsmm Pr eyflrﬁeattqrrent

50 ppm . of H2S 1 \fsrgl n carbon exposed to noi sture o 0.4
g. of [err] 86 mn o%%“'%ﬂ@(} ‘f’;‘;’iowed 5-Hr. Caustlcwash with 7 bv of

_0
33.3 wt - % NaCH by water wash to reduce pH

followed by N, drying
followed by exposure tq N, . S
* (100% RH at 25°C)) .. ' ' .
for 2 hrs. (10 l/mm) C 2 15 g. of H,0. . 120 min. 13.3 wt-%
© & residual S : .

.9 15Hr, exposure to one bv of -
33.3 wt-% NaOH followed by
draining followed by air-

: drymg followed by exposure o B
© - to air (100% RH at 25°C.) i
* for 30 min, (10 1/min) . 6 85 g. of H, 0 130 min.  14.4 wt-%
T &res:dua]S ' :
& residual NaOH

10 Same procedure as cycle 9 ., 135 min. = 14.9 wt-%

* bv=bed volume, -



foll owed by water wash to reduce pH followed by air-drying for one hour (10
/mn) . 0359 of [err] 202 n1n 224wt-%&residua| S

i - v A A | Al 0
reduce pH foIIovved by alr dry| ng for 2 hrs (10 1/mn) <0.25 g. of [err]

110 mn. . 12.2 wt-% & residual S 4 Sanme procedure as cycle 3 <0.25 g.

[err] 120 m n. 13.3 Wwt-% & residual S5 Sane procedure’ as cycle 3

25 g. of H20 111 mn. 12.3 wt-% & residual S 6 Sanme procedure as

3 with longer air-drying (3 hrs. at 10 /mn.) <0. 15:g. of [err]
. 2.2 Wt-% & resi dual 15507571 Sarre procedure as cycle 3. fol |l owed by
exp'O'SUT'e—t'U—a'r'r"("rGG%Rh 25C —tor—2—hrs- {10 AR 2——35— of [err]
195 mn. L ¢ ?&ﬁ 8 ) Ez62 Hr osure to one bv oL,BS
%NaO—Ib}f |Q° e ore lfeéﬁ gidr g a/«SNZ drying
fol | owed deo(pamyée{,swl it "riof iﬁ{a ) a 2 hrs.. (0. .
|/ m ) feg e&aiﬁ p@gn acqozd}mm With thlSllsvefatlm W%t&ed e:sneniua-.l S 9% v 15- Hr .
exposure [i s" i0ing %g&toﬂ? ofr Eﬂ nY ug o] | ovve?F‘by air-
drying foh &we@ arr@seaoﬁt 161 FabR e dhtal dhiy min; (10 1/ min)
6.85 g. of [err] 130 m n. %& resr dual - & resi dual NaOH 10
Sanme procedure as cycl e 9 135 min. 14.9 wt-%* bv= bed
vol ume. TABLETI . . - ..1,501, 571

8 EXAI\/PLE%P .1he procedures of Exanpl el a%ov wer e r epeat ed, - but usi ng
% f’.ﬁﬁ‘*‘gh B

NaOH at 4 by vedr@htPrGREGEML I atweft Pilckhp® ELry virgin activated
carbon sd e to noisture;

and a | oadeds sg Llecafbonexposer,e(generat ed/rrrpregnat ed i n accordance with this
invention was uisemo%amraenm 5t H2S from a gas stream containing no
oxygen. The defoaitihes. 610 1@ var i A9 & eb®fer at BoHmihi nprBgmaki on. procedures and
the results_£ hesg as JoedS of the additi onal sarrpl es descri bed, are
set out in the4k®ﬁl;f1%lﬁdﬂﬁ‘§%h %yof data . o o

water wash to reduce pH,
followed by air-drying for .
2 hrs, (10 1/min), followed -
by exposure to air - - .
-~ (100% RH at 25°C.) .~ = - " ’ i ’
for 2 hrs. (30 1/min) 2.85 g. of H O 152 min. . 16.8 wt-%
. R . & residual S o S

3-A Samé procedure as cycle - 2,90 g. of H,0 145min. . 16.0 wt-%
2-A & residual S o o :

4—A. - -68-Hr. soak in one bv of

" 4.8 wt-% NaOH followed by
‘water wash to reduce pH,
followed by air-drying for
2 hrs. (10 1/min), followed
by exposure to air .

~ (100% RH at 25°C.)- | e
for 2 hrs. (10 1/min) ** * ~ 3.0 g of H, 0 ' 155min. 17.2 wt-%

) &res1dua] 5 : o

5-A 15.H:. soak in one bv of 4.8 T U A
.- wt-% NaOH followed by o T SR ok
draining followed by air- _
drying (90% RH at 25°C.) : e
.. for 2 hrs. (10 1/min) 3.75g. of H,0 . 208 min. . ' 23.0 wt-%
: - : &res1dualS T :
& res1dual NaOH

6—A . 15-Hr soak in one bv of 4.8
wt-% NaOH followed -by
draining followed by N,
drying (90% RH at 25°C )

~ for 2 hrs. (10 1/min) 3.6 g. of H,0': = .40 min. = 4.4 wt-%
- . &residwal S~ (No Oyin.. ..
... &residual NaOH adsorbing
T ' gas stream)
1-B.. Virgin carbon , 0.0 g. 18 min. 2.0 wt-%
o L . ‘No.0yin . .
adsorbing

gas stream)




TABLE Il Cycle
H2S No. Car bon
Vir in carboh—expg
]/mn) © 2.60 g. of

Br eakt hr ough

Pretreat ment Wei ght Pi ckup Ti me Loading 1-A
= ()

[err 85 min. 9.4 W-%2-A 15-H .

bv of 4.8 wt-% NaOH'followed by water wash to reduce pH foll-owed by
air-drying-for 2 hrs.” (10 I/min), followed by exposure to air (100% RH at

25 degree-~C.) for 2
W-%& residual & 3

one bv of 4.8 w

residual S 5-A 15-

3.75 g. of [=®rr]

drai ni ng"¥fqllrowed bylmpregnatedywitly XafoH, med sef é?? himpgegn
§: é%ﬁgﬁ@?ﬂ:%é:@‘gﬁ kSt
lwta'c

15-Hr. soak in one ba,fﬁafn'c 0
[err] drying (90% RH at 25C.) for. 2 hrs.

40 m n. 4.4 . - %
gas stre'ar’r)-'l-éé.‘w\ﬁr
2.0 wt-%(No [err] i
1,501,571 - : '

and used to renobve
efficiency, that is,

or nmoist virgin 'act
NaGH- i npr egnat ggl act

25

35

45

hrs. (10 |/ mn) 2.85 g. of H20 152 m n; 16.

%

soak in one

8

_ A Same procedure as cycle -2.90 g. of [err] 145
m n. 16.0 w-% 2-A - Bsoigpi dual S 4-A  68-Hr. soak 9n. -

percemOHLS iloading, bf dry dr Snaikt- YerfiaOrttivakddowarbopy not
te

é._a. %g

e '

(10 1/ mn) - 3.6.9. of [err]

f;i'ernfxs éxﬁrﬁ% & Wcére carrigc{\lgul% %d)%&ﬁ%\; fhe i'efwﬁ“of M@sgéizg,a&ﬁﬂ{nbi .ng 10..

#'tate on the H;S re efficiency of NaOH andSmBistire
inpaciaaedaatigateihearisdnr BRIhctivated carbon of 4 x 10 and 12 x 30 mesh

feosnditiogebwitt maistize toBESH) RAD Micilaadrategwérh enonicired/

t
¢
flof thegeseityinv@nonni Ng f ol-'owed by |

! of 4.8 w—drNatHfor+omee bg'vvat-eﬂvwas-l-r—r - =t —-
air-drying\fer 2 hrs_. (5 'Slfﬁ"i‘ih“:a?i’lepwrp)""eig _ﬁ’gf ‘6"%’;‘3' %g fed | ot
seocy 't F 5 . " Syt R B el AT W R B R

?ﬁ?‘%ﬁgﬁjﬁ g.‘ A 5

was usedothatha been impregnated with 5 by yeight pk NaQH andithen ' _
TN e T i (T
edn p

metige 2t thgkeongy off HiS agius ehl¥; i go HUPRGI K dry
FUBson st Berkliatan s Lo 1B el ie G

CYmpY, Pligb gHJ Pennsylvania. Tw® columns, 2.3 and 0.74 inches in
diameter, were used, and flow rates of 10.and 100 linear feet per minute were
maintained. The results of the investigation, showing the effect of flow rate, are
illustrated in the following table of values. o ' :

" TABLEII

. Column ' " Flow o o . Weight Percent
Experiment Djameterr, Mesh - Rate  .Breakthrough . "H,S Loading
- Nei. . (in) . Sizet  (ft/min.) . Time (hr.)  to Breakthrough
Sl 3 o4x0 s 1000 0 7,5x1077 0 280
2,0 130 10 297 301
'3 074 12600 1000 34x0™ 127
4 :

a0 10 o Td 248

" The valizes obtained show that flow rate, but not mesh size or'column diameter, is

an important parameter to.be considered in designing adsorption systems in’
accordance with the present invention. o

. . EXAMPLE 4.

. Samples of virgin BPL activated carbon, BPL impregnated with 5 by weight .
NaOH and 8.3% by weight moisture, and BPL regenerated and impregnated with
5% by weight NaOH and 8.3% by weight moisture, all 4 x 10 mesh, were used to
determine their respective adsorﬁtive capacities for methyl mercaptan. The testing
was carried out in a continuous flow system in which the column consisted of a 19
mm diameter glass column. The sample charge was 10 cc which resulted in a bed
height of 72 mm. The weight of the sample charge was 4.6 g. for the viigin BPL and

5.4 g. for the 5% NaOH impregnated BPL containing 8.3% moisture. A gas mixture .

containing 1.3% methyl mercaptan, 109 oxygen and the balance nitrogen was
passed downstream through the bed at a space velocity of 3000 bed volumes per
hour. The methyl mercaptan content of the inlet and outlet gas stream was
analysed by gas chromiatography. All tests were run at ambient temperature and

‘pressure.. The regenerated and impregnated sample was obtained from NaOH . ~

impregnated BPL activated carbon (5% by weight) that had been previously
loaded to 10% of influent (0.13% by volume) breakthrough ‘during methyl
mercaptan adsorption. The loaded carbon was regenerated with 2 bed volumes of

- 5% NaOH solution, drained, and then air dried at room temperature until

essentially the original weight of impregnated carbon was obtained. The results of
the evaluation are illustrated in the table of values below. N
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in the absence 'of noisture, nmake it clear that the conbi ned presence of

t
NaOH and noisture in the activated carbon results in a ten-fold increase in
H2S rempval—efficiencyof the activated carbon of the present

" -t hgscol urhd esvus 134

e
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"used to det dg_ e|r
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vention. EXAMPLE 3. 10 Experinments were carried out to deternmne
e effect of mesh size, colum 10 size and flowrate on'the [err] renova
fficiency of NaOH and noi sture inpregnated activated carbon. BPL activated
boon of 4 x 10 and 12 x 30 nesh was used that had been inpregnated with
wei ght of NaOH. and then exposed to an 80% R H. air streamto .
fuce nnlsture [ 18. 7596by 15 melght into the
caMbo e ' UL WLV ok at had 15
been- precondltloned Wth nolstEﬁBL¥5V8096F? H. A|r fIOM/rates wer exponi t or ed

by meter and-.the concentratMeglg] ﬁirgﬁﬁzﬁgdrﬂﬁ:k'e? b&@,t 0% by- conmparison with a

M —+ — T
205

calibration st%iandarc. Breakthiotgr—to—+—pph A ? ners—glet er m ned usi ng
detector * %:@I tive in th b0, ; r]g% 'é | ¢ from M, Safety
Appl i ances%hﬂuem (,omgmgpLP It]i%}?y%ﬁegﬂgd e g col urmsﬁj[[(Za 3 and
0.74 i nches T, 20 QHETED ST, Weg B, USEd, a1 w Tares of 10 and 100

linear feet.per.mnute were mai nt a| ried. The results of the investigation,
showi ng the .d0%ect of 6Mdw rate, 268l | ustrated961n the followi ng -tabl e of

val ues. TABLE TT] .Col'umn L ' Flow - . = Wei ght Per cent
Experiment Di.ameter - Mesh - Rat e : - Breakthr ough [er r] "Loadi ng No.:
(in.) - Sirze - (ft/mn Em;@ys) to Breakthrough-1 2.3 :
4x10 1@0preferred rhetliad] of unpregnatngacﬁ&.téZi carbon with :NaOH add®x 30 10
7 97 ~  moisture is hpthe sp}'a -additi tep nique. mQ:gdance w1tlg_%@methoda33 0127
4 5 by weight aqu utton o % H- was spraye xio 4 x BPL act 25 5 Th

carbon w sd-aBout in a Homart thixer. The amount of e
val ues oléladidn ewntt v¥d byaivéight WAINIOGK andEI9Y; 81 weghdlof cOl unm di anmet er,

is 25 amonstqmntﬁmtﬁn anradmt mt@rdarenmmgmerf@miﬁtqj@sm Hieﬁg adsor ption
Wﬁél‘tﬁﬂ Siaorrpl es of

NaOH and 8. 3% by wei ght noisture, and BPL regener ated and |rrpr egnat ed with
30 5% by wei ght NaO—| and 8.3%b vve| ht m)l sture, all 4 x 10 nesh, wer e
t t|ve ca aciti sfor rrethyl
&{ %%;ﬁﬁn §°2'§ ‘%gﬁﬁfﬁi SNaQIPW system i n whi ch
Qﬂls

hﬁ&&étﬁ&te@ ﬂB&a bktmoyei & sanpl e charge
was 10 caemgviedhS rf!@mat:lem ﬁltpralrb\edn gpprating’ seWw: et pkat.fer The wei ght of

the sanpl §r?§$|‘£gf St rbon T B‘%&ﬂﬁﬁ ?ttl’d elie4 g. for the 5%
NaOH i npraggth 94 it o R b s wheon A e e cont ai ni ng

1. 38 net igﬁausteAuaf the exm% etrtedathdmIg e »ta&dramo,cétoumtote o was2gassed

mer capt aR,

downst r eXAMEHP &‘H’gﬂ being splib pto jndixi vol umes per
cuum |1t ralr, was amt cublc e ac .

hour . Th% ‘g ﬂu ouélhﬁe ag gas strieam was

40 ' hb rmvas yters n uetnE@:‘sSIay\ﬁmpledhﬂ at anbi ent

~ tengser at u‘teéﬂsa‘i'fcﬁv ?fﬂ at ed zanpl e was
obt ai ned & jn.@ %ﬁd g@famﬁu _j tﬂ%ﬁ wei ght) that had
been pr e\EsaHEbthésd @oubehtibsd akO gt atd le Yebelb. VG| urre) br eakt hr ough

during methyl mercaptan adsorption: The Ioaded car bon was regenerated with

2 bed volunmes of 45 5% NaOH . sol ution, drained, and then air dried at
roomtenperature until 45 essentially the origi naI wei ght of inpregnated
carbon was obt ai ned. The results of the evaI uatl on: are illustrated in the

tabl e of val ues bel ow 10 . » 71,501,571
10 TABLE IV L S R _.



Met hyl Mercaptan Adsorption: % by W. Methyl Mercaptan

Regener at ed and Breakt hr ough: NaCH | npr egnat ed NaCH
| mpregnat ed % of | nfl uent Vi+gr—BRE —BPL — BPL_ 204
4.08 9. 49 5.29 10% - 6.45 - 16.70

9.61 EXAMPLE 5. .A preferred nethod of inpregnating activated carbon with
NaOH and nbisture is by the spray-addition technique. In accordance with
this method a 33%5 , by wei ght aqueous sol ution of NaCOH was sprayed o
4 x 10 BPL: activated 5 carbon while it was being noved about in a Homakt
m xer. The anmoufj of NaCH sol ution was. chqﬁgp”tlo ‘provide 5% by weight of;,
NaOH and 10% by—wergitt—of—nptstrore—in .t:.c-;r. ettt e t—s —t

ranging from 5.5 to .23 -mnutes were used iABHEM erent -treatments. However,
subsequent perfornance evdhAasdids frdf Sewage TrbalnRek Biont Vb RiRerNdY . - -

di stinction.anmong the final products resul ti_.gﬂ fromthe 10 differing spray
times. No efying step was required. EXANPIHSAiflyent\Gonceniationpipatlire -

i npregnat ed activated Els tydn'__gﬂh%h;md i Na@tcod -

described in Exanple 2. gif8ve, ™ p.““sa L0 :
12% noi sture in the i rpregrated—aeivat-ad—cakbo as _
renove [err] from vacuuf 1 ter ai¥ at an opetati ng sewage Oreatment plant.
For purposes- of conpariggpn a bedsof virgin BgL activated cgrbon was =
enpl oyed in the sane manner. The activated carbon beds were 4 inches in

di ameter and 6 inches i#fepth. e adsorber-8ystemwas attdched to a slip
stream on the vacuum fi §jogr 20 5 exhaust. . Aior- from.t he exRQaust was routed
t hrough a water knockout pot and a 20 blower prior to being split.into

i ndi vi dual streams.” The#Bi3ow rateSfor the inflOuent gas, i.el, the vacuum
filter air, was maintaiped at 8 cybic feet pep minute for each bed. The

i nfluent gas was passed downfl ow through the activated carbon beds and-
exhaust ed t hrough 1-inc$08al | val2ees and rotoneters. ‘| nfl uest gas was

sanpl ed by 25 - means gfs a-val VS-_i,nstaII.ed §ps,tream of the adsorbers. The
i nfluent and effl uent FE-Sconcent rat i ons of [err] were meas@r ed by means of
M ne Safety Appliances 68espany H23det ector tubes sensitive.pn the 1-50ppm
range, and recorded. Thg resul:ts qf these -evaluations are illustrated in
the table of values belB®® 1 1° 0  Failed* - :
1,501, 571 . 1067.6 - 6 . 11 §ABLE V H2S Adsorption from
Sewage Treatnment Plant_ Vacuum Filter Air H2S Ef fl uent Concentration
(p.p.m) Elapsed: - HS!3het  Na®f and Moistute Tinme ~ Concentration -

| mpr egnat ed BRb.o(Hrs.) 12 (p.-p-m)4 Activated Car.bon -
Activated Carbon 202.9: 3 . o . o 0
243. 1 5 - _1571.0 05 0 0 306.6 .40 .
0 S 1*384 cBased to function due to occlusion of activate) carben granules -0
.408. 3 . 5 by microorganism deposits. - o 1 477.2 5 -
0 . - 1560.9 .20 S -0 ST : 5
0 _ : 2 8Dlife.rbmoval effeciencynf NaOH and mioisture impfgnated activated carbon
Fai | ed* 1067.6. for mal@glorant compositions generglly was evaluated by means of a dynamic - -

5 olfactometer as previously described. The ‘impregnated activated carbon was 5

prepared as described above in Example 2, but so as to contain 5% NaOH and -
about 1277 moisture in the impregnated activated carbon. For purposes of
comparison, a bed of virgin BPL activated carbon was used in the same manner. A
- model 1000 dynamic olfactometer from Chicago Scientific, Inc. was used.
10 Overall, the evaluation system was set up as described above in Example 6. The 10
‘mean ‘H,S level in the influent air was determined to be 5.8 ppm. This value,
together with the laboratory-odor threshold value for H,S permitted calculation
of the H,S contribution to the total inlet odor. This contribution was determined
to be 830 odor units (O.U.) in.a gas stream having a mean odor level of _
15 5500 O.U. Thus, other malodorous compositions made a significant contribution' . 15
" to the total odor level. Gas chromatographic “analysis revealed the presence
of at least 25 compounds in addition to H,S-in the influent gas. I
: The odor panel was selected on the basis of sereening with known odorants
consisting of CH;NH,, H,S, CH,SH and (CH,),S,, and mixtures thereof. The mean . .
20 standard deviation and percent standard deviation/mean were determined and- 20
- utilized in selection of members of the odor panel. At least three members of the
odor panel were employed for any evaluation. Odor response data was analysed by
least squares linear regression analysis of the log of the odor level (expressed in
odor units) versus a linearized expression of the normal probability function. Odor.
25. thresholds were determined from the linear regression curve by choosing the odor 25



1217.2 20 1 1449.0 12 1
1577.0 5 0 * Bed ceased to functlon due to
5 uSion—o ' C s EXAMPLE
7. The rennval effeC|ency of NaCH and nnlsture lnpregnated activated carbon
for mal odorant conpositions generally was eval uated by neahs of a dynamic 5
ol factonmeter as previously described. The inpregnated activated carbon was
"B prepared as described above in Exanple 2, but so as to contain 5% NaCH
d about '12% noi sture in the inpregnated activated carbon. For pur.poses
f) cogparison, a bed of virgin Bighspctivated carbon was used ij the samed
nner /-\lé‘}é)l%?l n ot fac ® ; ettt dnc. was
used.- calculat velﬁelﬁé%ggﬁwlﬁtﬁ% %'% rggﬁ(ro % descrl de above
in Exarrp eflQent &le ddaRp odbxnrelin al! dy'basipvas determned to

be 5. 8 ppﬁ’rena'hnaéysuadawndtt ebtylpbltmgnﬂtmog rfeodoabanroaalbwgrsusdmnet hr eshol d. val ue
for PRS paptiines ﬁgfés&‘l"?:ma@g t(z fpnducted rﬁlﬁtqnéﬁeffgie"tf*he t oted gl et
odor . Th|§e gﬂ i ﬂ@ 5 curve ¥ n r£°°%‘§roasor Jiinas (O U J™in a gas
st ream havi ngheaesﬁ&aﬁftmvalumk at@ﬁluﬂtﬁttcd in theﬁﬂeﬂmg}tablc ofvauies. ot her mal odor ous
conposi tions rrade a significant contribution. 15.to the total odor |evel.
Gas chromat ographi ¢ anal ysi s r eVABLEWI t he presence of at |east 25 conpounds
in addition to [err] in the infl uentE@ !Ioh y qgr"' panel was sel ect ed~on
the basis of screening with ks - g [err] , [err]
[err] and [eFfa sedand %@Sur es N pebfoistme f nean - standard devi ati on

and percent sd., dard At i onjg '@Eﬂ,gn det gr.ivh ax%&fj 20 utilized in

sel ection OWWWWWHS of the odor
panel were enployed for any eval uat'on. Odor resﬁ se ‘data was anal ysed by

| east squar e51sI212near regslessmn anasysi s of the Isgg of. the odor | evel

(expressed .in uni ts% versus I i neari zed expressi on of the .normal
probability-'f{frﬁ tlon Aot . tlhreshol ds 't det ermi ned fromthe

| i near regr esgian curvesok{y ch005| ngot he odor . 2%3s 12

1,501, 571. 12 level at which 50% of the

odor panel paiZici pant Mr 6 abl e . detect thé?bdor. The cal cul ated odor
| evel s emanat§ogg from eggh adso_rbejnwere conparggpt o the influent odor
| evel s and expressed as "% odor reénoval" on a day to day basis Trend
anal ysi s was P8dduct ed 8¢ pl otti ng#2®he 1 og "% odd renoval " versus "time" 5
and. |l inear regkgssion gRpd ysi s wasygonducted on this data. Correlation:
coefficients 5-.in all. i nst.ances indi cated that the. curve fitting -
procedure was?47rel i abl?§14r epr esent®t | on of the data to the 99.9% confidence
llevel . The regylts ofy fbse eval u%gcj)ns are illustrated in the follow ng

Ef

tabl e of val ues® TABL fl uent (O U)* El apsed _
- NaOH and Mbi 321342e Tine 2726 | nl et Cddr * I npregnated ' BPL
(Hrs.): u.) Acti vat Carbon- Activated Carbon 94.1
2350 © . - 1l 5 q 501 ?ﬂ’_l 16.8 182.2 -~ 5151 25
- 34 325.1 1449.4 5750 1351 - - 231 377 408.3 -~ . 6050
130 - . 28. 8. ' 2201 Y £ ,
221 608.5. 15711.0 :Anigs ey, - .1080 752.8 ..
2261 *:OU?Z@WH“S L 453 875, 2 o "1314 209
* % i Bed ceased to function due to occlusion of actlvated carbon granules : ‘

* by 'mi croorgam sm depos1 ts

10 'WHAT WE CLAIM IS— o ' ‘ : 10
: 1. A method of removing malodorous sulfur—contammg compounds, viz, HzS .
mercaptans and organic sulfides of formula R—S—R', where:each of R and R’ is
" Cy_s alkyl but the total number of carbon atoms in R and R’.does not. exceed 8,
_ from gas streams containing oxygen, comprising contacting said gas stream with an .
15  activated carbon impregnated with from 0.5 to 20 percent by weight of NaOH and 15
from 4 to 50 percent by weight of moisture, as hereinbefore defined, both based on
weight of dry activated carbon, the actlvated carbon acting asan adsorbent forthe
sulfur-contammg ‘compounds. - .
-2. A method as claimed in Clalm 1 “in° which the - actlvated carbon is : aret
20 1mpregnated with from 5 to 10 percent by welght of NaOH and from 10 to 40 20
percent by weight of moisture, both based on weight of dry activated carbon.:
3. A method as claimed in Claim 1 or 2 including the additional step of using
NaOH to regenerate the activated carbon under conditions sufficient to also ST
subsequently impregnate the activated carbon with NaOH and .moisture in the- R
25 amounts set forth in Claim 1 or 2. : S 25
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Activated Carbon
94.1 2350 1, 5015.671 16.8
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the odor. The cal cu
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conpared to the infbent odorsisevel s and2smxpressed as 3% odor renmoval" on a
day to day basi s Trend anal ysr S was conduct ed by plotting the | og "% odor
renoval " versus "ti 5 80Rd 1i near ?egresm on anaf gsi s was conduct ed

on-this data. Correlkzmid on coeidpicients 574 n all instanges indicated that
the curve fitting procedure was a reliable representation of the data to
the 99.9% confi denc8%®vel. TH8results & these eval U984 ons are
illustrated in the §&ld ow ng igpl e of vahses. TABLE VI 453

10 Effluent Gdor (O 5e£; El apsed NaOH and Moisture Tinme

I nl et Odor

| nBtegnat ed 1314 B (Hrs.) *ou) - .

Activated Carbon  oficii vat edydgar bon 94. 3eq 2350

16.8 182.2
231

235 528.8
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453 875.2
281 1067.6
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* 0.U.=odor units.
** Bed ceased to function due to occlusion of activated carbon granules
by microorganism deposits.

WHAT WE CLAIM IS:—

1. A method of removing malodorous sulfur-containing compounds, viz, H,S,
mercaptans and organic sulfides of formula R—S—R’, where each of R and R’ is
C,_s alkyl but the total number of carbon atoms in R and R’ does not exceed 8,
from gas streams containing oxygen, comprising contacting said gas stream with an
activated carbon impregnated with from 0.5 to 20 percent by weight of NaOH and
from 4 to 50 percent by weight of moisture, as hereinbefore defined, both based on
weight of dry activated carbon, the activated carbon acting as an adsorbent for the
sulfur-containing compounds.

2. A method as claimed in Claim 1, in which the activated carbon is

~ impregnated with from 5 to 10 percent by weight of NaOH and from 10 to 40

percent by weight of moisture, both based on weight of dry activated carbon.

3. A method as claimed in Claim | or 2 including the additional step of using
NaOH to regenerate the activated carbon under conditions sufficient to also
subsequently impregnate the activated carbon with NaOH and moisture in the
amounts set forth in Claim 1 or 2.

10
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O U. =odor units. ** Bed ceased to function due to occlusion of activated
carbon granul es by m croorgani smdeposits 10 VWHAT \V\E_ CLALM IS -

10 1. A nethod of renoving nal odorous sul fur-containing conpounds, vVviz.
[err] mercaptans and organic sulfides of fornula R-S-R, where each of R
and R is [err] alkyl but the total nunber of carbon atons in R and R dpe
not exceed 8, from gas streans containi ng oxygen, conprising contacting
said gas streamw th an 15 activated carbon inpregnated with fromp.
to 20 percent by wei ght of NaCH and
noi sture, as-ReLs - A .
carbon, &he acti vateldAcaqtlmﬂmsa;Mmerdgnﬁalmri adsbrlbwhichﬂmrmztldderous sulfur-

1 .
sul fyr - cont ai ni ngc%ig‘f‘qp.ﬁ?dﬁvat:% 'Zﬁi’,‘éf,ét‘fbﬁi !élsm Tﬁf%fh?c Il ?&sﬁ‘iel oﬁﬁé‘,}{ '?E: '}%nr\hlb ; h
Ao uld Qet

the activated car o{uﬁs, st Gk Grzatic Sulf
wei ght oL KaOH andl nrnmn regnéed thhZEbnpeﬁmam nvxbyg off NaOHsdndr e, b®th
based on Wei ght - ong @Pﬁcﬁﬂi Hrof)@ﬁm“& asmemtbpfetf daﬁﬂeé{ tlﬁ'HEEPdl"ﬁ Caiml
or 2 including th¢" mangc Ejte ﬁroﬁlgsefa%%ﬁ
activat ed carbon we bggr hﬁd ﬂ)dikﬁ 1@ Iyatce:ntbytweng oisck?e, Dgthebak

i 10
;%Lﬁ?gatsgtmp gr ? ﬁwzﬁmﬁ r%ﬁy %rur?d in Clalm 1, substantgﬁ;' gsth%['e?nblegrg (E’.scn ed in
25 13 anyap 1,501, 571

13 4. A nmethod as claimed in daim JFor t»hedt sz:antsn whi ch the mal odor ous

sul fur- containi ng conpound renov captan. 5. An activated
carbon for renoval of mal odorous %ﬁtﬁrﬁo b éaﬁff'{%’g corrpounds viz. [err],
mer capt ans and organic sul fi des of Léndos WCIWIZRIBet forth in 5 Claim1,
and inpregnated with from 0-5+t0-20 percent by weight of NaCH and 5 from

4 to 50 percent. ifoxfer M pumloes ZvﬁaTal t h based
on wei ght of dry ac |f/'gly g}w c%%c: uﬁ%fw%&ﬁﬁrg’?ﬁbn as c aﬁgéned in
Claim5 with from5 to 10 percent by wei ght of NaOH and from 10 to 40 '
percent by wei ght of noi sture, both based on 10 wei ght of dry
activated carbon. 10 7. A _
method as claimed in O aim 1 substantially as her ei nbef ore described in
any appropriate Exanple. For the Applicants, D. YOUNG & CO, Chartered

Pat ent ,Agents, 9 & 10 Staple Inn, London WCI'V 7RD. Printed for- Her

Mpj esty's Stationery Ofice by the Courier Press, Leam ngton Spa, 1978.°
Publ i shed by the Patent O fice, 25 Southanpton Buil d| ngs, London, WC2A 1AY,
from whi ch copi es nmay -be obt ai ned. '
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