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have been due to properties inherent in the pipets which were of the same 
gmernl type of metal but of different shape and cross section. The closer 
a~ent in the case of the mixture may be due to the fact that tIle pub­
lished values were the average results of a number of independent runs 
extending o,'cr a period of nearly two years. 
~ second group o( error sources contains the more subtle iactors 

such as (0) stress-strain rela tionship and volume change, (b) "iscous and 
plastic flow and permanent set in steels. (c) temperature and volume 
change relationships, (cf) chemical action of tIre gases all the pipet ma­
terial, (eJ solubility of lbe gases in lbe pipet material and (J) diffusion 
of the gases tIU"ough lhe walls of the pipet. In view of lbe fact that 
this is but one of a series of invcsti!{ations in this field, careful presenta­
tiODOf the complications resulting from the aoove disturbing factors seems 
justified. 

~) Lm·c.'s formula. which ba..,. ber:n u~ to calculate c.bange in volume with change 
in pttSSUn: •• 'as derh'ecJ for cylinders., long in comparisoo to diameter. It neglects end 
dTcxts. The cylinders used in this investigation h3\'C heavy waUs which are subjected 
to stR:sses and strains 01 unknown tn3gnil ude due to the tt.nsion and compression eJJccts 
of the: plug a.t one end. as ft·r.1J as to iotcr tul st.reSSltS and S(r:llns due to the rolling of the 
metal and forging of the stttJs. HOW'I!ve.r. :u the calculat«t maximum change in '\'Olume 
with: change. in pre-o;:sure. is 0.13% e"-en at I{)C)() atmosphue5. the uncertaUlty introduced 
at tanperatures to 300· should not cx~ed 0.05'.(, in the tiaaJ compressibility factors. 
Up to 3(X). the coefficient of elasticity of chrome vanadium sud rem:lins constant to 
witbia 15%. 1J Betw-~n 300 and 400· the modulus fall~ rapidly. possibly as much as 
40~. At 400· therdor-e a small additiona l error- may be introduced. 

(b) The ph~omena of plastic:: and \'iscous fio" and str.Jjn hardening assume im . 
poctaD:e only at the biKhest temperat~ (-tOO-) used in this investigation. Alloys of 
tbe type used in the pipets have not been studied in relation to thesc phenomena. How" 
e~1O F~nch I' has found the d ongation of 0.24)0 carbon sttd at 430· to be 2.5% ovu R 

pe,?oo o~ ~ hours under a constant load of 2'>.000 lb. per c;quo..re: inch. while 13% Cr 
stam reslstmg sttel showed but a few tentlls or a per cenL elongation under simila r 
cooditioos. It appear'S that no appreciable e,rn>r can be introduced by neglecting the 
smaJl d:langes C3~d by tb .!sc factors during the few minutes in which the stn:u in tht! 
pipet reachc:s 15,1XO-20,OOO lb. per square inch. This conclusion is substantiated by 
the n:sults of cal ibration of the pipet befo~ and after usc at high pressure Bnd temper­
ature No difference in size of the pipet bas bee.n observed. 

. (c) The accuracy of the tt!mpuature cnpacity CXlTTeCtion for the pipet depend~ 
entia:ly upon the aC"CUr.lcy of the equation in ex-pressing the relation of te.mpuatun: and 
capacity at temperatures to 400·. The ttmperature C'O'r'n:CtiOD at 400- is 1.65%. 
~ of 6% in the ~tion would be required to introduce an error of 0.1 % in 

(d? Enors introduced through apparent change in Clp:acity of the pipet through 
fonuabou and sub~quent decom posi tion of nitrides and bydrides in the walls of tht! 
pipet: arc app:uently negligible. "-1tile: the literature contains many n!fenn~ to 
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nitride formation when iron and pure nitrogen are brougbt together at temperatures 
above 6(XJ0.u Noyes and Smith u have shown that at 400° tbe dissociation pruqJn! of 
iron nitride (formed by action of NU, on iron) is greate.r than 20,000 atll1()<;;phe~ ... 
The nitrides of chromium and vanadium, if ronned at all, at 400·. would be s ta ble 
compounds without appreciable effect I)n the capacity of the pipet. BdtU, and \"ocr· 
man" give the dissociation pressure of chromium nitride as about 100 mm. at ~)()" . 
Slade and Higson" report tbe dissociation pressure of \'anadiu m nitnne: to be " not 
greater than 02 mm." at 1203 -. There seem to be no stable hydrides of iron or the 
alloy;ng mttats. It is wt:1I known. bowe\-er, that hydrogen forms hydrocarbon'i with 
tht! caroon in the steel at 475 11

, and this rc:lCtion may occur at lower tem pera tures. It 
i~ probable that the hydrogen within tile pipet at high temperatures contaIns traces or 
hydrocarlJons. The time of contact is ~hort. and tIle effect ou tbe compnssibility 
measure.mt:nts is bcHeved to be: negligible. 

(e) ([) 1'he phenomena of gas solubility in metals and the ratc of d iffusion aT(: ~o 
dOlSC!Jy allied in their "tactical elTeet. .. t hat t hey will be conc:ic1ered toge lhrr, Xitroflt'rn 
is generally pre!W!nt in steel. Data a \-ailable, all at pressures below ~IO atm(Kpht,r('C:, 
indicate thAt uitrogen is "absorbed" by iron at elevated tempera tures, IJ The am"lllltt 
absorbed is T(:porled to be from O.oo.a r:c, 1l founr! In a reduced iro n Sprlnge aftl!r cight~n 
hours' treatment at atmospheric pressur e: and -l50~, to 0.3% found by :\ ndrcws" in 
massive iron cooled from the molten condition after long treatmt.·n t with nl1rob-tn at 2f\') 

atmospheres' pTCSSUJ"C. Tht! gas ab!iOrbcd at ·150° seems to have been entUl: ly rrclaimed 
by the use of a vacuum pump Bnd was probably "ad~r~" on the \'err b. TJ~e e~~ 
surface. a sudace roughly calculated to be 2,5 X 101 sq. em. to:.. gram of iron. .\t the 
higher temperatures the presence of nitrogen may be expla ined by solid ~Iuhon, chern· 
ical combination \\;th the oJloying metals or tbe prc~n~ of hydrogen from so rne de· 
compoc:able compound of hydrogen and subsequen t catalytic fonna tion of ammonia. 
Doubtless there art: adsorption effec:u on the walls of the pipet. 1'he uposcd area , 
howe'\''C.r. is of such magnitude (about 30 em.!) that even should the adsorption be pro­
portional to pressure at 1000 atmospheres. the a moun t of gas invoh'ed would be: less 
than 0 ,005 ce . (5. T. P.) at 450-. At the lower temreratltf"M the amount WQuid be 
larger but should introduce no appreciable error even at 0°. Ryder" could detect no 
diffusion of nitrogen through steel at temperatures below 500°. Even at 1200- the 
diffusion rate is very slow. No appreciable error in the nsults of the p~5Cnt in\'e!'tip­
t ion should thererore arise from solubility Bnd diffusion phenomena in the case of 

nitrogen. 
Fac:L"I concerning the solubility and rate of diITu,;ion of hydrogen throu &h iron and 

steel arc: !JOmewhat better established. It is well known that hydrogen relea'ICd at an 
iron cathode of an electrolytic cell Quickly penetr:ltes to a consideroblt- depth in the 
cltdrode. even at room temperature .:O Diffusion 91 this nature is apparcntl)' due to the 
prl:5ellC'e of atomic hydrogen. Similar diffusion effects due to thernul.! dj~iatioQ or 
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