UNCLASSIFIED

AD NUMBER

AD450653

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution: Further dissemination only
as directed by US Army Medical Research
and Development Command, Fort Detrick, MD,
JUL 1964, or higher DoD authority.

AUTHORITY

US Army Medical Research and Development
Command ltr dtd 8 Feb 1968

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

w 4506530

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

®

UNCLASSIFIED



Best
Available

Copy



”
34

NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definively related
government procurement operation, the U. S.”
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ace PP urraly, 8 wo0d dedd of effort has heen devote" o

In tie manred s

}
PPN

rjevelo'nnﬂ a sysicn i‘pr the racov=ry of iater fron uring, Processe i..vo.w I ing
the use of aitérnal Fousr yield 2 sohisziactory m-oduﬂt orly efter emen ive
poest treatiadnt, uswelly iwvelvin: xsn.r-,.cgl okend cal nebhods. Triz invisii-
gation centers on the svalusiicn cul possibls *=v<ﬂ'-;::r'sn.. of physical chemicel ool
ruacds for Sne corvarslon 6F uring dubo woler sulteble for drinkirg or other 184
uses in fellout cheltérs ced other isolated siles.

The capacity of tng rultiple and rined bed ion exchange for the deminerel~ Fulon

;.-

ization of urire; and cf ::ctlva‘uc curuon for the remcval of uvea, fozring

anenvs, and color weve evaluated, Reaction rates end. products verse detéitiineéd o
for the oxidation 6f urea vAth calciun f.\f/poc.... vite ‘and 1with nitrous asid, fThe
hvdrolysis of uréa viihout ‘tuffor uslayg tae eunyne wrense a:s ozpw:e'i. &
evrasgly aczidic swfonased polystyrene exmiange fesin vas found to bz eflfoctive E
for the removel of wrea frox uPika. Eaporinents on the prec:n.pitav:.on of chlé~ .{
ride and camr.natc, cdther precent in uriie or @ recetion product, with tilver Ery
sulbs wera conducted,

4 water xécovéry systém synbly eéi-éci from physicel chemicsl procesees for ox
short term n rlesions (210 'nan-day) i équal or siperior to the cest evailatle @
{s1lshough 1o procéss ig yeu fully féasible) rrocess develciei *"ov wirsel re-
covery in the epace field when compared on a velune requireiient basis:

e

generel, tho crppoity of rhiysical chemicel processes for the removal
of & conahluucnt from an aqueous t-oluuon ~5 substantially hipher than the
corresponding cc‘wcl'r," for tho roroval of the seme constituent from urina,
The control of Zeniingis a major ¢onsiderstion in the chemical oxidation of
wea in wrine, For demlne*al-zation of ur,.ne, multiple bed icu e: c‘mnge
functions at /4 the rated cepecity; rined bed, &5,.3/4 the rated capacity.
fotivated carbon adsorbs urce v tha e:sent of 4. 8/3, by weight; and remeves
cue molecule of chlor:.dc ion for erch moloculs of urea adso hed. Color &ub- -
stances and foams g soenbe in urim 3 raduzed sinmultaneously with lhe reroval val
of' aréa, The capm,-. e R120 exchanen vecin fer t.he removol of urea frow
urine is 1/2 the rated eupaciby, Teo “ao oxldation of uméa in ueine, 1403
the étoichiometric qicntity cf Wyrocilorite ond 1£C7% of nitrous acid is
necessary.

Dietary conirol of the inteie of protein ty un individual can reduce the ae
gpount of wran sucreted by a faclor of 2 to 7 end should be em]oited and
prac'ciced, if possible.

Key wordss water recover, uriné ccuveérsicn, ion éxchange. edsorption,
fallout shelters, oxidstion of urza.




INTRCDUCTICH

In addition to-individual family shelters there exists a trend toword
rodératé and lerge-size, cormanity fallowt shelters suitable for 30 or mére
persong, 1In addition to radiation shielding, survival in: such shelters vould
aepen: upon an adequate air, water and food supply. The standard récommsndz.-
tion for 2 comfortable weter supply is two quarts per day per:person, Shelters
are normally stocked with a tuo weelks! food cupply, and -since an intividuali
can suevwive tue Or rore useks uithout feod, a minimm of a four wesks! water
subply should ‘be considérad as the optimuwi quantity. The space required for
stora;e, b the recommended rete of écnsumpiion of 15 gallons per persen per
rontn, would be epproximately 100 culin fect for 50 psrsons. .In sheltéers, ib
is gencrolly desirable to minimize thd.spacé requivad for storaze.

In.any envirommeint, the. sont.ol of comrunicadle disnaia is-confected
intimately with water Supply &ad waste-water disposal protioms, If a stored
vater supply is to be used, contimuous surveillancs of the quelity of the
water 1s necessary, 4 prcces‘swr,hiéh both provides a continuous potable water
and. simultaneously solves the problem of urine dispossl is desirable, In ary
event, poténtial public heclth brsards ond nvisances arsceiat.d with the
handling. of urire mus? be controlled,

Most existing meinods for the pinduction of d-rinking water froa urine,
such. as distillation, dialysis,. ete., véquire an ekternel -source of energys
4 physical chemicel process which occupiés a minimim amount of space, vhich
hes a capacity-to meet varying demands, and ihich does not require an external
eneygy supply is advantagecus from the 'poinrta of view-of survival and practi-
caldty. Such a system cculd provide vater for drinking or other domestic

purposes for an extended period of time.




The 3 vcicpment of sush o process voudd inroive Lhe removal of objecticns
able raterials from urine in crder tc prowvee @ aigh-quelity water, 'The

. . deaign wendd nncinde et sllursiicas Wl capaeliiyy geosulry, swvice life, ad

pouduet quelivy,

. seriss of physical~chorieal processes for the conversicn of ‘arix:e inte
@ contivmous o pW,  f drinking uotur was mevated for the purpose of dovel-
coing o waboy recovory gieten.  Jusn & sehare sould have grdatest vtility in
wazrpeney €283 where no cclarnal sousce of waber or powsr i aveilaoble, e.d.,

£ailout sieltcrs oand other isolated sitzs to which a group of psople mey be

confinsd for a period of time.

..: 1Cha Nl R
‘ A grest desl of effo.b hus been Locused en the vesedrch, design, and

doveloprent of systens fovr the racovery oi‘ water foom.urine for nenned space
Tl Tanoe  CF hy many precasses m.v(,.af'?g. ic0, @,8., clestroiysis, cell-fusl

o . aavm e H H
el foocce erystalisation, mern!

s eldctrodiziysis, vacuum distillaticn,
seva pyrolysis, vapor cempressicon, obn,, none ere prescntly operetional nor
practizal. The effeéts cf ingestion of recdversd uaver huve been: studied ondy
for the distillation brocass. with post treatment of vapor or distiliaté. It
is generally concluded thab physicc-chenicel methods: of treatment gre suitable
for nmissions-of short duration:only. khile it is generally reccgnized that
the quality of water recoverad from most processes involving heat is so pdor

as' 42 reffiire extensive post treatment (usualiy phys ico~cheminal mebliods),

WM cemel

and




3

very 1itule work hus been eined &b Jdeveloning these post~treatnent ncthods

as the primery recovery proiofe,

- Y . s 3 (] 4
oL . Sy P Y N (PR . et u
Becaurs oa Bhe saors mispden caurzeler b uae prosenl pro

tlem wnd the

Y] )

azfradiidily of sdnimizing the evlerncl pousr requiréments of eny Smergensy
vilt, the present studies: sre aired ab develeping one or a scries of piysive-
ohrelesk progegses for Lhe recovery of uater from urine. Greater émphasize
'ns baen pleeed on inveptipatirg-prosesse’d fof thé removal of urea ds cob-
trasted to investigabing plosasses for by rearrok of insrganic or ionig

> W

cosctibuents, Tashaology f£or réducing the io.ic condenirasion of ssa wafzy

v

nzs. seen developed duning torld uwe IZdda cenncotion. uiti providirg ewergéuey

i

dessltig kits for pilots.

eheres Tor thé remdval of uvée from-urine wché suggesied by available
meticds Tur its -exelitical detérmination, Ton éxchings; cniymatic dydrolysis;
precipitation; oxig{ét-:‘.on of urés wish nitrous écid.-and cailc?uan hypochlorite
and edsordiicn of urea on activated corbon vere investigated, Demineralizetion
of urine, using muliinle and miXed bed jon-éxchange columas operated on an

acid-bsse, silver-bess, &ng silver-chlorids cyele, was eiploreds Treatimont

6f urine With o bixed Bod of fon cx.mic recing pius astivasad carbon was wlsc
ereluated,  Urea precinitates connidéred vere urea=nitrabe, uree-parsfiin, and

urse-yanthydrol, GCehbinetion cxidatlion mathdde ave dle-

ciscad vhen~ver the cxidation produsts of tron ave fonic.

The wvater quality cériteris of potability us promugated by, tihe U.S.
Public Health S-rviceé rafléct a sumuery of our exmcrience vitn surface watéers
ex are not applicable to the problem at -hand, slthoughn widély misised by the
wninitioted Sélentiste and ehsineers who are not awere of' the basis for the
ctandards. In thig study, the gross constituénts of urine after the verious
treetnent procesges are :lh;‘i;:éted» but no conélugions with réspect to potability

aré mede prématureiya
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: PERDINERT CONSIDERATIONS

The weier brnlanes in mun is sensitive to envifonmental conditienn, dictel sroaltirn., dick,
toly welght, and the level. of zetivity, For an adult, wnder normal clueiimi: .o Lol L Chsie
3, 1 1 of water is required per Culorie ¢f focd inake. Since wmberul i Clisc nder
g sunpli oq artly Lhrough foodwand partly through the oxidation of ine ddetion of tur
hydrogen of the foed, spprovimately 1 liter of wator per doy must be drunk ) awmse R dowk
Erwlrtelil #ie waler bolanee,  The veluw of wine uncev normel conditions » nurewd corll Jlews
¢ oan avors =:r.rsi,.c.-1;r.a.n. 33 1,58 L per Shyps Tuve o vabar recovery cysiem PO IV LYEET

Boe o tae proeddfication of wine nuso wparase caoun U0F volumetric arfisiy, 7 lui tole nyCicienc -

The chemical and physical churacteristics of wurine vary with-the dlet vory wiih tor cim

h

o

of tne individual sad the lengua of lime eleused ledween exerstidn end analy cwnr:bion aud malyuis.

For exorple, the excretion.of trea ranges fraon 4.7 gy'day fop percons on & y fer perctns on &
Loy protein dlet to 31,3 f_J/Cu." for pérsons cn.z high protein diet (1); obein diect (1);

amronia may -be presé t i'x largeapounts as & vésuit of the.dseompasition of .- seem; 6zition of

wrad, Zuble I, (2): give;-.% a partial lisiing cf ~ho constitusnts of wrirne 2huants of udine

and their Fespective. aversge deily quantilies exzseted by nozm-T hoalihy Losr L obalowy
'.".:_v.wua].a. Any Uisiing-of the constitiaats. is nscescafily ircomplote iy incomiceo
benaiinse .0f tite precence 3 meny trace corpounds and tre difficuliles asge- dLMLGWIAL.S asite ?

-

sked with niertsnelysis tor Lucuo copounds.  Iae Lud gross con-ilivents srass contl.inents
are uvrea &ani sodium chloride, OCther muwcerisls vhich are-exoreted in mnounte excreted in awounts
greatér then one grem per day aré creutinine, potassium, phesphates and sul- phesphates and sl

thtes. sa enclycis of éxcretlin producis ia urina in greater detail may bo eater, debail may bo
found élsevhera (5) (4)s It iz of interzsi vo ncte that the iohic: coreentvs the ionic conceutvas
tion of urine ig. cyproxirately €0% of ‘thot in sea ueter; if the wren is 18 the wrea is

cherieally co:r.mrted to lonic compounds, thu ivnle concuntration of urine rwtration of urine

becomzs 3~3.5 times Tthat of sea .wuter;




Table I, ancdysis of Hormel Humoh Urine

v

Concedtrents - Grams/1250 ca, -
urea 30
eraetinine .15
smmonia 0.7
vric aoid Q.7
Lippaele acld 6.7
apino ceide 2.5
glucoce 0.3
aroneibic Lydroxy ceids 0.06
oxzlates 0,015
sodiun ehlerids 15:0
vhosphinves (as 1:20,;) 2.5
inorginic sulfates (os 3 5) 2,0
organic sulfrses (o3 £0.) ?C‘.é
nent>al sulfur {ss 30,) C.3
potassium (a3 ‘122'-0) 2.5
caledun [a: Cal)- 0,2
‘magaesium {ns Wyd)- 9.2

silicatés 0.4

fyon : 0,005.

#iiidams, B. D, " Introduction to Biochsmistry," D. Ven Hostrand. cend So.,
Yo, 19310
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It eppears that the mmount of urea excreted con be réduced substantibe reduccd suhstenti-lly
by use of a low protein diet (1), thus facilitating tas recovery of watepns racovery of wialsy
o upire,  Urea inteke L7 pamens canued.Ciuvresis, but no permanently havt no permenentl, harmiul
.;zf'i‘ects (5). .2 high degrec of urea reroval from vrine is das:ti'o.ble thouss 15 t‘"j rable thonrh
not critiol, The forration of amsonia from tire decomposiiion of urea pgpPouivion of ured regls
to e prevented. dus to the hizn toxieily of ammpaia,

The southwestern United Statés.have used witer esttaning 4,000 mg/d. ov-t.ning 4,000 ng/h of

P
TRl

totel dissolved solids as drinking water on a continuouve busis. ./ weier One DiEiS. o
éontairdng 1,000 mp/1 dicsclved solids Is concidered ressonsbly good., & rec.onwuly goct.
discelved dclids content of 10,000 mg/l induces some selt tosdeity (6). pelt voreity (o). Teor
compacison purposos, en isotonie solvtion is«appreximately 9,000 mz/l of-niciy 9,500 rs/i of iagl,
Foi emergency conditions, drinking wéter of 5,000 m3/1 dissolved solids ik dissolved selids is
tolerable, The exact tolerable lovel is. immetorial since the efficicncy once the elficicney of
uring trestment processes 46 be adopied would bo essentially-constant forihielly ecnstant for a
tolsratis dissolved solids ccutent less than 10,000 mg/l. In‘ganeral a 90/1. In general a 507
demineralization is required,

The distilletion ol uriné produces highly owiferous compounds (7). '¢us compounds (7). Tre
vepor must be catalytically oxidized n% 31220 O or cther extensive post- &r extensive posi-

must ka3 expldyed .

pcotuont/fio proguce an seceptails distillate (€), It 16 desirablo, tierefis decirable, tierefore,

40 avoid the -use of hout in the purification-of urine, apert from the limitopert from the limita-

tion of power iapoescd by an emergercy situation.

.

Gomm 7 G < cwolem Roquiroments )

A.process £o the recovery of water from urine for use in fallcut sho}'use in falleut sholtors
should operetd preferably without external power, have & volurmetric recover® volwrelric recovery
efficiency of greater then 80, provide groater than-90% removal of the grdf removal of the gross
cqnstitqgnfs,/‘oom;ieté with the storage of water. The excretion of urine byeretion of urine by
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noriesl dndividuels is .05 1/day with a uwea content of 24.6u/)

3]

Joo: protein diet) and a mineral ceatent -of 0,6 ecyl;, Esthéti-

« ' tnste, odor, and visazl eppearanss are of Inportance in dout

ceptable water,

Suspocted toxie eonversicn products mist be Iimited to eec
curieabisng based upon payciological effscts, S.8e, Nf); (10 ng/
net s~ gl Standords for Drirkirg vater by with and dhe PAS Drivl
Sie -~ muy e used as crtde geides Lor gaardd chestesd, pivs

Bactoriolonical arileriu.




~
1

. -~ purmel individuels is 1.25 1/day with a usca content of 24 g/l (4 g/l for
2 . protéin diet) and a minersl. contont-of 0.6 eg/l. Esthetic consideratio:s

« * tnste, odor, and visazl eopearance are of Inporvance in determining wa

P

agpteble waler.

suspocted. toxie conversicn:products mizt bo limited to eccepiable cons
curi~afions baced upon physiological effects, Sogey N0, (10 mg/l).. Inter-

nrt =gl Standords for Drirkirg Water hy WO ond the PHG Dreiv'ing

LX)

2 ] . PR 5 N ay sens ~ - VR T anAd
Bue.sndd nuy oo used as ertde seldas for gaaerdd chonlesl, plysical and
barturiolonlcnl arlieria, .
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TCT BRCHANCE

The utilization of don euchén ¢ ts u notuou of treating urine hes bcen
explored to a very liritdd ésbent, Hontiaz (9) mcite use.of ion exehange
resins In laboratory ghelyels of urine, (le-established the totel ceticn
content of uvi;le by rewoving €1l of the cotfons vith u smell ion exchange
columan and by deterrining tae quentity of hycrogea ions.in the éffiuent, e
raborted that -better than ¥7 harcent reroval ués achieved from ccatacting
A7 meg, f cabiens vihia e eachenge vesing e did not consiler the cepucity
of the recin, Medéel {WQ) aSterpied to-develop & methou of wsdte disprsal
in aircrafy by pr ssing urinz tarougs a corinwdl énlon-catlon éxcheager and
tiden oy permittin;?t the effluont to be pleked vy by & large :dck for evapo-
ration into a vaxn adr streem. It uzs folrl thet the resins vere wusxhousted
efter the passoge of 4C0 =i, of vriuc. .. £& adaitichal veferences have
becn nadé in thé.litcratuce %o theé use of ion exchenge as a finel purification
technique folloving distiliution or froese-diyits.

Ludbipia lod Jon Divhunis

The ion exchange.resing edepted for use in tids study vere produciéd oy
the Rohm eni Hess Coupaay, -macylite IRA 402, t queturnlzed chloro. othyléted
polystyrene, vas chosen as the enion éxcaonzer. It is e strongly besic
vesin vith a rolsture contént of 40-30, and a suggesved capacity of 4.4 meq.
per grem (dry basis).. iver)ite IRC 50, & poly (ccthserylic ecid), vas ciosen
‘a5 the cation exchaniyer. It is a weukly ecidic resin with a roicture content
of 4455 il e suggested copucity of-8,0-10.0-meq. per gram (dry basis).

It vos veclied thot for the initisl stuiies untreatod urine should be the
influent to the resins,

O N T S P o




Cylindrical glass colarais, 2/ irches in longdh with an inside diamcter
of 1 7/8 incacs, were used to hold the rasiné, :% the bottom of each column
was placed 3/4 inch of glass hocl rollound by alxn or scven glass meirbles and
by another 3/4 inch lsyoe of glose uodl, ThHs resin was then eddéd and ¢ecu-
‘picd approxinately 12 1/2 inchss 68 lensth of tie coiuus, 230 grams (dry-bisia);
another 3/4 anch-of glass wool was placed on top of thé-reain o prevert
cplattering of the influent and to diffuse tho influent over the eniire sur-
foce cf the riein. The influsnt was delivennd 2% 10 i, per minvie therouch
‘2 630 i, eéporatery funnsl shtachéd at ta¢ tep-of the-column,

Two colunns wire operated ia sevies uwith nunireeted urliac belvg pasced
through thz colums eonteining IRA 402 (enion exnhanger) and with the offlu-
ent {rom tie anicn éxchenger-Being pascsed throush IRS 30<(cablon c:c.:henger‘)‘.-,
This order wes P40 Sod to provide -an influent to the IR0 50 with a bigh pH.
Tad uring vas coilected from eix mald edults-over .a perlid cf sovérsl deys

s end-was stored £t a- temparature of 14, '°c, Durdng the storagé periods there
vere re signs-of degradetion; ‘the coler; ddor, and pil senelned unchanrged.

5 The effluents wers gensrally collected.in 250 ml. batches and vere kept'
rofsigerated until ‘tolrg cubjoctad (6. mdliysis.

inalyses were ocriied out to daisrmine the average cheracteristicc of
the influsnt to the anion exchamcr aud of the infiuent to the cation ex-
changer. Sinilar tesis were apt‘zl'i:ed to a series of offluent acmples frem
each column, Hydrogén ion condentrations vere dotermined with a Beckmon
pH meter. Lbsorptivity measuremerts were made with a Klatt-Suzmérson photo-
elociric colorimeter, using ¢ number 42 £ilter (400-465my). The zero point
¢ thw indtrement was seb vith distilled water, and the absorplivity mecsure-
rents were convertod to color units by comperison with standerd solutions
conteining:potassium chloroplatinate ard cobaltous chleride-(11). Total




1)

solils wers detérmined by sveperation of the casples Lo dryness at 103-105 .

O

sllate don uss analyzed by precipitation with herium chlorids, followsd oy
ignition of the filler r:sicue ob 830 ;. ¢hloride was deterzined volursiri-
el usins Zilver niveals ana povassium dichronate;y and scdium and potasciwm
lon consvatraiions were moasured with a ileme photometers Coleium vas anolyzo:i
by o modification:of the ctanderd pérmenginsic tese and by the EDTA titretion
method (1),  sn znulycis of wfronted urine i preventad in Table IT, This

represonts, the avéings éomnporition of the iaflvens to the coion exchange esiunm.

. .
Ryperirantal Joow s

The first séries of observetions uas made by passing four Mters of
untreated- urize through the anion czenonged, The first 2000 ml, of éffluent
vere coliscted in 250 ml. sempies, whils the lash 2000 ml,, aftet <he resin
breal: point had beeén reached, vere collccted in 500 21, samples. Ths pre-
scribed set of anslyses was msde on each sarple &nd the resulis ueye tabu-
loted on the bésis of cumclztive volume of effluent (throughout voluue),

“The analysis for each 250 ml. samplo was assumsG to epply to 125 nil. of
irougtpub volume end for each 200 1k, s&mdle, bto 250 ml, of volvme, Iig. 1
presents the rcletion of the pH of the efflusrt to the Lhroughput volune. The
first point inticatal r.f.pl;e{;to tha dasund cazple colleeied; the first sample
did not provide a.proper meagure of the effectiveness of the recin, since a
large portion of the first 250-ml.. consistéd.cf tho woter which was used in
prepering the resin for operations ‘Ift;\m‘gay~ ke obizerved that a charp bresk in
the effectiveness of the.resin occirs:st 1600'ml, of throughput and that the

rosin is virtuuliy exheushed whén 2000 ), -of S8ENiauL have boeh dallachad,




TALVIREE TiquY u0Xy quantygd Jo pd wr ucpsyzsa (o “Fid

‘W ‘3wnjopA  Indybnouy) ‘
0002 000l

000¢

"
T - T

P2

‘Juenippa. jo Hd

- : 1 ool ”
1 -on . :

i

. :
:

!

|

{02 ]

{

i

;

o 1 0%l :
;

]

i

!

;

]

;

i)

4

1

]

i

j

i

u,

i

i




Fige 2 indicates the relation bstusen the ratio ol the efilucat chlovide
cofiesntration to that in the influeat and the throughfut volims. £ sinilar
relation for suifats is pressutéd as Fig. 3. 7hé resin oppoaic %o he ex-
wedsted wivh ::cspect to cinloride removal godner then with.respact to suifate
vemoval end sulfate is still béing rémoved until 000 ml, of olflusnt he,'gé
Lécn collecteds The resin's greater cepucity for tae divalent ion is to be.
expected, The results cf the iusts “or iotsl colids chow a fraction of 0,42
of ths golids in the Influent razaaining for 5C0 nl.,.C,79 for 1000 ml,, esd
0.97 for 1500 2l, The velue of thls deterriveiion i lesséned by the-presence
of large woounhis of viea,

two sebs of célor veshs were rua on tho effluent samples;. che s&b uas
mede one déy efter the colwm cperzsicr, end the oingr, three days eftcr the
operasion. The resulte ure presonied in Fige 4. IR ibe first dey tests &
dafinite +turbidity began to crpeex in the samples vhich corresponded to
1500 1. or more of throughput volume, This 4n pert accounts for the relative
medoum in the first dey-curve. The third day tosts were mede to ses i the
turbidity wis reduced by sedimentation to ey sxtont; some reduction had Lukien
pluce, but. a definite cloudiness sbpuzaréd in the last three samples, Filtru- ;
tion of these seiiplés caused ro significant change in the sbsorptivity. The :
4 *bi’di:.ty- effacts can bo expleincd in part by the sloughing-off of calcium
phosphate by the resin, It-is aleo posiible that bacterial astion could have
ccourred; however, the-samples vere kept refrigerated except.during ardlysis.

The second series of observations was made by passing the combined
efiuent ‘from the anion exchangar through the column contain:l.ng IRC 50. It
was.decided thab more representative results cculd be.obtained by using only
the initia) effluent from the anion oxchanger as feed for the cstion exchanger,
The first 1600 ml, of throughput volume vac of rather uniform concentration

. o -
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and represented. the effluent rom an effestively cpevating ericn colum. &
a result, three anion éxchenge colwms wire seb uwp and 1600 17, 6f untreated
urine wers passed through eacn colump, Tho resulis of the cnrysis ere pro-
senied in Fable IIT. The boiel abeonce of celeiwn ion showld be notxd, I%

i3 01 81y thet the celcdwn wos precipiitabzd ong ia the anion znzhanver 23
caiclitn phosghotey this ues enhnced by the © svabed pH at-which the apion
cuchangér operated. slthouch ny @ueibidetive anulysis was mede for magnscivcy
it scems nrebokly thad this cavion wor sloo Zrlopitaled out as megnesiun
pirdziced this vas eualitesively daveriiesd from the peridanganate calclun
snelyses,

Ehoub 4750 ml. of the eonbined asion swshoerger effluens were pacucd
through the eaticn fxshonger, Toile 1V indleaves the vardation of ths pl
of tuo effluent with througiput volume, It mey be obscivad that the eciunin
vz2s still operable after 4100 ml. <f efflucnt i:ad boen ccllecteds The breek
point; dceurs ab ernroximateiy 4500 mi. of shroughput. The results ~7 the

scdiuii -and potassium anslysés are aiso presen$d in Table IV, ‘It csn again

:be seen that the c¢olumn wes. Operating effectively uvp to the 4500 1), point.

The remaining fraction of totdl colids i uné efflient during the period tefors
exisustion was on ke average epproximately 0,35 that of the inflvent, The
color of 1y offluent wes reduced to phouy 0,5 of that ¢f the influsnd until

& tkroughput volume of 3000 ml. was réeched. It then rose sharply dus ©o
turbidity.

From the.results which have beer presented it mey be-obsérved that the

_enion .exchanger romoved-approximatoly 260.weq. of chloride end 80 maq. of

gulfate pefore the rasin was exhaustéd, This correaponds to 1,03 regq. per

grém of dry resin, .ipproximstely 1500 ml. of uatreated urine weie pLocessed
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Lnelysis of Unbtreabed Urine

(4'.' AR,
sereride
[ReERNR I
caledina

sealu
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4

7’ > -
8.8 g, /1,

) ,
209 gmL,/ L.

0,35 gm./1.

3.7 &a,/1.

tn Dual

potacoiun

totel solids

.0 units
1.0 /L.

G5 gme/Ls

\

A.../ ]-o

" 3.7 gma/1.

343 gm/fl.
28,4 gl /L.
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Teble IV, inalysis for pH; ‘Sodium, end Potacsium of

EffIvnny frem-Catlon Exchanger

Throughput Scdiun FPotassium
volure (ml,) e . (zn./2.) (gm./1:)
125 34 1.0 0.95
625 3.4 0.8 0.7
: 2125 4.0 0,55 0.8
4125 5.0 0,55 0.8

4525 10.4 0.75- 1.8
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before the:resin approeched exhaustion, .elthoush sulfate was still balrg
removed witil the 2500 ml. point, This corfesponds t6 four ml, of effluent.
per cu of resin; In addition; signiricant quanitities of calciun und mage

ndsium vore rutoved,. appercntly ty precipitaiioa; this mey hays influenced
the rapid exhaustion of the enion éxcharger by forming a £ilm to block
aveilable exchengs scites. The esbion cxchangur ramoved approximately 500 meg,
of sodium and 250 req. of potadsiwn before the recin wus exhousted. This
correspoids to 2.27 moge par geom of dry rosin, .About 4500 ml, of efflvens
vere collected bafore thé resin-epprouchod ¢ “oustion; thds coirespondz 42

11 ml. of efflucnt per ord .of vosin, 1h3 cuubinavion éf both colwmis pro-
duced an effluent wiih a total colids contont 0.37 of tie value for the
influsnt, The total solids removal is greater thai would be éxpactad from
the sulfate, caloride, scdium, and “obtassium analysea, This méy bs sttributed
to exchenge of other ions, .somé uvea removal, and the filte¥irz action of the
exchange beds, Tile color of the effluent was 40 units comparéd to 1143 units
for the influent, Urea rémoval vas negligible,

Z i A A

Mi¥ed bed ion exchiange refers to tie prociice oftusing a mixture of
cation and anion exchange rosine In a ingle Héde Such an arringemant allows
the 'salt splitting reactions in the exchanger to proceed toward completion:
more repidly then in multiple bed ior exchange,

& mixed bsd ion exchanger employing cation and anion exchange resins
and activated carbon was-evaluated for the treatment of urine, In general,
the emounts-of ion exchange resins and activated carbon used in.a column
were estimated from the individuel capacities previously determined,
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Inforaction on the combirations suamericed in Table ¥ wus obhained, fmber-
ite I 120, a strongly .eidic sulfoneied pclyetyreuc; IRs 410, & strongly

vasic gnerternery aufonium polystyrere, smincesd. vith dimethyiethanol amine,

vero employed &3 cxchsnge resing.  Coebaut activated carbon, 6-14 end 5C-200
rach, %oy used for color removal, Breakihrovyh: cuives for urea, sodium, and
chloride cfe shown in Mg, 5 UCRFratios ure chown in Tuotle V,

The averagé conceniratitns of the gross coastituents of wine used.as
foad vere used (20.4 gn./1/); Y, ta® (7.0 en./i.) and chlordds (9.3 gm./1/),
n cverall LCR of 2:4, _3.5, ard 3.0 uere obtuoined tased on the breskinrough
points for wren, chiorids, and soaium, respuchivelys The mixed bed ion
exchange ceprcity coapered with tho: sum of casecities of irndividuel compo-
nents is approxinuiely twofeld, The use of silver base cation exchange recin
vith an hydroxide basc anion résin roeulting in additional remuval of chlo-
ride by precipitation did not improve the USE since urea concentration in the
effluént vas the limiting factor. It appeirs that the usé of mixed bed fon
exchangs, employing silver base cation, nydrogen base cation, and hydroxide
bage -anion resins:is best suited for the treaiment of wrine first .froed of.
ursa,

= torms of dez:.inex‘alivntion; the silver base~éat.1on resin gave a UCR
of greater than 7, Howzver tie pro ‘once’ of ! .,0 in the effluent mckes the
exciusive use of silver base cation resin impractical. Resin capacity for
removai of urea from urine is approximately 1/2 the capacity for urea re-
moval Srom aqueous «<olution; for demineralization, 1/4 the rated cepacity
for multiple ted operation- amd. 3/4 the retod capacity for mixsd bed oporation,

*Volumatric ratio of urine trestcd’to:chamicols requirod for treatment.

] - et
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Urea Removal by Jon Exchangg

A

The capacity of IR 120 (:"') ion éxchange resin for the rermoval of urea
from. agucous sointion was found t0 be approxdimately 2,5 times the capscity of
6-1/ mesh coconut activated carbon. For uresz removal from uriné, the capucity
ratio' wa2s approximately. 2, Thé capecity of the exchange resin-for removing
wréa.from urine is approximately one-helf its-capacity for removing uree from

an aguscus solution, Fig. 6 shows a comperissu of the breakthrough curves,
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£DSORPTION CF URE: LND GOLOR WITH ACTIVATED CARBON

The adsorption of tié weakly ionized compound uréa by the.nonpclax-
adsorbent activated carbon can be described by the Freundlich adsorption

isothorm equation,

1;
*/mn=Ke /e (M
vhére
x = ‘amount of urea adsorbed,

n = weight of actiVated carbon,

n:

¢ £ equilibeitm consentration of urea in solution
x/m = concentration of uréa in:the adscrbed state, and

K, p = constants,
In liquid phase adsorption, the transfer-of adsorbate moleculas from the bulk
solution to the carbon surface is followed by migration of the adsorbate from
the surface to the adsorption sites within the carbon.particles. The laiter
is generally the rate controlling step and the rate of adsorption will increase
with an increase in the ease of accessibility of sites (larger suzfize ares,
soaller particle size), Conditions contrituting to the success of uree aisorp-
tion from urine by carbon.are (1) urea is a relatively small molecule (high
diffusivity); (2) the concentration of ures in wrise is large in coiparison

_ with other compounds which may compete for tho available adsorption sités,
.and (3) water is not strongly edsorbed by carbon,

Adsorption columns of two different particle sise, cocomut, activated
carbon (6~14 and 50-200 mesh): wére employed to study the adsorption of urea
from urine. The service time.and critical depth of column; the shape of the
adsorption wavefront and the adsorption wavelength; and +the cepacity of the
activated: carbon were.determined,




Servico Time

Column service time is defined as thé tire necessery for the effiuent

-concentration to reach somg urbitrerily chosen velue (guality:of effluent).

Cne of the most sucéessful theory for the description of colwin operation is
the Porarteidums surface reacticn raté theovy (12), Briefly, the changs in
concentration of ursa as a function of time and position is due to diffusion

and -edsorption

o¢ oK ; S
'@f - V","‘ = D.‘:..; . R (?)
Cu 2z azu
whore

¢ = urea concentration,

t = time,

v = veloeity of. flow through column interstiees,

z = colum ordinaté:in the direction 6f flow,

D = proportinality constant,. and

R = rats of urea adsorption by colunms
Neglecting molecular diffusion and writingiEq, (Z) in terms &f the porosity
{c) and locel ratée-of wrea remcval (dn/jt);
Relating the rate of irreversible adsorpticii to the. colunn capacity,
a-g% = K, c(No - n) ()
where

N, = columa capacity, gm per gross volume,




S SO kg B SN

sr————

(No - n) = column cepacity at sny time, and
K1 = a constant,
1.0, the rate of removal is a first order reaction, Eqs. (2) and (4) result
in the Boharteidams eéquation

Kl z/v
(e ' ©

1n(c°/c-1) = 1n - 1) - K.,cot (5)

where
e, = initial urea concentration.

Tne service time (t_) is given approxdmetely by
-

N. -

0 v ’
t, = A z- Kty n (e /ey = 1) 1)

wnera

e, = arbitrarily tolsrated urea concentration in the effluent.

Critical Golumn Depth

The eritical.column depth (2 c) is the value of z just sufficient to obtain

on effluent concentration of ures s s at t=0,

— _v -
e T K {eyfe, = 1) ™

Capanity of Activated Carbon-

The column capacity is determined by the slope of t, vs 23 and the rate
constent K, by the intercept. The maximm capacity is dependent upons

(1) the shape of ths adsorption isotherm, p,

(2) the critical dolumn depth, 20




23
(3) the flow rats, v,
(4) the particle sizg of tue cdsorbent, £y and

(5) the arbitrarily tolaveted wrea concentrsiion in the effluent, éé.

fnelytical procedures for ured; color; pH; end total and fixed golids
have been described préviously. The activetid cerbon colimn preparation was
a3 follows. The carben wac, first, scalied in hot.cistillad water to puwsge
cds6rbéd gases. A ons xnch plug of glass wosl followed by a one inca laysr
of gluss beads served as support for thé carbon, Care was t‘%Xéﬁ ‘o maintein
a one inch water seal above thé carbon surface during packing of the columns,
An & ft, head, gravity system was avalleble for the ’reguldtiui'n of urine
{ flow rate. Qualdtative test for chloride in the éffluent, amploying acidified
siivér nitrate; ves used to dsiect the initiel emergence of treatod urine,

glving tha chloride vavefront spéed.

Faperimental

The adscrption isothern for acuesus v;i'ég‘sélutj.on-at 26 °c shown in Fig, 7
5 indicates that the e.d:;‘érpti‘.vg capacity of cocenut, 6-14 mesh-activated carbon.
increases nearly lineariy vith ures corcerntretion, For urea concantration
% equal to 24 gm./1., %/m = 0,074, i.0., adéorption capucity is 7% by vieight.
! Fig. 8 shows color. and urea removal by.é~14 fiesh coconut sctivdted carbon
column with urine &s feed. The.small volume.of urea.frce efflunnt indigétes
1 that the adsorption wavelength is greater than the column depth used, >23,
The column continucs.to function effectivaly for-color Férioval pass the urea

‘ ‘breaktrhough point,
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0.02 Coconut Charcoal 6-14 mesh, 26°C
000 b 1 | L L

0.0 02 0.4 0.6 08 10
Yres Concentration, mol/t:

‘Fige 7 Adsorption: Isotherm for Uréa-ictivated Curvon Syster.,
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Taree -columns :of 45" -¢urtopn <ephli.ger-column (470 gni éach) vers cierated
in serdes and the effiuents frem each of tho-coldnns weré andlysed routinaly
for vesa and pi; and; 1sos frequently, for éolor and chlorids. The shanes
¢f the waveirohts for cach of the columns are ;shown in Fig. 9, The copackty
for cciwea 1, found Ly graphisal inléghation of the wavefront, was 22.5 &,
wren/ 470 gms dureon- o 4,83, This coupared uith.s.muximap sdgorptive 2sracity .
of 7% £or aglicods urec. The peresntege of fized end total solids fem?irii;':‘g
vas 4zl sad 925, :'e:-pcci;iwi;." Tixed sclids sore slifntly reduced, indiceting
scro lonic adserpiion (hydrolrtic eff:ict). Total colids were reduced suismine
tially, reflecting urec ramovil, Thé voriabion in.pli.elso vns largely dve o
uréa removal and cay be vsed as en indicatdr of the vrea braakthraugh goint,

Se

[6)

Fig. 10. Thé breakiarough noint . for color follous thevbreskthrqugh point
for vrea, althoush the envire color wevefront was nol-débermined, Ureéd trcel-
"a‘P)

through points for colums 1; 2 and 3. uéré-respsctively 1040, 2520, exd

4630 ml, The corrésponding wavelsongths based:on 5% of the original urea con-

< es

-centration.in the recpectivé effluents &nd a constant uavofront, speed of.
0.5 iny/min, (urea .detéction in:effivent). vere:19, 18, dnd 20.in, Sirvice
time for o single column-was spproximetely (45-19)/0.5 = 52 iin, AdsoFption.

capacity ¢f the- @étivated. carbon for urea from uvine was:computed Irom 2g. (C)

{
and* experimentel values of t.. Values of tg vs. 2z are shown’ln Table Vi, :
. . L] o L

N was found to be 0,038 gm. urea per ca”.gross volume of :ectivated'éarbon;
Ky computed from E3. (5) and the aversge-experimental value of wavelengtn K

(19 in.) was.found to be 0.034 e "gross volure par gm. ures adsorped per sec.
ideorpticn of urea from urike with 50-200 mesh coconut activated: carbon
is shown in Fig. 11. ‘The wavefront is-espentially square, i.@:,. waveléngth

small and the adsorption rate constant K large, The hreakihrough point is.
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Tanle VI

ietivated: Carber Column Performance )
Covonut, O=1/ wech
Colwn Urea Con- Volume Urea  Interstice  Service
Lengthn, ccntration Treubed Velocity, Tine,

z, o coy G/ oy Gl ¥, ciysce t., sec
w7 0.0193 93 0,021 1769
i1 0.CrET 1040 €.050 3120
203 e.0% by 2.050 8150
342 0.5207 L35 2:050 13,900
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defined more sharply for 50200 mesh carbon than for -1/ mesh carbon, Foir
the fine size activabed cerbon, incressing the contact time from 45 to 90
rinates ovly increased the urce adsorption from 14.5 to 18,2 go. (e o S ShcyYs
£ 163 incrsase in the adsorption capecity is uccounteéd for-due to thes diffes-
evence in the urea concentration of the feeds. Loubling ths contact time,
therefore, inci-ased y by 163 (l\‘o = 0,04 git./ cm3). The ratio of adsorptive
capacity of 50-200 mesh to 6-14.mesh actiVated. cerbon was found to e 2
(contocs 1+ 30 min,),

For ureg rcmoval, a ISR of 2.4 is pessivie for 50-200 mesh activaied
carbon #nd, CCR of 1.2, for 61, rissh., Incveasing contdct time oeyond ser-
vige time improves the vrea adsdrntive cepact’y of activated carbon. bu’
slightly; Thé Rehart-idams equutions ere sufficient for estimating column
pérformencé chéracteristics, :dsorption cepacity for ursa from urine is
approximately 5/7 the nevimum cepacity obtained with agueous urce solution,
kctuel adsorption capacities were 0,038 and 9,045 gm, urea from-urine per
aross o’ 6-14 and 50-200 megh activated carboh, respectively. The reacticn

rate constant is sufficiently largs and not a major column design paraneter,
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CLIITON CF B84

Two-methods for the ¢héxicsl oxidation of uréc in urins yere cvelnated,
Tae first metned involves thd uge of caleiws hypochlorite, & cormonly aveil-
able compourd. Tie second method employs nitrous aci¢ as th? oxidizing
agent. This ilethod suffere from the diseivanteze that nitrous acid must be
made in citu but has the advantege that tae products of oxidation ere entirely

fLaseous,

S:ddatica of Ures with Caledun Hvisenloriva

Jquaous: urea solution {24 gu vresfl) and urire (28 gu ures/l) wove
trested vith HTH ecledunm hyposhlorite (645 availzila chlorine), Tre avail-
able chlorine contént of the HTH was determised by titration with 0.1 sediun
shicsulLeté and potassiun dichromste; vioé.concentration, by ths ielean
ursgoacter,

Thé oxidation of urez may bad reprcsented by the overall chemical

equation
2co(;mz)g + 30e(001), = 200, + 2Al, +-> 40 + 3¢+ €07 (2).

For ar aqueous uréa solution (24 ¢m vrea per 1),'completo oxidation of urea
vas achieved with a 125 of the stcichiometric quantity of celeium hypo-
chlorite, The oxidation veaction was accompanied by precipitation of -calciun
carbonate. Approxivetely 243 of the. calcium content of calcium hypochlorite
acded waa. thus removed in the oxidation step. The approximetely-linesr
veriation of the percentage of urea oxidlized with'increasing amount of

hypochlorite is shown in Fig. 12. For the oxidation of urea-in w-ine, 1207
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vf the stoichismetric emount of hypochlorite was nceded fur cemploto o de®tnr .

A stable, rather voluminous fosm was formed when & hypochlorite vas adiéd
to urine, This was not observed with aquenu: vrea, Three mcthods were coi-
sigered to overcome this difliovlty: 1, the use & a screen as e mechanical
Zoom brecker, 2, the addition of a smell anount.of defoaming egent to the
urine (such as a silicone dérivative) which could later be absorbed from the
urine, 3. the use of a preliminary absorptich step to remove thé surface:
active agents present in urine, The third m:thod seemed most promising.
perticvlarly if -some urea rémovel could be accomplished, Mechanicel anc
chemical. foam breakers wers wasuceessdii, The filtration of urine through.
activated carbon (25 ml per gm éarbon) reduced the i~aming considerably,

Precipitation of calcium end chloride ions in solution resultiug from
cxidation of urea would be necessary if ion exchenge weré to follow. Intré-
quction of silver and carbdnaté fons.into a golution containinz coleium and
chloride 16ns scamed likely to precipitate silver chloride and calcium car-
bonate since the solubility products of these compounds are extremely low.
Four pracipitation methods were évaluated: 1, use:of a saturated soluiion
of silver carbonate in ammoninm hydvoxi<z, 2, usé of dry silver carhonate,
3. 1use of silver carbonate followed by slivér oxide, and-4. use of cry
siiver oxidd, Complets reumovel of both calcium end chloride lons -was
cfincted by methods 1 end 2, using approximately the stoichiometric quantity
of gilver carbonate (based o chloride conten;;). The caleiur %o chloride
content was 0.7 cn an squivelent basis, Analysis showdd that additicx of
silver carbonate beyond the-requirement.for complete precipitation of calu.im
coninued to precipitate chloride, but iniroduced undesirable carbonate ion:
into eolution, It was therefore.decided to attempt a two .stegz-preclpltation
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(method 3) using silver carlunsie Yor préecipitetion of all the calcium and
part of the chloride, felloved by silvar oxidé for rémoval of thé remaining
chlorides T.e use of awronivm hydroxide as a.wolvent for tie silvér carvonate
Vid not seenm to aid the precipitation resction approciably; dry silver selte
were used in &ll fuwrther experiménts. Complete removal of toth celeium and
chioride ionz wes offected by thé two sbtaze precipitation. Silver carbonate
edditions veré in stoichicrslric quantitics bxced on the calcium content and
silver oxide, in 1205 of the siniéhicuetric cuantity based on the remaizing
chloride content. The solution ufier vomplzite precipitation of caleium and
cialoride was highly alkaline, fThic could precuncbly te attrimted to hylrolysis
of cilver oxide,

In olkaline solutiun dissnivéd cerbon diovide exists as thé carbonate
ion and in the presence of ealeivm ious is likely to précipitate as caleium
cerbonafe, Sine silver uxide has -botih the property of reasving chloride lons
in solution &g weil as increasing the alkalinity of the solution, oxidation
of::vrea with celeiunm hypochlorite in the presence of silver oxide (mebhod Z)
seemed likely to precipitate both iic reaction products, celciun and chloride.
in equeous colution of nrea waa corlactod with 1258 of tas stoich? .aotric '
quantity of celeium hypochlorite and 13077 of the ctoichiometric quantity of
sllver oxide based on chlovlile conteni, Completé ;recipiz Sion cf bok
caleium and .chloride ions vas effected. Fowever, only 904 of urea removal
was efferted, indlzating oo as interferencs,

w0 mevhods for the cxideticn.of urea with calcium hypochlorite end fer
the precipitation of the vahsction products; colclum and chléride ions, saem
feasible:

O:ddation with hypochiorite followed by precipitation first vith silvar

carbonate, then.ylth-siiver oxide.(method 3),.
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Simaltaneous oxidation &nd pracipitabion, wsing cuicium hypochlorite

end silver oxide. (metiod 4),

Table VII comperes the propertiss of the solut! n.5.after treatment by the

ancve nebhods and presents a conparicon of the chemlcal requirements. 1t

can be seen that the economics of method /4 zeen more favorable then that
of nothed 3, sinceé the price of silver oxide is crproximately half that of

silver carbonate;

.



Téble VII. Analysis of Solutions Before and

After Precipitation Treatment

82:5.

Property Initial ‘Final Solution  Rinal Solution
Solution _ Method 3 Method 4
pH ‘7'0* 12.2 ‘12.4;
ci?, gn/1 33.2 — —~——
Chloride, gm/i 66,6 —— -
Alkelinity és CecO,
OH,, gu/1 —— ‘23420 18,50
cb;z; -en/1 st 3% 9450
Urea; gm/'l 24,.0% — 2.5
*befqre o:d.dat;ion
Chemical Requireménts
Chemical Congugy tion Consumption
@/1 urea solution urea solution
‘Caleium ihyposhlerite 150.9 1690
Sliver .carbonate. 180,0, -
Silver oxide: 305.8
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-z Cddstion of Uren Ly Nitrous ‘cid

Tke oxidation of urea i aquecus solution and in urine was investigated
to determine ‘the extent and rats of reaction and reaction products. The over-

all oxidation is represented by

CO(NH)), + 2HNO, = CO, + 2N, + 2H0 (9)

The conversion of urea into only gaseous compounds it ideal from the stand-
point of wator recovery, In principle, urea is removed without increasing the
fonic conientration significently, e.g., thé use of silver nitrite and hydro-
chloric acid, Nitrous acid is known vuly in solution and was generated<in
situ by the addition of an acid. followed by a gradual addition of a nitrite.

Experimentally, the:extent of oxidation of aquéous.ursa or urine with
nitrous acid was détérmined by messuring the ures-concentration prior and
subsequent to oxidation, The rate of reaction was measured my measuring the
rateé of gas production,. Gas collection was by means of & spirometer sealed
with a saturated salt solution whose pH was.low, The products of the oxidation.
and the dominent resctions were surmised from-analyses made on the 1i ,did and
gaseous phase,

A number 5f available analytical techniques and laboratory procsdures
required modificstion and/or testing to validate the.method for application
under the particular conditions-imposed by either the type or concentration
of compounds present, The possible intorference of ammonia on the urea deter-
mination with the Mclean ureometer was found to bé negligible,. The acidity
of the semple did not interfere with the determinestion if a 1 ml sample wes
used, The nitrogen content in the 1iquid, as determined by the:alkalino re-
duction method (11), cannot distinguish betweén ammonis and nitrogen at a
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higher oxidation state; It was necessary to analyse for ammonia- separately
by, distillation end-prior to the nitrogen analysis by the alkaline reduction
method, The-presence of urea does .not give a positive nitrogen test by'i;he
reduction method, The phenoldisulfonic acid test(11), specific.for ndtrat:,
was found to be unsuitable due to interference from the nitrite in the samplv.

Analysis-of carbon dicxide in the gaseous products was initially mede
with an Orsst apparatus, Subsequent enalysis with the barium:hydroxide
tisthod (13) showed that ther: were at ledst two acidic geses formél by the
oxidation of urea with rirtous acid, A mass spectrum of the gaseous products
obtained from a mass spectrometer showed the two major acidic gasas to be
¢erbon dioxide and nitric oxide; ‘The measurement of the rate of gas produc-
tiou presented no difficulties,

The-experiméental procedures adopted were as follows. The concentration
of urea in the mother liquid.and in the liquid after oxidation were deter-
uined: vith the Mclean ureometer, eiploying 1 ml sauples, ‘mmonia in the
liquid: aftér oxidation was fourd by the-distillation method; the nitrogen
remaining, by the alkaline reduction method.. The volwie-of gas producad. was.
measured at one~mirmte intervals, up to 15 mimites when:the reaction vas
egséntislly completed.. A grab_saiple (usually 30 ml) was used for the analy::
of both.carbon dioxide and nitric oxide by a modification of ‘the bapium aydre .
ide method, The total acidity was found by titration with ‘hydrochloric acid;.
carbon dioxide, from the weight of berium carbonate formed; and nitric oxide,
from the difference between totsl acidity ani the acidity due to carbon
dioxide. A mass:spectruin was also obtained on separate grab camples.corresponc
4ng to the sume time interval.
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Experimentally, 0.84 molés HN0, oxidized Q.46 r31és ures, giving & yield
-or efficiency of 30%. Reéults: for several écheies of HNO, formation are sum-
marizéd in.7able VIII, Low :/:{éldé are associeted .with phosphoric acid;. .an
incompletely dissociated acid; high ylelds are associated with sulfuric. acid,
&-strongly dissociated acid, Yields obtained with.aqueous solutions and with
Urine aré-similar, indicating little interference, despite the complex compo-
siticn of urine, Foeming was encountéred in the oxidation of urine. This
can be mirdmized by-slowly adding nitrite-in solution form,

'The volume of gas produced :versus time is shown in Fig, 13. The réte o
reaction is small after 10-15 mimites, -The volume of gas produced-at the.end
of 10, 12, 15 and 60 -mimites are. 1,19, 1,21, 1.22, and 1.26 1 respectively,

The- acidity of the-gas was found .to-be considerably higher than can be
accounted by carbon:dioxide elons,. A .comparison of typical values for the
oxddatien of 25 mmol ures with a stoichiometric quantity of mitrous acid is
giown in Table I¥. The: dcid. gases:were-absorhed in water or birium hydroxide
end the determinstion of nitrogén:in the. absorbént wes positive, indiceting
the presence of sowe {orm of oxide df‘niiéi'ogen.k The gaseous products, upon
gipéshrg to alr, assumd e reddish-brown sppearance, 'This lead to the hypothe-
sis that.nitric oxide was present and upon oxidation gave- the cheracteristic
;c0lor: of nitrogen dioxide,

Confirmation that nitric oxidé was a'major gassous: product from the-
‘oxidation-of urea with nitrous -acid was obtained from two additional sources.
Table X shows the relavivé values of the significant peaks obtained from
syveral mass spectra, No pesks vere found between mass wiimbers -47-108; the
peak:associated wAth a mass muaber of 30 cofresponds to the excess acidity
noted atiove, adding assurance that thi:éxcess scidity was dus to nitric
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Table VIII. Oxidation of Urea by Nitrous feid

‘ _Efflient
Urea, Mitrite, Acid, Exesss .Nitrite#, Urea Oxi~
Bun. mol/l mol/) = eg/l  Mitrite g/l . diged. %
1 0.46 0,9 1,08 1o A >86
2 E 0.8 0.9 1o ' 7
3 0.49 0.84 ‘no l 60
4 1,66 0.8, yes . 84
5 0.8 0.8, g 8,
L 6 0.97 0.95 yes | 85
a7 W73 1% yes l 84
;3 8 1.62 143 yes 85.
29 0.8, 0.9 no 9.1 51-
& 10 0.84, 0.91 no 10,3 51
° 11\ 1.25 1% yés - 64
§ 12 2,51 2.29 yes - 85
<13 1.7 K7 yes 28,2 1
1% ‘0.8,  0.98 no XA 81
15 0.84 147 e 5.2 78
16 0.8, 147 Bo- 641 80;
17 ¥ 0.84 .47 o 6.2 79
18 046 0.84 1,47 Y 5.8 80
o 19 038 0.8 0.8 o 4 7
F20 041 107 0.8  yes p 82
=2 046 1,07 0.8 yes A 84,
2 034 0.8 0.86 o 12,0 %
Note: n.a.,. = not availablae

%5eé discussion on page
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Table I, ieldity of Gozeous Products
(Based on oxidation of 25 mmol
ures in aqueous solution)

Total [cidity, Carboh Dioxide, Uther ncid
meo. —T00e Gases, meq,
46,1 24,8 21.3
47,3 23,2 246
41,6 27.7 13,2
L3.6 28,1 15.5
44,0 30,1 13.9
32,00 22,6 94
\ 36,0 23,2 12,8
. ive. 41,6 25.7 15,9
H

o - =

b 1)

1
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Toblé X, lass Spectrunm-of ‘Gasecus Products

: L Gas Volune, %
- ,, {fg tiys 110; 60,
t Tienm\ 28, 29 20 bl 54 46
A 85 12 %0
3 B 78 1.5 0.5
¢ 65 12 23
i D 63 15 22
E €0 12 28
; L5ve.® 54 13 23
|
l Chemical . Ges Volume, %
Tests . Total
% NO €0, Volume, 1
‘ A VWA 22,7 -
' B 1.3 20,2 1.69
¢ 1,5 23.3 1.39
D 15.6 23,0 1,42
l E 19,2 A1 -
iveH 3 2. b
[ ’

o3 y3udés B
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oxide, The sensitivity of thé.alkeline réduction method of nitrogen determi-
nction to.oxides of nitrogén wes evaluated, Jitric oxide, nitrous ox” e, and
ritrogen dioxids wire dissolved. in waer and the rnitrogen ccatent of the udsiyb-
ént determingd, fTho/ fﬁiﬁ? éﬁ%ee(}me ‘that the excess acidity was nitriz oxide,
Tad oxides of nitrogen.uséd had a minimim purity of 997, Waile nitric oxdide
and -ritrogen dioxide-aré soluble to somo, extént and nitrous oxide 13 very
soluble in water, nitrous oxide gave a négative test with-the elkaline reguc-
tion fethod. The ure of the Snltzron métiod fér analysis of nitrcgen dioxide
(i4)s a spegific ‘test for nitvite, ruléd oul its prasence ih the gaseou: pro-
ducts; the mags spschrum confirmed tic, 4 positive test for nitrogen.in the
alsorbant indicated was nitric oxide is present tut doés not rule oul the
pocsibility of nitrous oxide &ince both compounds have a mass number of 44,

The excess acidity together with the méss spéctrum indicaté that nitrous

oxide ymsprésent in small quintities compared with niiric oxide ard cerbon
dioxide, See Table X

The sensitivity of thé rcduction nitrogén test to the three oxides of
nitrogen are swmarized in Psblée xI. For reasonable accuracy, a vetér Lo gas
velumetric ratio of three should be used for thé absorption.ctep, A mindaum
voiunetric ratio of 10 wes adopted for expediency.

Fres amronia and total nit¥sgen content of the aqueous urea soiution
after oxidation arc given in Table XII,. The presence of free ammonia indi-
cates that .r. of the mejor recctions involveu in the oxidation of ureg is
hydrolytic. The quantity of iitrogon présent cs ammonia accounts for roughly

onc-half the total nitroger. The vomainder of tha nitingen ia nitrlie-hilrute.




Table I,

NO

NO.
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Sengitivity of the /lkaline Reductlion

Nitrogen Test to Oxldes of Nitrogéen

Vclume Ratio,

WaterZGas

0.2
1,0
5.0

0.2
0.4
0.6
1.0
2.2
3.0
40

0.1
0.2
0.9
1.8
3¢5

Detection,

16
17
A

86
100

35

88&&

1
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Table XIt. Ammonia and Total Nitrogen Tests
on Oxldized Urea Solution,
(Based on oxidation of 25 mmol,
agueous ‘urea.solution)

hmmonia, Total Nitrogen, Ammonia,

mg N -.mg N

107 212 5045
108 240 45.0
121 234 51,7
126 280 45.0
122 253 8.2
103 255 39.6
122 225 5441

Aveo 11 5 u.j 107




A symopsis-of the major roactions 1uvolved 1nvthe o:d.dation of: Aurea, -

synthesized from- the experimental resulte ang> known equilibria, ‘is-as- followa.

The reaction is essentially coimplete- i.n 10=15- min. The: gaseoua Products
1dentified up¢ ‘nitric oxlde, nitrogen, carbon dioxide,

*water.

The ‘pre-

sence. of aerg]:gﬁvel.y large. concentration-of :n;t:oganzppmpqun@s remaj.nine

in-the. tFeated -urca solition is:dus.partly: t6-e5id hydrolyais of urea and'

3HN0, = EH'{‘}JQ;+=-A2NQ+”H2(')V

‘partly to the-eqidlibriun betiven water and nitric and nitrous acids,

(10)

The equilibirum constant.for-the Teaction 13K = 30; the equilibrium is

the principal source of nitric oxide in the gaseous products and of'nitrogen

1n:the 6xddized: urea solution, ‘Becausé:of -the equilibrium, specific nitrite
and nitrate tests cannot distinguish betweon nitrite:and nitrate,

The forme-

‘tion of a‘relatively:stable foam when urine is oxidized may’bé minimized by

prétreating urine with activated carton or by controlling the rate of nitrous

are

: gcid r?mﬁono

HNG' +mn2.=u2+mo+250+nx

}mco + HZO = “ﬂ3 + 002

HNCO + HNO, = COp + Ny + HO

3mn2=ll"+m;+2m+ﬂzo

-
ohy

.

The major reactions involved in the oxidatioh of urea vith nitrous wld

(1)

(12)

(13)

(10)

s
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The volume of gas résulting from oxidation of 25 nmol urea with a stoichio-
metric amount of nitrous acid was found to be 1.4 1 or 57 mmol; the composi-
tion of the gas on a dry basis was:. carbon dioxide, 23%; nitric-oxide, 13%;
and-nitrogen, 64%. Thé quantity of ammonie and nitrite-nitrate present in
solution was 8,5 mmol each, The yield of the oxidation was 80f with respect
to urea, The.small percentage of carbon dioxide formed indicated that the
reaction represented by Eq. (12) ¥ept some of the carbon dioxide in solution.
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MISCELLANEOUS METHODS

Urea forms & precipitate with paraffins whose chain length is greater
than. six carbon atoms, The paraffins are insoluble in water, hence a common
solvent for urea and dodecans or some other paraffin is necessary. 7The use
of methyl butanone serves as the common solvent and urea-paraffin crystals
form in the solvent. "The partition coefficient for urea in a water-metiyl
butanone system favors the predipitate formetion orly when the concéntration
of ursa in thé water phase is near saturation, This scheme has a potential
UCR of 50,

Dixanthydryl-urea compound is insoluble in the presence of a little
acetic acid and is readily formed. The high molecular weight and the com~
bining ratio of two molecules of xanthydrol to one molecule of urea gives
a potential UCR for the urea removal step-of four; an overall estimated
UR of 2.5. '

The hydrolysis of urea by the enzymé ureese is well documented (15)(16),
The hydrolysis product, ammonium carbonate, presents difficulties for the
subsequent treatment method vhether it be elegtrodialysis; distiliution or
&¢n allied method; or a physico-chemical method, The urea in urine masy be
¢ompletely hydrolysed in a buffered solution (pH 6,5-7.0) in two hours.

Our results, using unbuffered urins, indicate 25 hours are necessary.

The removal of smmonium carbonate from solution is difficult. The work
of Brown, et.al.(17), ‘showed thet only 10% of the smonis wes lost in‘2+5
hrs when a hydrolysed sample of urine was subjected to an aversge absolute
vécuum of 10-25'mm Hg, The precipitetion of smmonium megnesium phosphite. or
ammonium celcium phosphate is possible by the addition of calcium hydroxide
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to a hydrolysed sumplé of uring bufferéd with phosphoric acid, Our results
inlicate that 60% of the water'in urine is associated with the precipitate

as watér of hydration, See Table: AIIl.

Table XIII, Prcéipitation of ;mmonium

Cerovonatz
L iafionia Mater
“NH 4603, Reacted,, Recovcj*réd ’
még o ] %
200 61 56
100, 56 62

100 66. 72

—~
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Jystem Syathesis =

System synthésis, the sélection and =ombination of processeés for the
recovery of vater from 1 ire, may be made on the basis of information déevel-

oped in this study, knowledge sained from studies relatéd to the mamied

space vehicles (NiSh), and the experiences of World war II. Systems vhich
ore feasible nt present do.not have necsssarily an overvheluing sdvantege
over the storsage of water,
The copacitiec of the several physico-chémical methods fov the purifice
tion ¢f urine mey be summarized as fellovws:
1, ¥ixéd bed ion exchange is superior to multiple bed ion exchange.
! Demineralization capecity for nixed bed ion exchange is approxi-
mately 3// the rated capacity; for-multiple béd ion schange,
1/4, thé rated capacity,
2, The ion exchange resin IR 120 can rémove urea from urine; cepacity
is approximately 1/2 the rated capacity in meq/cm3 resin.
3. tetivated coconut charcoal ses effective for the removal.of color
and urea from urine. Thé capacity of charcoal is 1/2 that.of the
IR 120 résin. The main advantoge of charcoel is its ability to
remdVe color and frothing agents from the urine., Some chloride is
rémovéd due to a hydrolytic reaction,
4s Urea may be oxidized chemically by celeium hypochlorite, Approxi-
mately 140% the stoichiometric quentity is nesded, The ionic con-
gentration of the urine is increased by the impurities present in
‘the  hypochlorite (Cécl:_) and Y, the oxidation products~(08612) and

reducéd through thé prenipitation of caleium sulfate.
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5. -Urec oxidation by * *trous. acid would- redquive & % excess over the
stolchiofiétric réquirem.nt, ‘The ionic concéntration of the uring
is incréased. dug to thé nitrite-nitraté equilitrium,

6. Thé hydrolysis of urea by the énzyme ureese is'rapid wnen urinc is.
bufferaed with respect to pH. by tle use of phosphoric acid, .The
prodict of hydrolyeis, ammonium carvonate, remains in solution,

7. Jjmronium ion mey be précipilated from solution a3 emmonium calciwm
phosphate; Thé compound is highly hydrated and reteins up to 50%
»¢ the vater treated,

For the purpose .of comparing the various.-dystems synthesizeu on some-
Stardard bagis, the .corposition of urine may be. classified into. tuo major
categories: iréa (0.4 mel/1); anions -and cations (0.3 eq/l each), Guide-
lings. 56t rorth by NA3A mey be tsed to assess penalties.for powir requircmerit.
of ‘the systém:

"Electrical powér uséd by the gystem:shall be charged to the

weight of thé systéem at & rate of 0,3 1b per satt used.!

For thé process considéréd to bé thé best sultéd for menned space flight,

‘the- vacuum distillation néthod, post-tréatment with 160 gn -activated carbon
and-pré-tréetusnt sdth 3 ml 98% sulfuric acid vére réquired pér man-day

of uriie (13).. Thére is some doubt as to the potability of the uatcr pro-
duced: by this process, evon with-pré- and post-treatmeént, because/'ihe reported
30-60 ppn-cf free emronia in the recoverod vater,

‘The emergency zits used  for deminerslization-of sas water: [or flyers
indicate that.the Gapacity of ion exchenge resins-for demineralization is
approximately 0.75 éq psr 100 gm reéin, The corresponding capacity for

ireating urine must be reduced in-accordaice with item (1) above.
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A eomperison of the: systems sviilzelz for water récover from urine is
glven in Table XIV; -newér processes:in the investigativé stages are’ aisg
shown, Power penulty was estimated at 0.4 f‘t3 , the volume of fuel 6il
necessafy to cvaporete water at 1007 efficiéncy. This is a fairly repré-
sentative figure. For example, the smaller amount of heat.recuired-for*
eVeporation at lower terpersturés ic compunsutod by the ineréuded endrgy
neeted for the colipredsér in the cesé of vapor -compréssion,

Sore p6Ssiblé systems émployitig physico-chem cel méthods sre:

1. Mized  *od' ion éxchange-the use of . 410 and IR 120 réesins-for
demineralization, IR 120 resin for -urea removal, folloved by
activatéd carbon for color and odor reductiof. The reguired
activated crrbon may be divided t6 give pre- and post-trcatment,
Thé pre-treatment.enables the ion exchange resins to funetion
.more-effectively by removing non-polar and weakly ionized orgsnic
compounds and suspended solids.,

2, Chemical:oxigation of Urea:with caleium hypochlorito rollowed by
precipitation of celciwe end chloride; asu-oy isn exchange:demin~
eralizétion, The packaging of tho hypochlorite. and ‘résifis cen
ndninize. the bulk of matériale required, Color is removed vith the
precipitation step.

3. The'usé 6f zeolites for demingralization followed by :ectivated
carbon and IR 120 resin for thé removal of urea.

The volume of wrine treated to volume of chemical required (URC) ratio

of 3°to 4 can-be improved: by limiting the amount of protein in the indivi-
dupl:diet, Thé exeretion of uresvcen be:rdduced by a factor of 2-7-(1 )(19)
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with a corresponding increase in the UCh for tho physico-chemicel methnds
#- . paxdinum value of 10 bt the distillation.and asscciated methods do .ot
borefit from a Jéwer urea content in th2 wrines Termincl disinfoction £ov

L - ave mehhods by chumiésl weans chould be inclnded.
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Teble IV, Répreséateliv i, i cr of Cwraat Yebar Recovery Technign:;
‘Capreity, 20 1o./duys 14 dey niscsion

(420 “ba ov 592 £:7)

. 1
Iolue 2utio

'Pre~ and- Post-

Prcenss Sosie®  Poyr Pencity’  Tréstuent Inelutia
Wreo~ne Dhesillabion b4 B4 b

Jac.aum Distillation X X %

Vacauh Pyrolysis 2 147 LA

Lapur Gorprassion 365 2.2 2.0
velbrane Blectredislysist 138 7.5 3.7%
Fhyizo~Chenicel Vethods -4 3~4 3

Comracicon of Reletively New Yater Recovery Tochniques

capoeisy, 30 Inlfiwv; 14 doy risslen
3

(420.1b. or 6,73 £4.7 ucter)

Pre- and Posi-

Lracess Besic® Poyer Pencity” Ireatment Included:
sone Refining x x x
Eloetvolysis Cell-Fuel Cell = X x

Spray Ccndenser 3.5 2.8 2,0

=y

Vewobrane Perneaticn 9 ?

}1,

Ultrafiltration 7 7

Therwoéléetricity 7 1

I

Notes:

1. % donotas volume requirement greater than that required for the
storage of water,

2, Stored vater/apperatus,

3. Seme as note (2) with power penalty, and

# Urea removal not-includeds
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