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ABSTRACT

This report considers studies of the properties of grunular silica gel -
in relation to its use for the recovery of water from the atmosphere to com-
pensate for the consumed weight of fuel om lighter-than-aircraft. In it are
studied the processes of adsorption of water from the air, the reactivation
of the saturated gel and sundry properties of granular cilica gel which may
affect its use for this purpose.




. AUTHORIZATION

R & This problen was a.uthorized bw Bureau of Aeronautics Projact'
Order No. 164/34 of 26 June 1934.

STATEMENT OF PROBLEM

e Certain disadvantages in the water recovery apperatus of the type
used on: thc AKRON znd the MACON have led the Bureau of Aeronautics to consid-
er the poscibility of using other metnods for water recovery. Among these is
the use of granular silica gel to adsorb wuter from the atmosphere. The
problem ptudied in this report is to consider the significant engineering
properties of granular silica gel to obtain engineering data which will per-
mit the Bureau of Leronautics to appraise the feasibility of the use of sil-
ice gel for wuter recovery in lighter-than-air-craft.

ENOUR FiCTe Buakiil ON THe PROBLEM

3 The use of silice gel to adsorb vapors from gases, especially
air, has been aldely studied in chemicul laboratories. Most of the data
which have been published are concerned with adsorption under static condi-
tions and practically no work has been done on the rate of adsorption. Con-
siderable work hes been done on methods of preparing silica gel and of re-
cctiviuating the used materisl.

he Sllicu gel is & commercially avallable cubstance obtuined by
the chemizul interaction of & soluble silicate, of which "weter glass" is
typical, and an inorganic acid such as sulphuric. The hydrosol of silicis
acid formed In the reuction "sets™ in & definite time to a Jelly-like muss.
This mass 1o carefully washed with water, the temperature of which is care-
fully controliled, to free it from excess acid and salts and then is dried,
crushed, sized und-heat treated at a definite temperature. The resulting
produce ls & hara, glassy, grenular material, light in welght and highly
porous, its intornul structure being made up of enormous: number of tiny
capillary tubes whose dismeter are about 4 x 107‘ cm. Its properties indi-
cata that 1 cubic inch of silica gel contains, roughly, 50,000 squure feet
of pore surfuce.

5. The enormous internal surfuce in the shape of fine capillaries
attracts most vepors and condenses them &c liquid ln the pores or capilleries.

6. The incressing use of silica gel for air conditioning has led the
manufacturers of air conditioning equipment, such us the Silicu Gel Corpora-
tion of Baltimore and the Bryant Furnace Company of Cleveland, to study the
engineering uspects of the adsorption of water by silica gel end its reacti-
vation by direct contact with hot flue gases. Most of these data are held
as commerciully confidentizal by the respective companies. Owing to the
nature of the usuul air conditioning instullatlons, however, most of this
engineering datu is not applicable to the present problem. These companies
do, however, have extensive knowledge of diverse properties of silica gel
which effect the feasibility of using it sboard sircraft. &ilica gel has
.been studied by the Zeppelin Compuny &t its Friedrichshafen plant. The
method used there was one employing silica gel powder of very fine mesh. It
is understood that the experiments were abandoned.
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THEORETICAL CONSIDERATIONS

7+ The theoretical factors wnich have a bearing on this problem cen
Ye considered in the following subdivisions: (&) the adsorption processes,
(b) the reactivation processes, and (c) the incidental properties of silica
gel.

Adsorption Processes

8. The total amount of water which & given sumple of gel can adsorb
depends on the weight of the gel, the tempersture and the humidity only under
static conditions. When ordinary air is passed through a given layer of sil-
ica gel, tamc rate of adsorption of water vapor from that air depends upon
(2] the grain size of the gel, (b) the thickness of the lsyer, and (c) the

“velocity of the &zir as well as (d) the temperature =nd (e) humidity of the
agir. To obtain the engineering data necessary to decide the feasibility of
this system, the effect of all these theoretical factors must be taken into
cm:aidaratian.

Reuctivation Processes

9. In reactivating a given sample of gel upon which water has been
adsorbed, the wmount of water which can be recovered depends on the amount
of gel and the emount of water which has been adsorbed, but the rate at which
water can be recovered from a given sample of silica gel in the reactivation
process depends upon (&) the temperature of the silica gel, (b) the partizle
size, and (c) the rate &t which the water vapor is removed from the immediate
vicinity of the gel particzles. The engineering data relating to the reacti-
vation process necessary to determine the feasibility of this system must de-

teraine the relation between these variables.

Incidental Properties of Silica Gel

10. - The sultaubility of silica gel would further depend upon & variety
of iancidental charucteristics which include:

{a) The purity of the silica gel.

(b) The metbod of preparation.

(c; The past history of the gel.

(d) The aerodynamic cheracteristics of the granules.

(e} Thermal characteristics of siliza gel.

(f) The disintegration of the gel particies with zge.

(g) The abrasive nature of the gel and its effect upon apparstus.
(h) Powdering of gel resultiag in loss.

(1) Weight and space characteristics of the necessary equipment.
(j) The effect of impurities from the atmosphere or activating medium.
(k) The effect of contact with liquid water, as from rain or snow.
(1) Health hazards.

NARRATIVE OF ORIGINAL WORK DONE AT THIS LABORATORY

1l. The significant properties of silica gel were studied at this
Laborutory by obtaining a variety of samples of silica gel from the manufac-
turer and studying the processes of adsorption &nd reactlivation.
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QDS
(a) Preparation of !gter;uism_

12. The silica gel used in these experiments is & stendaerd commer-
cisl product of the Silica Gel Corporetion and wes obtaired directly from
thet corporation. The Silica Gel Corporetion supplied the followlng repre-
sentuvtive analysis chowing the impurities in an evercge commercicl gel.

Chemicel inalysis
Totel residue 0.2 to 0.5%
Iron and aluminum, &s oxides 0.1 to 0.3%
Net residve &s sodium sulphute 0.1 to 0.2%
heldity, as Hot0;, less then 0.05% '
Eilics Gel Remainder

The gel as received was slightly stained ¢ yellowich brown color by the de-
composition products of the traces of wood fibres wlich hud become mixed
with the gel from the wooden equipment used in menufscture. Samples having
the following grein size were used:

2-4 Tyler's Sieve Series
" L]

4=6 .

6_3 U] n "
g-10 " . .
8-20 " n n

The 8-2C gel ir & widely used commercisl prodict and is composed chiefly
of 9-10 gruin csize.

i~ gl g

13. Prio: to a tect of the adcorption characteristics of & gel
semple, the stmple wa:s activeted by heating. The gel supplied by the com-
puny htd been activeted by heuting ir a furnace for three hours at 600°F
in & moving &ir stresm. Following &n adsorption tezt, the gels were com-
pletely wetlvsted In furnuces constructed st this Loboretory &t tempere-
ture. less thon TOO°F (usuelly st 600°F).

1. The wuitorption o wuter by the veriovs sumples of cilica gel
vis determired by placing ¢ weighed sample in one of two types of adsorbirg
ped: (Ploles 1 end 2). The welght of wuter uadserbed wue deternmined by the
incresse in weight follcwing the adsorption of weter. These adsorption
pade were fitted into the duct syctem shown in Plote 2. In this, B is an
electricully driver blower forcing atmospheric air at & consteant rate
through the duct [' containing the peds. The duct gystem wus so constructec
thet four sdsorpticn puads could be placed in the air stresm eimul téneously;
when this wes dove, one puir of pads wes ir. serles and another peir in
parellel with the first.

15. The adsorpticn peds were constructec with a fremework cof -
venized iron. The silica gel was retained by tirned copper screening %16
wires per inch) soldered to tbe frame. The peds were cerefully braced, &s
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 shown, to minimize bulging which would Tesult in the meldistribution of air
flow through the pads and ezlso increzse the weight of the gel. The larger
pad; had & cross-section o.f +90 8q.ft., while the smaller ones were of .105
sq.ft.

16. The adsorption pede were so fitted into the duct that they could
be removed repidly for weighing and provision wes mede to insure that there
be no significunt leakage pest the edges of the puds nor to the outside of
the ducts. The experimental runs were timed with an interval timer. The
weight of the pads before end after edsorption were determined on chemical
laboratory balamces. As a check upon this measured cdsorption of water, the
semples were dried In an oven end the weight of water loss determined.

: 17. The humidity of the incoming &ir was determined &t intervels
with & celibrated stendard U.S. Weether Buresu eling psychrometer &nd, as a
check, by celibrated wet end dry bulb thermometers located in the moving air
stream, The tempersture of the air was mezsured by calibreted thermometers
pleced just in front of the gel. The rates of air flow through the gel beds
were mecsured in three independent ways: (a) by & calibrated Pitot-Vemturi
tube, (b) for the higher velocitics with a Pitot-static tube end (c) with
thin-plate, charp-edged orifice meters. The beck pressure developed by the
air flowing through the gel pads was measured with & U-tube water manometer.

The Reactivation Process

s ¥ 3 The actual projected use of the silica gel water recovery ccheme
requires that the silica gel be reactivateé by heat supplied by the hot ex-
haust gases from the engines and that the water drivem out of the gel by this
heast be condensed end added to the ship's ballast. Two possible methods of
effecting this suggest themselves:

(e) Lirect Method -- The hot exhsuct geses mcy be blown through the wcter-
lzden silica gel u¢fter which the bhot exhuust gares enriched with water would
pess through condensers where the weter vepor would be condersed out.

(b) Indirect Method —- The water-laden eilica gel vould be heated in an
oven-like heat interchanger, the heat teing supplied by the hot exlirust gases.
From tbis ovem the water vapor would pass to a small air-cooléd condenser.

19. Ascerteining the feasibility of using euch of these twe methods
would require that the following engineering dete te determined:

(a) Direct Wethod

(1) The rate of water extraction from & gel bed by the hot guses.

(2) The energy consumed irn forcing the exhuust gases through the
gel bed.

(3) The condenser surface reguired to condense the weter.

(b) Indirect Method

(1) The rate of water loss from heated silica gel.
(2) The rate of heat transfer through & mess of silica gel.
(3) The condenser eres required,




<0. Commercizl experience in resctivaticn of silica gel with hot flue
geses suffices to show that the rate of water loss from silica gel by direct
_hesting is ample to meke the process feasible and hence no leboratory experi- .
ments on this were made. The indirect method wes studied by heating the mois-
ture-laden silice gel ir metal crucibles.

DATA OBTAINED
(a) Curves or_ Plots of Data

2. The date obteired for the adsorption proces:s are io part graphi-
cally summarized in Fletes 4 to 9. Under. verlous combinutions of t.enperatm'e
end humicity, measurements on the effect of gel cize, eir velocity, bed thick-
nese &nd heut treztment on the rate of water vapor sdsorption by silica gel
(from eir at 760 om Hg) sre tsbulated in Tsbles 1 to 6. Some date concerning
the reactivation process are given ir Plate 10. The weter vapor adsorption
under static conditions is given ir Plete 11 anc the beck pressure generated
by glr flowing through beds of silica gel is given in Plate 12. Flow sheets
$1lustraticg poscible complete water recovery processes (under rather favorable
conditiong) ere given 'in Plates 13-17 inclusive. Cieliculaticns similer to those

~involved in thc flow sheetc but for & veriety of conditions ere summerized ir
Tuble 7.

(b) Date in Tsbuler Form
22. The date are condensed into Tables 1 to 6.

(¢j Probsble Errors

23. The daty contained in this repmt are considered to be sufficiently
accurate for the purpose in view.

(d) Date on Incidental Characteristics of cilica Gel

2. The following data on the incidental properties of cilica gel which
may effect cecision £s to the feasibility of using it are given.

(1) Purity. The adsorption cherscteristics of sllica gel depend upon its
purity. More irportant, the life under high temperature reactivation
i &lso affected by the purity. The precent product of the Silica Gel

rporation contsins enough impurities o that high temperature (about

1000°F; reactivation shortens the life considersbly. Professor W.A.
Patrick (inventor of the method of manufucturing silica gel; wnofficicl
sdvizes that the vse of & more highly purified gel might prove econori-
icuily profiteble ir & water recovery installation oung to the longer
life obtaineble. _

) The Method of Preparation. The methods of preparing the gel have been
carefully studied by the Silica Gel Corporaticn end it i= believed
thet corporeticn would supply the most suitable meteriel. For &n ad-
ditionzl cost of perhaps 20 cents & pound, & more highly purified
materiel could be supplied which could be hested to considerably higher
temperctures without destruction.
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Past Higtory of the Gel. ' The adsorbing power of the gel depﬁds-

-grectly upon its past bhistory. Heating to too high temperatures im-

. pairs the sdsorbing power. The effect of the temperature or Lesat

(4)

(5)

(6J

(7)

(8,

trestment on the edsorbing power is shown in Plate 18 and Table 5.
The izpairment of adsorbirg power depends on the temperature to
which the gel has been heated in excess of 600°F end is independent
of the time which it ic expo:zed to that temperature. The effect of
higzh tcmperature 1s much more sericus in Impeiring the adsorbing
power et low humidities than &t high (Teble 5). Commercizl exper-
ience in reactivating silica gel with hot flue gases shows that the
Pick-up of black deposits contained as impurities in the flue gases
does not serlously impuir the adsorbing power (under static condi-
tions) even if the silics gel becomes black, provided the carbon
content of the deposited organic sttter does not exceed 0.5% of the

gel weight. W g

herodynamic Cheracteristics of the Granules. The power lose in |
forcing air through beds of silics gel in water recovery apperatus

is a significant factor. In commerciel eir conditioning epparatus
the ususl rate of air flow i3 50 c.f.m. to minimize this factor.

The horsepower required for passage of the air over silica gel beds
is given in Plates 4 to 9 and Table 7 and is shown in the flow sheets
of Pletes 13-17 inclusive.

Thermel Cheracteristics of Silica Gel. The adsorption process re-
quires that the heat generasted by the condensation of water in the

gel be dissipated; this requires that an excess of eir be used to

cool the gel during the adsorpticn part of the cycle. Further, thls
linits the speed of the wudsorption procers since the low heat conduc-
tivity of the gel particles limits the speed with which this heat can
be removed. Analogously, the speed of the &ctivation phsse is limited
by the low heat conductivity of the gel granules -- the rate of hest.
flow to the innermost porticn of a granule being low even if the acti-
vating temperuture is high.

Disintegretion of the Gel Pearticles with Age. Commerciel experience
with sir conditioning spperctue gives some aatu on the 1life which - ¢
night be expected from silica gel under the conditions which obtuin

in those irstsllaticns. After & perlod of four year.' operuticn, it
is reported that one industriel air drying instellation employing
granular cilica gel in stationary beds required @ replucement of 10
percent of the original weight.

The Abracive Nature of the Gel. ©Silica gel is very cbrasive and tends
to destroy uny apparatus in which it 12 used. The £ilicu Gel Corpors-
tion finds it necessary to employ wood epperatus to hundle it In the -
ary state. The destruction of water recovery apporectus would be &
serious economic factor which wculd have to be considered.

Powdering of Gel. The repeated hundling of the silicu gel required
in sirship water recovery apparatus would abrade the granules and
powder the gel. This would result in loss of gel and in possible
deleterious effects such &s those experienced on the experimentsl
instaellation of the Zepplin Company.




(9. Geight snd Space (uarecteristics of Necessary Equipment. The weights
-of sllica gel which would be required for & given rate of plck-up ere
given in Teble 7 and Plates 4, 5 and 6, but these weights do not in-
clude the equipment for conteining the gel. The weight and spuce
mui cteristice can omly be decicded by &t lesct preliminary design of
equipment.

Effect of Impurities from the Atmosphere or activuting Medium. Under
the conditiens whiech wenld nermsally eobtain on am airship, impurities

from the atmoéphere would be imsignificant. If activation were by
direct heating, the effect of the lead and bromine compounds, etc.,
would have to be considered as would the effect of the terry matericls
in the exhaust.

) oo Lffect of Comisct with Licuid Water ec from Rain er Snow. Experi-
ment end cemmercial experience show that silica gel granules ere rup-
tured if they come in comtact with liquid or solid water. An airship
installetiom would have to make provicion for preventing the rain end
snow from coming into contect with the gel beds.

+ It is knowm tbat exposure to silica induces the path-
ological cemdition called silicosis. It is not known whetker this con-
dition can be induced by repeated exposure to silica gel, though em-
ployees of the Silica Gel Corporaticn exposed dally for severzl years
to air heavily laden with silica gel dust have reported no trotvble.

The possibility of a heelth hazerd from this should, bowever, be rec-
ogniged.

(e; Gxample of Use of jbove Dats.

25. To illustrate the use of the data conzidered above, & typicul en-
glreerl.ng calculat.ion- muy be mude.

hater required for ballest - 1000 1be./hr.
Gutelde sir - 70°F. Reletive humidity - 45%
oilice Gel - 8-20 Tyler Mech (1" thick gel beds, demsity 3.2 1bs. /8q.£t./in’ ;
Air flow - 170 cu.ft./sq.ft./min.
1 cycle per hour
Exposure time - 30 minutes
hActivation time - 30 minutes
from graph
.19z 1bs. weter/1b. gel/exposure
5200 lb:. ellica gel required
Bence
2600 1br. gel in furnice elwinye
2600 lbs. gel in &ir duct elways
812 sq.ft. gel bed in air duct
Power to move air through gel bed in iir duct 812 x .C418 = 34.0 d.P.

Heivt required for water removel at 60Q°F
for silica - 5200 x 104.5 = 543,000 &.T.U.
for water 1,28),600 B.T.U,
Total heet required for water removal :
et. 600°F 1,832,600 B.T.U.




CONGLUS10KS_4ND RECOMMEMDATI0HO
(a) Fects Estsblished
26. The rate of edsorptiom of wuter vepor from air has been deter-

mined for ¢ number of sizes of granular silica gel over & wide range of
bumidity, temperzture and air speed.

27. The effect of a number of incidentel properties of silica gel
end the feasibility of using it for water recovery has been collected.

<8. Data concerning the recctivation process have been cobtained.
X 29.  Heat balances for the processes have been determined. L

30. ~The adsorbing power of silica gel in water vepor under static
conditicns is independert of temperature and dependent only upon the rels-
tive humicity.

; il.  The percent of wuter adsorbed by commerciel silica gel (per
unit weight of sctive gel) under stetic conditions is equel to the relctive
bhupidity divided by 2.

32. Fhen silics gel is heeted above 600°F, the loss in edsorbing
poicr is determined by the temperature clone to which it nas been heated.

I3¢ When hest trectment hac impeired the edsorbing power of silice
gel, the impzirment is greuter ct low humidities than ¢t nigh.

(b: Opiricas

34. It is considered that shovic the Bureau of seronautics ten-
Plute the ute of silica gel wuter recover uppuritus, & decision will bave
to be made Letween the use of grapular :.lica gel and the use of powdered
silicu ge. us wus proposed for the GRAX . EPPELIN. It i:c felt that it mey be -
easier to overcome the deficiencies which have been di:closed in the labor:-
tory operztion of the uKik /rPPELIN Instullation thip it woulc be to decign
& setisfactory granular gel apparatus. FPerfection of the powdered gel in-
ctailetion would require principslly & .tidy of dust-collecting devices to

_prevent lo:: of the gel.

(e} hecommengetions

35. If the burezu ¢f heronuutics consider:s thut the use of granuler-
silica gel for wuter recovery holcs promi.e, it is recomicnded that prior to
design of the spparatus the following =tuuies be mude:

(2) The rete wna efficiency of heut transfer from hot exhaust gases by
direct and indirect con*zct with moisture-leden sillea gel.

(b; he sbrasive efrects of silicu ,.:1 on the eguipment.

(c) Ine azbrading efrects of repeatec. hendling on silica gel.

(d; The effect of repeuted exposures to exhaust gases on silice gel.

(e) The corrosive effects of continied exposure to exhuust guse: on the
equipment.

1, The feasikility o veing ¢ higsn @ purified cel.




SUIMLRY AND DiiCUSSI1OH

Thls report conttins a summury of experiments to illustireate the
more importint fectors which determine the riic of water vepor cdsorption from
air by silica gel Including (1, the temperaturc of the eir, (2) the relstive
humidity of the air, (3) the rate of air flow, (4) grunuler size of the zilics
gel, (5) thickness of gel ted, (6} heat trestment. It alseo considers a variety
of incidentul properties of silica gel which may affect its suitability.




APPEMDIX I.

Difference in Heat Content of Water Adsorbed in
Silica Gel (at 77°F) and in the Vaper State (at
608°F) .

It is assumed thuat the heat centent of water adsorted in silica gel je the
szme &S5 in the liguid stute. {
H as used here indicates heat centent. E

Liquid Hpp0 - Hypo 135.2 B.T.U./1b,
Veporization &t 212°F Hoio 969.7 B.T.U./1b.
Ges Hggo - Hopz 184.7 B.T.U./1b.

Totel Differemce H.g (gaceous water) ~ H??(adaorbed weter) =

1289.6 bB.T.U./Lb.

heferences: .
Thernodynamics, Lewis wnd Rundell, MceGruow Hill, wew York (19<3).
Handbook of Chemistry wnd Physics, Chemical Rukber Co., Clevelesnd, (1%ii,.



AP LS T1

(Mo cogies of Appendix IT of this
report are availeble at this time,
If end when a copy can be cbhtained

it wiil be tipped in this glace)



APP 111
Heat Content of ixhaust Gases (300°F - 1300°F)

Qutside air at 45°F, 25% reletive humidity

by veolume by weight
assume composition of air 21.00% 23.37% exygen

78.732 76.46% nitrogen

0.27% .17% water

kssume aversge compositicn of gasoline to cenform te formule CHiys
(15.16% hydrogen, 84.86% carbon).

Complete cmbustio;i (to COz znd E20) per pound of gasoline requires 14.9
pounds of air resulting in the fellowing weights of gases, each weight
of ges possessing the noted differences in heat content between 300°F

snd 1300°F.
Gas "~ Weight 1kts. Heat Content (300°F to 1300°F; B.T.U.
H0 1.39 652
0o 3.11 684
N, 11.40 2,830

Total Exhaust gas 15.9 . 4,166 B.T.U,/1b. of gaseline




APPENDIX 1V

Weight of ¥Water Per Pound of bilicz Gel Delivered by Frech Outside
4ir (1" Thick Gel Beds, Demsity of Silicuc Gel 3.2 lbs./sa.ft./in.
This is the smount delivered, but not ¢il is adsorbed.)

Tempersature So°F Tamperature 90°F
Rete of Air Flow 170 cu.ft./sg.ft./min. [Rete of iir Flow 65 cu.ft./sq.ft./zin.
Exposure time (min.) Relative Humidity Expos.time (min, Relotive Humidity
25 45 75 100 25 45 75 100
10 .280 .50 a4 iR 10 107 93 321 408
15 A0 396 326  1.68 i5 .161 .289 481 .&42
20 .560 1.01 1.68 2.24 20 214 386 .6L2 .856
30 BL  Y.51 2,528 3.36 30 321« 578 963 1.28
Temperature 70°F Temperature 70°F
Rate of Air Flow 170 cu.ft./sq.ft./min. Rate of Air Flow 65 cu.ft./sq.ft./min.
Expos.time (min.) Reletive Humidity. Expos.time (min.) Relative Huri’iliy
25 45 75 100 29« &5 7> 199
10 A52 273 455 606 10 058 . 104 174 292
15 .228 .410 .683 .909 15 087 .156 .26l .25
20 .304 .546 .910 1.2a2 20 21 5. 208 .38 Lok
30 456 .819 1.365 1.818 30 L7432 52 E26
Temperatare 45°F Temperature 45°F
Rate of Air Flow 170 cu.ft./sq.ft./min. Rate of Air Flow 65 cu.ft./sq.ft./iin.
Expos.time (min.) Relative Hunidity Expos.time (min.) Relative Humidity
25 45 5 100 25 45 75 109
10 0645 J16 .193 .258 10 025 .0LL 074 .099
15 .0967 AT74 290 . 387 15 037 D87 431 A48
20 .129 232 .386 516 20 049 089 147 197

30 194 <348 579 TS 30 074 .133 .221 .296




- T&BLL 1.

 EFFECT OF GEL S12E
Density Active Silica Gel 3.2 lbs/sq.ft./in.
See Plate 12 for Pressure Lrops.

Rela— Total Water
tive 4ir Flow Tine of Adsorbed,
Tenp. Humid- cu.ft. Expos- Percent, of
OF ity sq.ft. Hesh hctive
min. - L ullle _G_GL

57.5 40 65 L1 14 kT 1
G 5 S s e 30 8.9

: : L5 5 £ PIA

60 16.2

30 12.1

45 1148

G0 ~16.8

15
30
87
15
30
87

H
el 8 B

ot

12-49u - < e T
20

70

13-49a A i 15
; | : : 10
70

2
3
7
2
A
1

'6
0
5
9
9
8
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Teble 1, Sheet 2.

Totel fizter
el o _Rele=. i . ..Tima of kdsorbed,
Ped tive 4ir Flow EXPOS— Percent, of
Thick- Humid- cu.ft. ure, hctive
ness, Temp. ity . ft. uin. Gel
hup No.. Inches °F .__ % min.
13-17b 1 78 24 190 10
20
A
78 24 190 10
20
40

iy S0y ge 8-10 10
30

14 185 6-8 10
30

L ] [ ] L [ ]

~J\un P~ 000 =
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40

ALS 185 8
j 20
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Table 1, Sheet 3.

Rela~ Totul ~ Water
Pad tive Air Flow Time of Adsorbed
Thick- Humid- cu.ft. Expos- Percent of
ness, Temp. ity sq.ft. Mech ure, Active
Inches apne min. Sige  Min. Gel
1 49 VAl 175 -10 10 7.5
20 1L.7
] 30 14.0
49 Al 175 - 6-8 10 6.3
20 10.4
30 12.9

15 ~11.4
30 14.8
98 £e5
15 6.7
30 9.7
28 13.2

67 3 66 15 3.88
30 5.64
67 3 66 2-4, 15 3.93
30 5.59

Remerke on zhove runs: Eoth mech sizes of gel irom szme vell mixed batch.
Subsequent heat trestment identicel.

11-83 168 &-8 10
20

: 30

11-82 168 2-4 10
20

30

[y
o 00 P~ g\um

MR- O

—

10
20
30
g0
10
20
30
80

O o el et CH R

W3k HMm O
L] . L - L . - -
ONCIMS D IWw:

10
20
30
80
10
- 20
30
‘80




Table 1, Eheet 4.

Totel Water
Ped Alr Flow Tire of Adoorted,
Thick- cu.ft. Expoe-~ Percert
ness, Temp. 8q.ft. Vech ure, of fctive
Irches - °F L mig, . Size _ _Kin. Gel vl 4 =
1 7% 2-4 10

20
20

90

10

20

X

355 90

1 54 L2 i 168 2-4 10
Letivoted at 600°F for 3 hrs." i 2005
_ (Never heuted gbove 600°F) " : 30.5
341 65.5

1 54 42 168 L=6 10
fetivoted ot TO00°F for about " 20.5
10 brs. - 30.5
) 341 _ 65.5

=1 54, 43 168 10
Activuted «t 600°F for 3 hrs. 20
(Never hertcd nbove 600°F) 30

120

1l 54, 43 168 10
Fetivated :t 7C0°PF for sbout 20 ..
10 krs. _ | 30 .

: 120

b M b |
AEcwkEbBy BEeeSma
NOWAIMOO BV WOWNI0 W

Remaxyke -on-Rung 1}1-82through i1-53 - e 4 A "
kctiveted ot €Q0°F for 3 hours. Nelther gel hested to tempers—
tures in exces: of €00°%r. Both gcls mude in sume menner, but
seperetely. 3}

Heme rke on Runs 11-91 & 11-89: Eoth gel:s mude ir scme rooner, tut ceporetcly.
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Thick-

ness,

inches

TZBLE 2.

EFFECT OF Z1R VLIDCITY

Density Active Silicc Gel 3.2 1lbs./sqg.ft./in.

See Plate 1< for Preccure Drops.

Rela-
tive
Bunid-
Temp. ity
oF % _'min. Y

Eir Flow
cu.ft.

Sq.fL.

14-7

1147

12-11=

14-1l=

1/-11b

1

e I e

N = =T = T S

46 50 212

e NG e 80

46 | 50 15

Totel
Time of
Xpos—
ure,
din.
15
30

15

feter

Adsorbed

Percent of

Active

Gel
13.8
18.9

- 26.4

1.7
16.7
2h.L

=
"
o
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3
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8 s
1
Q
6
0
0
.
9
9
7
7
0
6
0
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Table 2, Sheet 2.

Pad Rela- Total Water
Thick- tive Mr Flow Adsorbed,
ness, Humid- cu.ft. Expos- Percent of
In- Temp. ity sg.ft. ldesh Active
ches o % _min. cize _ Min, Gel
1 69 69 18l ‘ég 2A..
1 69 69 65 15
- 30
1 57 47 178 15
30
AN 2 i 1 L5
57 47 72 L S
; 30
45
7% 25 178 _ 15
30
74 25 68 Ga 2D
30
71 49 97 15
97 30
246 80
49 38 15
38 30
97 - &0
28 76 15
30
_ 55
28 45 ' 15
' 5t 30
55
33 15
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Tekle 3, Sheet 2.
(1) (2)
9-65 Gl5

65

L]

65

. 8

0.5 8l 65 168 g-2C

" ®

1.0 8l 65 168 8-20

EREBNREE B!

1.5 gl 65 168 g8-2C

J

2‘.

Note: In runs 9-61 to 9-73, incl. (only), the adsorbing capecity of the
gels uced was sbout 80% of that of reguler commerciel gel.




TAELE 4.

DISTRIEUTION OF WATER IN GEL BEDS
Density Active Silics Gel 3.2 1bs./sq.ft./in.
See Plete 12 for Pressure Drops

Rela- - Total
tive Air Flow Time of
Description llunid- cu.ft. Expoe~
of . ity gq.ft. [Lkesh wre,
Run No. Gel Bed 9 . Size Mir.

F & min %
1) @ (4~ (5 (3] (7)

14-7 Front half of 50 150 15
2-inch ped 30
g0

Rear half of 50 150 15
2-inch pad 30
80

Front half of 170 15
<-inch pad 30
98

Reer half of 170 15
2-inch pad 30
98

front half of 15
2-inch ped 30
53

Rear hzlf of 15
2-inch pad 30

53
Front half of )
2-irch pad 30

. : L3 95
Reor half of '
2-inch pad 30

95
14-15a Front half of : . 16
2-inch pad
Recr half of 16
Z-inch pad
Front half of { 15
~2-irch pad :
Rear half of . 15
2-inch pad . _
Front 2/3 of 10
1.5" pad 20

Front 1/3 of 10
1.5" pad 20
Rear 2/3 of 10

.5" pad 20
Recr 1/3 of 10
1.5" pad 20

.

- - L] L] L] L] - - -

N N AN E R R BN RN o
O n MPOUHDDOONOVIONWOYNOY OhOVwWk
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Teble 4, Sheet 2.
(1) (2)

9-65 Front 2/3 of
1.5" pad

Front 1/3 of
1.5" pad

Rear 2/3 of
1.5" pad

Rear 1/3 of
1.5" pad

cB8B8558B568855885

Front 2/2 of 81 65 168

1.5" pad

Front 1/3 of 81 65 168

1,.5" pad

Rear 2/3 of 81 65 168

1.5" pad

Rear 1/3 of 81 65 168 8-20
1.5" pad

L]

- L]

(e N b= b
QSmOSquyumm
PPN VMOHOF®OMDW

Note: In runa 9-61 to 9-73, incl. (onlyj, the cdsorbirg capacity of the gelf
used wes about 80% of that of reguler commercial gel. :
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(10)

Saturated 27 times; activated rapidly 27
times &t &bout 700°F; slight oil stain.
Finsl activetion at €50°F for 2.5 hrs.

Never heuted above 600°F for more than 3
hrs. Water adsorbed determined by loss
in weight et 720°F (20 hrs.). Both gels
prepared in same manner but separately.

Reguler run of commercial gel. Activeted
at 700°F for 137 hrs. Above percenteges
besed on weight gainas. After 50 min., ex-
posure,the loss in weight on drying et
700°F (16 hrs.) was 17.1%.

Regular run of commercial gel. Activated
at 600°F for 3 hrs. Above percenteges
based on weight gains. After 50 min. ex-
posure the loss in weight on drying et
700°F (16 hre.) was 22.6%.

Both gels prepcred in same manner but at
different times.

Activeted at 600°F for 3 hrs.(only hesot
treatment) .

hetiveted et 945°F for 144 hrs.

¥eter adsorbed determined by lose in
weight at 945°F (16 hrs.). Both gele wer
parts of a single well mixed batch which
had never been heated in excess of 600°F,

Activated at 600°F for 3 hrs. (only heat
treatment),

Activated at 945°F for 144 hrs.

Wzter adsorbed determined by loss in
weight at 700°F. (20 hrs). Both gels were
perts of u single well mixed batch which

hed never been heated in excess of 600°F.
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ai=12lc

11-121b

il-121e

(10)

Activated at 975°F for 10 hrs.

Activated at 975°F for 60 hrs.

Prior to above treatments, both gels were
parts of n single well mixed batch which
had never been cctivated at temperatures
in excess of 60O°F.

Activated at 975°F for 10 hrs.

hetivated ot 975°F for €0 hrs. '

Percents adsorbed determined by loss in
weight at 600°F (6 hrs.). Prior to above
treztments, both gels were parts of a
singie well mixed batech which had never
been activated at temperatures in excess
of 600°F, _
hetivated at 575°F for 14 hrs.

Activatel ut 975°F for 10 hrs.

Prior to above treatments, both gels were

parta of a single well mixed batch which
had never been activated at temperatures
in excess of 60O7F.

hetivated at 600°F for 3 hrs. (Only heat
treatment.

hetivated at 575°F for 14 hrs. (Had been
het.ted 600°F for 3 hrs.,then saturated,
and then activated us above.)

Prior %o above treatments, both gels were
perte of o single batch delivered to N.R.L.
in u singlz contciner.

Aetivated ut 575°F for 14 hrs.

Letivated at 975°F for 10 hrs.,

Percents tdsorbed determined by losses in
weignt at 6009F (6 hrs.). Prior to above
heitt treatments, both gels werz purts of
& single well imixed bztch which had never
been activated at temperatures in excess
of 600°F, '




ieble 5, theet 5. .

(1)

21-17217

11-1234

11-123b

11-133

11-147

(2)

0.4

~
i

et

2,

(3)
L0

&7

52

54

47

47

70

70

(4)
50

50

58
58

55

131
181

131

181

173

173

i (G} (7) (8) €)) (10)

6-8 3.2 166 22.6 Activated at 600°F for 3 hrs. (Only heat
treatment)

6-8 7.2 165 21.8 Activated at 575°F for 14 hrs. (Had been
heated to 600°F for 3 hrs.,then saturated,
and then activated as above.)

Prlor to above treatments, both gels were
parts of a single batch delivered to NRL
in n single container.

6-8 2,2 15 13.5 Activated at 575°F for 14 hrs.

' 30 20.2

6~8 3.3 15 8.7 Activated 2zt 975°F for 10 hrs.

30 13.6 Prior to sbove treatments, both gels were
; purts of & single batch which had never
been activated at temperatures in excess

of' 600°F, |

6-8 3.2 15 15.1  Activated at 575°F for 14 hrs.

20 244 :
56 26.9
6-23 2.3 15 9.1  Activated at 975°F for 60 hrs. |
30 16.1 Prior to above treatments, both gels were
50 18.8 perts of & single well mixed batch which
had never been activated at temperatures
in excess of 600°F.
4=6 3.4 15 6.0 | Saturated 27 times; activated rapidly 27
54, 14.2  times at about 700°F; slight oil stain,

. Final activation at 570°F for 5 hrs.

4L-6 3.2 15 6.65 Never hedted above 600°F for more than 3

; : 54 16.5 hrs. Saturated once. Final activation at
570°F for 5 hrs.

Both gels prepared in same manner but sep-
arately.

6-8 3.2 10 5.6 Both gels from same container and origin-

20 7.7  &lly well mixed. Activated at 500-560°F
77 7.6  for 6 hrs.
, 6-8 3.2 10 5.0 hctivated at 680-700°F for 6 hrs.
)
7.0




TLELE 6.

MISCELLANEOUS DATA
Lensity Active Silica Gel 3.2 1bs./sq.ft./in.
See Plate 12 for Pressurz Urops.

Rela- Totel Vater
Ped tive Lir Flowu Tinme of Adsorbed,
Thick- Bwaid- cu.ft. Expos- Percent of
ness, Temp. 1ty sg.ft. siesh are,
. dnches °F g min Size  Min

) Gio GGl @

1 89 51 _ 168 10

: 20

30

40

50

10

20

30

L0

5

15

‘25

35

A

55

65

75

5

10
e s @O

iy 30
40
© 50
60
5
10
20
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5
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70
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Table 6, Sheet 2.

(1) (2)
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I4BLE 7,

- WATER RECOVLRY BY GRANULER SILICE GEL
Vieight and bize (1" thick beds) of Silicu Gel Beds, Heat and Power Required for Recovery
of 1000 pounds of wuter: per hour from atmospheric air.

Air Flow Totul Cize of Povier to Minimum heat

Relutive su, f't. Time of Cycles Welght of &all beds  move outside for wuter re-
Humidity = kesh g3, ft, LXPOB- per biliea in duct, wir thru gel moval at 600°F,
»_ 4. Tyler nin. ure, Min.
(2 3j (4) (531

hour Gel £1. £t. beds in duct B.T.U./hr, it
{6y == (7) — (@) (9 (107

6,410 1002 . 3,299,600
19,100 1580 o 2,874,600
11,620 1815 75, 2,504, 600
13,150 2050 : 2,662,600
16,950 2640 ; 3,061,600

45
45
A5
L5

45

8-20 170 10 |
8-20 170 20 |
8-20 170 30
6-8 170 30 °
6-8 65 S b

g e R VR
W \nan W AR

= = A

79
70
70
70
70
70

=
“hn

8-20 170 20
8-20 170 30
6-8 170 30 -
6-8 65 30
6-8 170 15
8~20 170 30°

3,770 589 24.6 1,880,600
5,200 812 34.0 - 1,832,600
5,920 925 17.6 1,907,600
8,770 1370 1.4 2,206,600
4,000 625 11.9 2,125,600
3,060 478 SCH: 1,609,600

P
n AN

L5

I~ 2~
nh
e Ll el al e

<3
N

60 40 6-8 - 170 30°

_ 6,410 1000 19.0 1,960,600
60 40 6-8 237 30"

5,950 930 485 1,911,600

(-

Note: A_pproxi.mat,elg 4,200,000 B.T.U. are available in the exhaust gases of 1,000 1lbs. gasoline (C7H1s)
between 1300°F and 300°F., Times of exposure und of actlvation are equal.
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1

GRAPHIC SUMMARY
WATER VAPOR ABSORPTION FROM Gt/ Y GRANULAR SILICA GEL
(1" THICK BEDS)GT 25 % RELATIVE HUMIDITY. QIR FLOW 170 CUFT/5Q F T /mun,

WETER QESORBED, PERCENT OF ACTIVE SILICR GEL

7LV Td

DENSITY ACTIVE SILICA GEL 3.2 LBS [5@. FT /. MESH EXPO-
o/| S ZE  SURE
v~ | = a1 30 MIN,
_ " (SIS SUT s |68 30w
"1
&
f""1 " ! 4-6 30 "
o
______..__-—a—-“:""f"j . e _3____,_..-—--—-—__—;; 820 20
| _..--""‘"f 4 Iy
e 0 — e B
—#ﬂ-—‘#w/‘g——q’_‘—l—_—-—d——“f 4-6 z0 "
# < - |1 —4| "] 6~ "
e e | -""""‘____..---"_"""'" ______,...---"""" 6 " " 2-4 20 »
—— e e e = L = e el
P 2 — .-____r_—-——"
,.-—"'"—--_ e e e
:*""‘-ﬂ_‘#——-—_—ﬂ /;;-ﬂ_—# 4 _....---"""P"—_-— 2-4 halH
e ——
| e
-‘-'-‘—1-_______,.__..--""
S W ) PRES5URE DROP
i INCHES WATER
POWER 8-20 TYLEROO4IBHL/5QFT — 185§
- = -8 " 00190 - % - 7
v 4-6 v 00/42 " * - 056
" 24 w 00094 v ® = 035
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