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inoliolayer of :~dsorlied molecules is always fouiid 
suficient to gi1.e the high energy solid surface tlie 
s .me wettability properties with respect to all 
liquids as the Ion7 energy solid having the same 
surface constitutioii. 

Applicntions of the results of this investigation 
are too numerous for presentation here. Tlie 
mechanisms reported here account completely 
for the noii-spreading properties obseryed in 
various mineral, animal and vegetable oils as well 
as in the synthetic liquids reported by many 
workers including WoogIz8 Bulkley and 
Barker, et C L Z . , ~ ~  and Bielalc and Mardles.31 Clock 
oils, which have been troublesome and expensive 
for producers and users of watches and clocks as 
well as of timers, fuses, and other instruments, 
can now he synthesized and/or controlled ade- 
quately. In the production and use of paint's, var- 
nishes, plasticizers, cements ant1 printiiig inks, 
hitherto unesplainable c h i g e s  i n  adhesivetiess, 
spreatlability, or permeability can he understood 
:~tid call be avoided by eliminuting compounds ca- 
pable of coiiirerting the solid surfaces involved 

(28) P. Woog. Compt. rend., 81, 772 (10251, and "Contribution a 

(29) R. Bulkley and J. Snyder, J .  Am.  Chem. Soc., 55, 194 (10331. 
(30) G.  E. Barker, U. S. Patent 2.355,Glli (August 15, 1944); 

also G .  E. Barl<er, G. E. Alter, C. E. McKniglit, J. R. RIcICleven and 
D. R I .  Hood, A.S.T.AI. Bull. h'o. 138, 25 (March  1846). 
(31) E. B. Bielnk and E. W. J. Mardles, J. Colloid Sci., 9, 233 

(1054). 

'etude du graissage onctuosite," Deiagraue, Paris, France, 1926. 

into oiies having uiidesirably low adhesion or poor 
wettability. -41~0, it should now be established 
once and for all that high lubricity in a liquid 
need not be associated with ability to spread atid 
wet surfaces completely, for poor boundary lnbri- 
cants like polymethylsiloxanes spread over all 
metals and good boundary lubricants like tri-o- 
cresyl phosphate do not spread on such surfaces. 
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Xclsorptioii-desorptioii isotherms uf argoii, tii- 
trogen, carbon monoxide and carbon dioxide have 
been determined on iron powder produced from 
iron carbonyl. The work was iuidertakeii primarily 
to examine tJlie effect of pretreatment of a relat,ively 
pure iron surface 011 the sorpt,ion hyst8eresis prop- 
erties of the abo1.e gases. 

Experimental 
Apparatus and Procedure.-The :I pjx~ratu-  i t n d  proccc lurct 

used to tletr,rniine the isot Iicriiis were cotiipiirnl>lr to t'llose 
tlesct~iiied 115' Enimrtt,.l 

Materials.-The iron po\\der knon.n 3,s "HP" gr;ide, \Y:W 
obtnincd From the Qeiiernl Aniline n,nd Film Corp. Thfs  
method of prel)arntiou of tlie iron was briefly ns follo\vn; 
iron was converted t,o Fe(CO)% at n temperature of ca.  175 
and n pressure of cn. 1000 11.s.i. The Fe(C0)j wiis decom- 
posed to iron powder a t  ca. 250" and atm. pressure. The 
iron powder was then reduced in  HS at ca. 500". Tlie pow- 
der consisted of sphericnl particles having nn nvernge tlinme- 
ter on a rveight Ixmis of 10 g. The iinpririty coiiletlt or 

t lw  sanll,lt~ \l'ilS I l W  t1l:Ln the foll(J\\.illg: 0.002% x2, 0.30u:, 
02,  0.04"; C, 0 . 0 3 4  Rultitle, 0.000,5%) As, 0.04% insoluld~b 
iii H2804, and 0.03% water soluble sulxtnnces. An irotl 
conkl i t  of at least 00.6% by weightm JV:E guaranteed.2 

The gases used ivcw ot)t,nined from the Rhtheson Coni- 
pitiiy. Argon, nitrogen mid carbon dioxide had minimum 
purities of 99.8yc. The carlion monoxide lind i i  known 
purity of 9i.lTc, thr  impurities consisting of 2.lc;', Nz, nnd 
0.8yp H,. Pi,ior t o  Pliterihg the sorption nplinra~~us,  thc 
g :ws  iverr dried by pass:ige over anhydrous iii:ignesiurn per- 
chlolxtr . 

Results and Discussion 
111 oiie particular series of runs (slio\vii i l l  Fig. 1 

up to a re1atii.e pressure of only 0.5 to espaiid the 
plots), iron was first reduced a t  400" (statitlard re- 
duction temperature used throughout,) i n  floiviiig 
hydrogen (200 w. /min . )  for 24 houi-s aiicl tJheti 
outgassed for 24 atltlit8iorial Iiours. The suhsequeiit 
sorpt>ioii of argoii (rut1 1) a t  - 105" up  tu  a r.elat:ivc 
pressure of 0.88 rt~snltetl i u  a typicd Type I1 iso- 
t,lierni mid showed iio 1iyst8eresis. Fui*thcr SUC- 
cessi\.e t reatmmetit,s coiisist8iiig of out8gassing t.lie iruii 
a t  room t,emperature for 12 hours ( i u n  2 ) ,  retlucing 
iii hydrogen for 1 110ur and outgassing for 12 hours 
a t  -100" (run 3) ,  aiitl outgassing a t  room t,empera- 

( 2 )  ..\ iiioi'i' dptniled desrrilitioti of t l i e  imn can lie ohtnined froni tlie 
tiinniifiirtiiwr. T l i p  snitir I)t,odiirt,  iktiown ns C.P. iron pnnder, is 
n i n t , k p t e d  I ) \ .  , I .  T. B : ~ k e v  C'IIPIII. PO. 
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ture for 12 hours ( run  4) had a iiegligible effect on 
the three subsequelit, sorption isot'l!ei,ms of argoii. 

Similar pretreatmeiit of t,he iroii prior to nitro- 
gen sorpt'ioii i'uiis at) - 103" also resulted in Type 
I1 isotherms (rutis 5 and G ) ,  niiiiiiiig slightljr higher 
than those of aigoii h i t  agaiii sho~viiig 110 liyst'ere- 
sis nor pretreatmelit effect,. 

The ircin \vas nest i,etlriced iii Iijdrogeii for 2 
hours, out,gasse,l at 100" for 8 hours, aiicl then at 
room teinperature for 14 hours :)rioi, t80 cart~oii 
inolioside sorptioii a t  - 193". The atlsorpt,ioii iso- 
t h e m  (rtin 7 )  ran esseiit'ially par,allel to that  of 
aigon titit was 0.070 cc./g. higher. ET-en t)hough 
t'liis difference may lie due complet'ely to  chemisorp- 
t,ioii of c:irl)oii motloside oil the i i w i  p o \ \ d e ~ . , ~  it, 
amounts to oiily of a complete moiiolaj~er, 
agreeing qualitat,iT.ely \\.it,li t'he fititlings of Potl- 
giirski and Emmet,t,4 \vho repoif tJh:it8 on  a pure iron 
sui-face the rhemisorpt ioii of cmhoii inolioside 
amounts to otily a fiact'iuii of n mol?olnyei-. The tle- 
soiptioii isotherin (riiii 7 )  also exsentiallj. Iiaiaal- 
leletl tmt \vas 0.29 cc.,'g. higher t l i n i i  that of argoii. 
The i w i  was nest orit,gassecl for 12 houix atJ -78". 
In the suhsequeiit soqit'ioti of car1x)ii monoxide (ruii 
s), the isotherm agniii paidleled t,llat of argoii hitJ 
the adsorpt,ioli ant1 clesorpt'ioii \mliiines )\.ere still 
0.035 ant1 0.10 cc./'g. higher. This is thought t,o 
be iiidicati~.e of tlie i ,emo\d of a fraction of cliemi- 
sorbed carboii moiioside wheii the i w i  \\.as outgassed 
under the n1m.e cotitlit ioiis. 

The sample \\'as nest, 1-erlucerl i n  liytlrogeii for 5 
hours, outgassed at, 400" for vj atltlitional hours, ant1 
theii out,g:metl a t  room teinperat'tiiae for 10 hours. 
Free space tleterminatiotis using helium agreed 
well with 1,he origiiial \ d u e ,  iiitlicatiiig the atiselice 
of carliicles of iron aiid free carl)on as possibly 
formed atJ elevated t8emperatui*es from the p1'er.i- 
ously c1ie;nisorbed carlion motiosicle. The sub- 
sequeiit sorption isotherm ( -  78 ' )  of cnrtmii dios- 
itle (run 0) fell sigiiificautJly below the argon cur1.e 
hut showed only slight hysteresis. -After the Rani- 
ple \\'as outgassed o\.eriiiglit, atj room t,emperat tire, 
run  10 not only foiintl a slightly higher atlsorpt,ioii 
\.ohme h i t  also n coiisicleralily larger hyst,eresis 
than the preceding run. Nest, the sample was 
reduced i n  hydrogen for 12 Iioiirs ntitl cooled tlo\vn 
t o  -78" \\-it11 the hydrogen flo\\* cotitinuing. The 
sulisequeiill carlion dioxide atlsoiyt ion (run 11) is 
seen to paidle1 closely i v t i  9 atj lo\\. pressures hiit,  
to cont'inue to incre:ise i n  tli\wgeiic.e (greater acl- 
sorpt'ioti) lvitli ilicrewitig pressure. ?'he tlesorii- 
tion ciinve failed t,o close the isotherm, falliiig close 
to  that of the pi-ece:litig run. 

The sample was iiest out,gassed for ti Iioiirs at, 
i'imii temperature and theii exposed to n st'reani of 
osggeii for 16 hoiii~s. The sriliseclueiit sorptioti 
run (12) stio\\,ed no marke:l effect' of osygeii pre- 
t,rent,inentl o\.er the t tiree pre\.ioris rnrt)on dioxide 
isot~heims, \\.i t i l  t81ie rfesoqit~iori nrii'\.e ngeeirig par- 
tricularl.v \\.ell \ v i t h  those of the two pre\ious runs. 
It' shoulcl lie note:l t81iat, t'lle B.E.7'. :$rea for t>he 
four carlioii dioside riiiis was 0.7:; * 0.02 m.*/g. 
(using a molecular area of 17.0 A.?) compared to  

(3) P. H. Eiiiiiiett and S. Brunnuer, J. A m .  Cliem. Soc.,  69, 310 
(1937). 

(4) H. H. Podgurski and 1'. H. Etiiinett, THIS . J O U R K A L ,  57, lA!l 
( I  953). 
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Fig. l.-Soiptjiou isot,hernis of gases on iron pu\vtlei, (closed 
syinlmls nre tlesorptioii). 

0.80 ni.?/g. fo: argiiii n~lsoipt io~i  (using a, molecular 
area of 14.2 XI.?). Therefore, the comhined physi- 
cal adsorpt,ioii niitl possible cheniisoqit~ioti 1.01- 
limes of carlioii dioxide stJill protliicetl ;t B.E.T. area 
less than tjlie physic.nl adsorptioti \~o lume  of a,rgoit. 
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Assuming the gas molecriles to be hard e M i c  
sphereu, int'eract,itig \\,ith an at.tr:ictive field, Ruth- 
eihicl  ohtninecl ~ ' ( J I ,  (.lie c*oeffirieiit of viscosit,y of n 
gas, tlie relstioii 


