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APPE»Dll: I. 

Difference in lie&t Content of Wb..ter Ad$orbed in 
Silica Oel (at 77°F) and in the Vaper St&te {at 

600oF). 

lt is ussumed tht.t the heat centent of water adsorr,ed in f,ilica gel is tho 
same ;.:s in the liquid E>tute. 
H as used here indicates betit content. 

Liquid H21.20 - H77o 

Vaporization et 212°F 

Totw Difference 

hefE:reuces : 

13 5 • ~ B. T. ll. /1 b. 

969.7 B.'r.l'./lb. 

184. 7 B. l'. U./lb. 

H ( ) - H · · cAAJ gaseous water 771.s.d::.orbed wE-terJ -= 

1289.6 B.T.U./lb. 

Th ern.odynaJ11l ci;; , Lew if- -.nd Rt.ndcll, r.tcGrv.w Hill , l~ev, Yod. ( 1 W2.3 J • 
Ho.ndbool~ of Cbemh·try i:.ml Phy s ics, Chemichl Rubber Co., ;.!1eve!u1d , ll~::.;., . 



l_.~o co ,1 ..1. :..:S vf i;µ; ,endix: II of this 

report a.re E..Vc:.ilc.b::..e ar. this -r,iu,e . 

lf c...nc.; hhe11 a CO),f can l.le obt.ai11ed 

l.t ;.ill i1e e,i.,,ped i n this })lace) 





APP~DIX lV 

Weight of Wat.er Per .Pound of ~ilica Gel Delivered by l<'ret•h Outside 
.Air (1 11 Thick Gel Beds, Density of Sili c ... Gel ,; .2 lbD./sq.ft./in. 
This is tl!~; f,:mount delivered, but not tll is adsor bed.) 

Tei:iperuturs 90°F 
Re.t.e or Air Flow 170 cu. ft./sq.ft./min. 
Exposure t.ime (min.) Relati ve Humidity 

25 45 75 100 
10 .280 .50 .84 1.12 
15 .420 .76 1.26 1.68 
20 . 560 1.01 1 .68 2. 24 
30 .84 1.51 2.52 3.36 

70°F Temperature 
Rs.te of Air flow 
Expos.time (min. ) 

170 cu. ft./sq.£t ./min. 

10 
15 
20 
30 

Tempera t:..u-e 

Rels.tive Humidity~ 
25 

.152 

. 228 

.304 

. 456 

45 75 100 
.273 .455 .606 
.410 .683 .909 
.546 .910 1.212 
.819 1.365 1.818 

45°F 
Rate of Ai r Flow 
Expos.tL~e (min.) 

170 cu.ft./sq.ft./llU.Il. 
Relativ~ H~idity 

10 
15 
20 
30 

25 
4061~5 
.0967 
.129 
.194 

45 75 100 
. 116 .193 .258 
.174 • 290 • 387 
.232 .386 .516 
.31.g .579 .775 

'!'~.~~rat •a,e 90°F 
ftt:..t<.: of ;_ir .FJ.ow 65 cu . .ft . / £q. f t . /:::in. 
Expo<>, tir.:c (min.) Relr:.tivo Hu:1ic.hty 

25 45 75 100 
10 .107 ,193 . 321 ./,28 
15 .161 . 2s9 .481 . 642 
20 .214 .386 . 642 .856 
30 .321 -578 . 963 1.28 

Temperature 70°F 
Rate of Air floil 65 cu.ft./sq.ft./min. 
Expos. time (min.) RelDt.i.ve H:.J,:1.-.:.t./ 

25 45 75 100 
10 .058 .10,, .171~ • 232 
15 .087 .156 .261 . ;!.;; 
20 • 116 • 208 • 3D~ • /.,.6/,.. 
30 .174 .312 .522 .6)6 

Temperat-:.1re 45°F 
Rate of Air Flow 65 cu,ft./sq.ft../uln. 
Expof;. ti:ne (min.) Relnt ·t vH Huni<iib; 

25 45 75 10) 
10 .025 .Oll .074 .099 
15 .037 . 067 .111 .148 
20 .049 .089 .147 .197 
30 .074 .133 .221 .296 























sble 'f:heet 2. 
l (2 3) 4 5) 6 (7---W- (9) (10 • 

ll-/,9b l 76.5 59 352 4-6 · • 3.5 105 · 34;9 Saturated 27' tillle•; activated r"pidly 27 
timsa &t &bout 700°F; slight oil etoin. 
f:lruu &ctiwtion st ~50°F for 2.5 bra. 

l 76.5 . 59 )52 4-6 : ).2 105 )8.) tiever be11ted1 above fLXl0f' for ·u:ore then 3 h!-•. Water &deorbed detennined by lose 
in •eight <t 720°F (20 hrs.). Botb gels 

. 0.5 .. . 56 . ' 8-,o' 
prepared in SBll.e mnnner but separately. 

11-53 40 168 ).) 10 12.3 llegulcr run of C0111ttercial gel. Actiwtod 
20 16.9 at 700°F for 137 hrs. Above parcentsges 

• _1. 
30 20.0 bu;ed .on weight gwo. Arter 50 min. ex-
50 19.3 'poscre, the loss 1n weij;jlt on drying st 

< 700°F (16 bro.) WhS 17.1%. , . 
0.5 58 40 168 8-20 ).2 10 15.6 Regular rlDl or commercial gel. t-ctiveted 

20 18.8 &t 60rl'/f for) hrs. Abo,re parcentsges 
30 20.) ,l!wed on weigj>t gains. After 50 min. ex-
50 19.5 posure the loss in •eigj>t on dcyin& et 

700°F (16 bre.) was 22.6%. ; 
Both gels prepcred in "°"e manner but at 
different times. 

11-59& 0.5 81 44 168 8-20 ).2 60 27.4 Actiwited at 600°F for 3 brs.(only beet 

0.5 81 44 168 8-20 3.6 60 16.4 
treatment)~ 

J.ctivoted et 945°F for 144 bro. 
Weter odeorbed debennined by loss in 
, .. 1g1,t et 945°F (16 bro.). Both gels we, 
parts of a single well mixed b&tcb 'Obicb 
b&d never been her.ted 1n excess of /:JX:PF. 

ll-59b 0.5 75 ' 66 168 8-20 ).2 1)5 45.7 Activated at 60rl'F for 3 hr•. (only heat 
• tr8"tment); 

0.5 75 66 168 8-20 3.6 135 36-4 Activated at 945°F for 144 hrs. 
Water r.dsorbed de ed by loss in 
' weight at 700°r. (20 hrs). Bot.h gele were 
. perts of a ' single well mixed b,,tcb llhicb 
' bhd never been heated in exceos of: 600°F • 

' I-
I .. I 

i ' ' ' 
I I 
' 
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I£B_lo Sheet • -~---~-- .~· -~--=~ 
-(li ·. ? , ' ?: . (> (5) . (or·- (7) (8) - 9i . 1(10 I 
~::..l~i-r. -

' 

' -• 
, 

0.5 , .... ,-. 70 ·, ~ 

ml ,: 7;_; 

· 47 . 
H 

. '< 

21 
I 

!:I! 

Ill 

20~: 6..a 

20~ 6-£ 

--·- 3~ .3 

.: 3,3 . I J,l 
J . 5 
2,8 
J,l 

' . ' Actiw.1.tej 11t 975°;~ for 10 hrs. ____ -: ____ _ 
' ·1 .,. 

Actlv:i.ted ,,t 975°F ror 60 hrs~ 
Prior to above trebbnenta, both gels were 
pal"tn of ~, single well mixed batch which 
bad never been c..ctivated at temperature~ 

,,~o ' 
1 ~,- · , 1n exaes.c of VJ~ F. . _ . I 

· so ·\ 197 ·· 6-a . 3.3 166 17.5 Actlvt.i.teJut975°.Ffor:!Ohrs. 
1
·: 

50 ;'.,· 197.,~. 6-B ·i·;, J.J 166 15,7 , .l.ctl.vated1,t9?~<>; for60hrs. ·, · 
:-· .,_, !,:; ·, ,_.; :-~·., .,. i Per¢onts ndsoroed detttrmlned by loas in --.-
1,.. :;· :~ ~ .: : • -:·: ·:: ' , weight at 600°i· (6 hrs.). Prior to above 
I,_'· ·:·· ·:,~ -~~- . -~ tre~tmer,t:;, b~th gels were parts of 0 -, ..... -~-r: :.:c------:f_-,- -- ,·: -.;>_-:;, _ ·: .. si~1g.!.03 well mp.erl batc."l whlclJ h~d ne'fer .. 

;...i:-_::~."'--- :~· ... .,. i.:.:.:·..,-::.-:. ._.:_,. -, .0_·f _:.;;;':-J-o;;·,\-::,--0.: ...• - been a
0
ct1V!ltett

1
_ at tempe:-atu~eB ~n--~~r.

1
e.u~ .. 1 .. ·•· -

I .. - - . -·- --.--- - . - I -,, .. __ - ,r-•~-- _ .... ,,.,. •.. of· F. , ,- -. ~--Y,,•:To)i, ..::,, . -_ 

• ~ .c tc-1.2lc .·' 0,5 .. 71 : 21 .'~ 202 . 6-8 ·c·_.', ·J,2 60 • 7,9 Activate,\ nt . ~75°F for 14 hru, •. •·i 
!.~_:::,r._- ,.· ---~•- 0.5 ·· ____ 3~ __ -.:_/:· ~~::...·):_:~ 20_~ _.~~-_:__ 6-~ ~-·:,_~_·3.3 ~ !-~-- 3.5 _ A<i~lvate1lfatr,75°Fforl0br;-:1. :.· ) I 
~.'... .. _____ ,· . ___ _:...;,,_., ··--- · · · ~-_:__:, ___ , ·---~---- 1--~-·-- Pr.$.or to abo➔ treottnenttt• both -gels were 
~ E. , - ; '\ -· __ ., 1..:.:. ~- · ,·-- , ." · · · · pert.a of u. ~1.n,ele well mixecl betoh whieh 
:..;;::: ·- • ·- • • "----, ~- ·.:c.; ,- .·.• ·:- --::·--- , " -~ , ~ hEtd never oeen nctlva.te:i nt temperat-u.rea 't.·-: --·· · -"- . ·:- ~:'-~- .-: --· ,._,. ,'"--;J ·· ·:- - : - .- -. 111 ex,.e,,a or l 600°!'. · _.. •·. •·= · -,1,-~..;:--
,;.. 11-l<le · O, 5 .•71 ' ·• ·:·21. ;,•:.·; 20, · '. l-8 •·' ' J., : , ·60 ! 8,2 Actiw,t;d nt 600°~• for J .hr$, (Only heat • 

:·· :, ' - ' .""'. · trf;latment. I· _ 
o.s· ·.· 71- ··: ~1 -~---~- 202 · 6-B . ~3.;z W · 7.9 Actlvt.Lted t£t 575°F for 14 hrs. (Hnd been 

. ..J ,. . ~ hei.te1 600°1'" for J hrs.,then nat:U"nted, 
··, ·_ J.· .-;-. :: and then noti'VfJ.ted us above.) -+----_:.'.::. · ---,~---· ----- ----•~..,_:/--~· >~ · ·' -- _·~ ·~-.,;___~--'---;,.-_._..:.:,-.:\ __ ..cc~~---;,--~-----'-;.:.,-- Prior t.o above , treatmentz, both gels were . 

. i-~ ,!~,-:--~·.,· -·-!2:J~~-;-• .. t~~ ·--:_::~t-·<:,;'·, 1 pr.~tsoft..B~glcbetchdeliveredto~.R.L; 
·'"' : , -- ~:-_ _ · · _,,,·· .. I,,:;,~·-- · ··· -J.·r: '··.-: ·, ' : 1n ·u sing::e cc;mt.-..iner. ·-• 

11-J..ild 0,5 ·:·, 47 .' ' 50 · '_ 197 ·6-8 : J,2 . . 166 22,4 /,ctl·,ated ut 575~f for 14 hrs, 
-4._ .• < o.5 :c:,:::_ 47 ·.·:~: 50 : •-.t' l<i7 _::·: 6..a '.:;,·.' J,J .•.•c 166 -'<·,, i7,5 /cQtlV&ted at ~'{50F for 10 hre, __ __ :.:_ .·:. ·. • ··,<< ~ _:_, -:.:·.':· i\.=::::~ :~ -~ __ . ·. >\·.--_ ··: ·- 1 

'• ·=· '· · -1 · Per:,enta L.dsorbed determined by losses, _in 
, .. _ __ " ·. ;_, . _,-·~- · ... __ . _;_ ,: ._;;:~_:,}:~·- .-,-; .~ :: .. :~. _, : . -~ ,. ·~- . .. ,:- v,eiGnt at 600~F ( 6 hrs.). Prior to a¥vc 
T:··- ~--- ··--' _:'..-=-•-~-_,.,----'~----~~--1,-...... '"~-Xf7· ,.--;,7;"- :.--;-:--;:;;: .. ·.~ • ~"---,-~---=• · ~ ·--- ---- htmt, tJ"eub:lent.:>, both gels wore p:irts of 

[~.\ : ··· ··_. :· /'::;;:::;--:;.:.:.J:kV··x· d+t/1td·· {.:· ;.• f :-" ··· ···· :.:!"~~~1~:~!,t!~°'1 b;!;.:t:;;~,i~":.X~:::" •· 
~~:",~?-:- . .. . ~. _J,:/·:.----~,: --~;t:;;:;:: '·· .... ;:_:~".{;:":~;.'.{?~·. \:~:~;_:--- .. -,--. ~-· -•--•, ;•_- ... •·or 600°.L i I 
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lbblo 51 theel 5 ■ · ,1, · · -r~ ·.- ·oi -- ·(i.J-. -,sr-· ~(or-·~ -r;;r-
::1-l?.lf O. ~ 

') . 5 

ll-12.3t. 1 -: .. 

' .I. 

ll-l.:::3b 1 . 

. l 

11- 133 1 

l 

11-147 · 1 

.1 .' 
... - ... ... 

47 

1.1 

. 52 I 

52 

·51. 

m 

47 

47 

!ii:l 

Ill 

59 19? ': 6-~ 

50 197 6-8 .; 

58 181 ·b-g! 

58 181 6-8 

· 55 _185 6-8 

· ~:: . · 185 -~8 

g 
J7 ·181 4-6 

37· · ·181 l+-6 
. ~ J 

"' ' 
~ '-

- Rim 

21 

, ... : . . ... .. .' 
.- .. 173 . -j 6-8 . . 

• • : .:. ~ ~ ... ,! ... . .. · • 

3.2 

3.2 

3.2 

ml 

.3. 2 

3.'3 

3-~ 

. J.2 

.J.2 

~ 

'j. ·.J 

I • 
15 

. JO 
·15 . 
JO 

lS 
' '.;(J 

56 
15 
30 
56 

15 
54 

15 
54 

10 
.. 20 

77 
10 
20 
77 · 

22.6 

21.8 

13.5 
·20.2 

8.7 
~3.6 

15.l 
24.4 
26.9 
9.1 

16. l 
18.8 

s.6 
7.7 
7,6 
$.0 
7.0 
7.0 

I 
, I 

I.Ill 

9 

-
Activ~ted at 1600°r foT 3 bra. (Only _heat 

tree.tmcnt.) r . I 
Activated o.t, '{'/tf'F tor 14 hrs. (Had been 
~aated to fJJ0°F for 3 brs.,then saturated, 
nnd then netivated as above.) · 1 

Prior to a~ve trent.aent.s, both gels' were 
pl.I'ts of El ;single bateb delivered · to NRl. · 
' ln " elnglo container. I 

Activht.ed at 575~F for 14 hrs.. / , I . 
Actlwted r~t 975°F tor 10 hre. 
Pr.::.or to 11.bove treabllenta, both gels were 
; pt-.rt.s of f.4 sinJle bateb wilich had nevor 

been net.iftted at temperatures 1n 'excess 
01· 600°F. / . ' I 

, Act.ivated at S7S°F for 14 bra. /. 

I 
' . ! 

I , 

, Actlvated at 975°F for 60 hrs. I 
1 Prior to ~bove treatments, · bot.b gels were . 

p<-rts or :a slne:le well mixed batch which .. 
hr.d never;been acUvated o.t temperatures 

1n exces~ or (:J)(i'F. , I 
~t,u-at.ed,I 27 t1P.I~; activated rapidly 27 
times at' about 700°F; sli~t oU1 st:ain~ · 
final aatlwtion c.t 570°F tor 5 bra. 

Never ho«ted above rorPF for lllOl'8· than 3 
hrs. Saturated once. Final activation at 

O 
I I 570 F f?r 5 hrs. · - -··-- ,.. _______ 

0 
_ 

Bot.h gela prepared 1n eaae ll80Der·but sep-; 
ar11 tely1'· / 

Both gu,a traa eue container and origin­
. ally well mixed. Activated at 500-S60°F 

for 6 bra. • · / · · 
ictlwted ot 680-?0dlF tor 6 hrs. 

. : . I 

~,, 









~ 

' 

,. 

-
,-

. , 
T i.il..!,.Jl 7. 

~ATEK RECOVM<Y BX 31WiULt.R SILlCi, JEi, 

! 
I. 

.. 

Vieight · &nd i:>ize (P'· thick beds) of ~illcu. Gel Bedu, He&.t tu1d Power Required for Recovci•y 
of 1000 pounds _of_ wuter~per hour rrom ·atmoapherii:~ ni!'. .i .,-: 

0 I 
J.1 r- Flow ·· Totti.1. ~l:,~a of Power to 

Hel:~ti:ve w.rt. Tlme of Cyclev 'nelu:ht of b.l.1 beds move outside 
·Tmnp. ·Humidity iie~h .s .rt. ixpos-:- .. per bil.lch ln duct, uir lthru gel 

°F ,.. i · ler· min. ure Min. hour Gel ~• f • bedS in duct 
T! :. · 21 3; ,- 4 • · 51 , -To · - - 1 · 8) 9, 

' 
45 
1,5 
1. ~ 

i. -~ 
· 45 •. 

·s <, 
:25 .. 

· 25 
;.:5 

. '>• 
,.·,. 4.) 

- •: -, : ·,. ~- . . . . ,, 
. : . . '• -; ,' ,, , .. '' -
: - 8-20 •. l 70 , .· 10 , 

• 8-,o · .. 110 ··.- ~o -, 
· 8 °0 0 ' -- 170 3 -. I 6---8 . - 170 - ' ·· JO -

6-8 ,,.· . 65 : • 30 ·' 

. .. 
3 

• . ' 6,4,0 
L 5 ~- lJ,100 

.. 1 .. 11 , 620 
l , 13,150 
1 . :- 16,950 

100?. 
1580 
1815 
2050 
~6/40 

• • - , • ; ' I 

-70 .45 · 8-ZO 170 . 20 ' 1.5 J,770 58') 
70 _,. /,5 _:_· : 8-20 .L_. 170 .·:, 30 . l ;. , 5,200 812 
70 --- 4.~-----· ·:- b--8 .--c;--:--:-• 170 ·--\;+·-· JO ·: l , .... · 51:920 9.25 
70 0- 45 ._' 6---8 -_ 65 :,. Jo >. _ l ': 8,770 1370 

,. 70 45 ._ -. _. 6-'8 .; 170 :..-,, _, 15 .;: ::· .. _, 2 __ 4,000 6:!5 
·.70 . 75 .. , 8-«0 ·._··.170 . ,, 30 ·_ , l J,060 _ . 47e 

. 
' 41.8 

66.~ 
70.U 
j9.o 

12. 7 

24.6 
.3, •• o 
17.6 -
11.4 ' 

11. 9 
19;8 

60 
60 

., . ··i° - .!· --·-,i ·.:_ ' .-.. I 
40 6-8 '_.;_"170 :',,;·•• 3o r , 1 :·- 6,410 1000 19 • 

. 40 6-8 .. · .-. - ,.37 , _, _ ._ Jo '( _ i .. I -- 5,950 •no t8-5 
• •• ' • •. - - ' • • I ·- - • • I . 

·---
Minimum boat j -- ,.::· 

for wu ter re- _ __,,,; . 
moval at f:IJ0°F '-Y ---• B_QT!_U.. r • .l_ ):-

(10; , ' 
I ' 

- 3,299,600 · 
. :2,874,600 

~,504,600 -

' 

2,662,600 .:. .. ---- • 
3,061,600 -1.· 
1,s80,600 -. 1, 
1,832,600 . , . . 
1;907,600 :,. --, ,-.-_ -_ ---
2,206,600 .-· .- . •-· ., -

' 2,125,600 .' ·. , "'. ; 
· · 1 60' 9 600 ,. ,. ,, ·'---= . - , , ----:, ... "--,~ 

• .. • ,,:~;;-t,-•->;, "'r 

l . '960 600.. ·. ·:'' .:,,.:. ; , , ' ·, .,.;·, . ' 

. l,911;600 ··:f ·, .• \·:-',; ,_. •,. ·, 

·-~- _ ->-~ Note: A_pprox~atel6 4,20'?,0og B._T.U. are a'Vbilable in_ tbt: exbaubt gr.,.ce~ of ljlOO? ~-bs. g&.soline (C7"15) 
tie~~~en 1,3~---~! ~nd_ )~O .r~. ~~us .- ~~ _exposure lill~ ~t .. ~~~va~i~n c;.r~ equr,L +-- -------.--· -----

.-. '' ., • ·' ,.. . . -~ .. / • -~ • I I . :-··'.•. ·:-..::"·;~_; ·'.". . - ... :r ~.- ,. .. . --·. ,. •-· ~., .. ··I, 
.. ,- . ··- .. ::: .:. .. -· , • .•. I ·1 

~ _ _,_ .. :_.~ , ' •• • : •. ~C- ~ • l. -'•·· . .. I I 
, , ; , ; ~ , · • r 'I 

~ I • ·'· · - • "-• I . 
: , .. ,~_"_- .~ ... -- .. ~~.-:..:·-~_._ i :.:·;·_:-· I )·_ • . ' . , . . 1 

L--,1,.;. __ -~ - ··-·- ,.· .• • .,. --- I : 
•l• ' .,, . . . 

·J.,_, · ~,:- -: '·:; ;t:{};~ · -.-, ·,.:t :_. tJ ~ -. :.: :, --~ -: i I · 

' --
-'-"- '. 

--
. -

--
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GRIIPH / (. 5 1/MMl'IR Y 

WltTER VRP0Hfl8 5 0 R PT/ON FROMf1:1 YGRfl!Vt.ll flR S IL/Cl/ GEL 
(I THICK 8EOS) fiT 2 5 % Rt:l~TIVE H UMIOITY. 11/RFLOW l70Ct/. FT./5Q.F7:/MIIV. 

Ol.NJ/7Y/ICT/VE SIL/Cl'/Gf'L 3.ZL85. / sa.Fr /1N. · , ME5H f:XPO-
12~ }1-1r1x,f vM 111.s¼j I I 

1 
I 

I 
l 
' I I 

I r -1--,-,-~,-~,-~,~j-~/-f~~~~~ 
l /1-- l--- -1--1-- ~ - ·i-- - 1- - ----+-

I r - 8-ZO 

~ +-- 1 ' ' - · 1-- 8 - ~-a 

I i _ 6 

1-- l--··- -i-- ~ ·- .. -=---' I --- - 4-G ' -,~-· -~ 1··-- - -- ·- 4 - - 8-20 

-- +-· - -1 8 - 6-B i---r-- I I - 2 · 4 - ~ 8·20 
z 8 - 4 - 6 

-l 

t5 10 

~ ..... 
-J 9 

\.{) 

l(J 
:::,. 8 ... _ 
t--.. 
<_, 
t 

- I I I I I -- - -' I - - -- 4 ,._ 

~ 6 - I - - I I I 6 

l ..... 
\J 
h. 

!-

~

G-8 

2-4 
4-~ \J - I I -- -

~ s - I ! I / I 2! 
L--- I I 

- I _ J 14 

~ 

\ 
4 

__.j Z-4 

i :~_:_,¾ 14H=tT I I I I I I 
l:t: 

--r .2 
........-

__J_--t-

~ 
i z . - - ~ - f---+------t 
~~ 

PRESSURE PRO. 
IIYCHES WIITEI? 

,~ 
'.:h 

~ 
J\. 

PO WEi( 6-20 TYLE1?00418HP./S(lFT. - 1.55 / 1---+--- _ ,...._ _ _ _ ,_ _____ _ 
6- 8 ,, 0.0I90 .. - 0. 7/ 
4-~ " 0.0/42" ,. - 0.55 

0 
z- 4- " 0. 0()94 .. ,, - o. 35 

4 .S 60 .55 6 0 65 70 7S 80 85 !JO 

TEMPERfl TURE- OE6R££5 I: 

30MIN. 

30 " 

30 " 
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