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EFFECTS OF NAS C .!IT HYDROGEN ON IRON AND STEEL 

AT ORDINARY TEMPERATURES 

PART I - PRELIMINARY REPORT. 

Among the first experiments to determine the effects 

of hydrogen on the physical properties of iron and steel were 

those of Coulson in his efforts to determine some method of 

pickling steel,intended for use in spring construction,with

out the attending brittleness usually found in the product. 

He used for the pickling solution a b�th of 27� H2so4 at6o0c.

He found that specimens of spring steel pickled 40 seconds 

chemically or as cathode, when teated for endurance, broke 

during the preliminary tests, while the untreated specimens 

and those treated as anode showed a life of about 10,000,000 

vibrations before breaking. 

In bending tests, pieces which had been pickled 

chemically and as cathode electrolytically, showed fatigue 

and cracks much sooner than untreated t�st pieces or those 

which had. been tr<-ated ::,.s anode. Spring steel wire untreat

ed or treated as anode broke at �J,000 lbs/si and reduced 

only51� 1n area. Drill rod and cold rolled steel specimens 

showed differences in breakin5 stress and percentages of 

reduot1on1n area, but not so mark�d as 1n spring steel wire 

□entioned above, which broke at 247,000 lbs/si and with a

reduction of only3% in area after treatment chemically or as 

cathode in the solution. The properties of high carbon sted. 

were seen to underGo tho 5reatest nodif1cat1on. 

The same writer states that test specimeno, made 

brittle by pickling either as cathode or chemically, were 





(?) 

restored to the orisinal condition by annealing. This res

toration was effected to a considerable degree by repickling 

the pieces as anode. The writer concludes that it ia proba

ble that prolonged repickling electrolytically would restore 

completely the physical properties of the metal. 

T.S.Fuller, in the laboratories of the General Elec

tric Company, found that immersion in a t% solution of H2S04

5ave a greater penetration of hydrogen than when the test 

pieces were treated electrolytically as cathode in the same 

solution. He also found that coating the specimens with tin 

increased the rate of penetration of the hydrogen while 

coating with copper produced the opposite effect. Dipping 

the specic�ns in molten copper was found vory effective in 

preventing the absorption of hydrogen. 

Earle A.Harding and Donald P.Smith !!lade a series of 

tests to determine the effect of occluded hydrogen on various 

raetals. Wililo moat of their experi1::1enta were ma.do with pal

ladium, otill the results of a few tests on iron and steel

led them to believe that the 83.!.le results would hold for theee 

metals which were found to be truo for palladiun. The 

main thin3s d tennined �e�e the electrical resistance and 

physical expansion of the spe�imons und�r treatment. The 

resistance of tho pieces was noticed to decrease with the 

absorption of tho first increments of the hydroGen, sup

po2edly due to the addition of current carrying free hydro

gen. However, as the process went on, the resistance was 

noticed to increase gradually, due perhaps to the combi

nation of the hydrogen with tho metals to form various 





non-conducting alloys. At the sane time the linear dimensions 

of the test pieces wore noticed to increase; tho rate being 

greater, proport1onally,for the last increments of hydrogen 

absorbed. This fact indicated that the exp�nsion of the 

metal �,as due to the pressure of the occluded hydro5en, 

Fullor duscribea in the G,E,Reviow another set of 

experiments with a specially devised apparatus for d�tennl

ning the effect of variation of temperature, electric cur

rent, electrolyte and prev1ouo treatment of the specimens 

a.nd ourface coating of the tast pieces on the specimens by 

nascent hydror,en. His reoults, briefly summed up, are as 

follows: 

An increase of the current caused an increase of tho 

rate of penetratlon of hydrogen, not in proportion, however, 

to the increase of current. 

Heat incroased the rate of penetr�tion, the so.oe 

amount ot bas penetrating at 90°, Bo0 and 20° in 3,5, 4,75 

and 43 hours respectively. 

A 1;; solution of sulphuric acid proved a better 

electrolyte than K�se
4

, KOH or tap water. Horrovor, steau, 

by its action on iron, produced a greater pcnotr3tion of the 

hydrogen th..�n was caused by electrolytic treatment in the 

acid solution. 

Ch:irpy 2.nd Bonnerot found iron impemeable to gas-
o 

eoua (P �) at t,e,!lporaturea as high as ..525 c. St.ill the iron 

became increasingly penneable from that temperoture on. 

Pressures as hie;h as 26 atmospheres had no effect in forcing 

permeability. The s�e inveat15at�rs observed that iron 
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acts as a kind of membrane penneable to nascent hydrogen. 

This was observed by allowing hydrogen to be liberated 

from the attack of the acid on the iron membran6; also 

when the apecinen mis made the cathodo in an ao1d solution 

Osmosis occurred only when hydrogen ms liberated directly 

on the membrane. By .!leans of a very interesting piece of 

apparatua it was found thn.t pressures as high as 14 atmos

pheres were produced in a closed chamber, due to the osmotic 

pressure ex�rted by the hydrogen. 

Andrew d�cided, from exp�riraents on iron with caus

tic soda, that hydrogen, upon being occluded by iron, im

mediately 0ave rise to large crystals and consequent brittle

ness. He attributes the crystallization to a molecular 

disturbwce caused by the occlud�d hydrogen. 

Stromeyer observed the effect of cold caustic soda 

on mild steel. He found plates and tubes to crack and 

rivet heads to fly off. However, this brittleness and 

corrosion occurred onlywhen the specimens were in tension, 

No effe�t �s observed when the metal was unstressed or 

in compression. 

Quito a number of invest10ations have been conduc

ted from time to time to determine the effects of hydrooen 

at ordinary te,.1poratures on iron and steel. Then there 

ros been a vast amount of research in tie aaoe line at 

higher temperatures. Sine� the present study in confined 

to the effects at ordinary room temperatures, only a few 

of the representative results that have appeared from 
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research in this particular branch of the subject have 

been mentioned briefly. 

An article by John Coulson, a,pearing in the 

Physical Review of July 192�, should be given a little 

fuller treatment h�re. The subject of his research was 

" The Effect of Nascent Hydrogen on Hard Steel Magnets." 

The following quotation froo the article mentioned above 

describes the apthor's a.pparatus and roethods used in his 

research, 

"The .1easuremento were made by placing on the 
op!)Osite side of a magnetometer a standard bar mag
net in Gauss's A position, held, and protected 
completely from rapid tomporature changes, ,r.1.thln a 
wooden o3rriage sliding on a horizontal scale. This 
compensating magnet, having been fixed with its 
center at a convenient distance,d , f:r-om the center 
of th� magnetometer needle, broug�t the needle b3ck 
into the m0ridian when the center of the ma271et 
und�r observation was at tho fixed distance, d, Let 
M

0 
be the magnetic moment of the standard magnet 

and �Lo its magnet1e lenr;jh, and let u1 and u1' be
the moments of the maonet under observat�on, before 
and after treatment respectively, and let 2L be its 
masnetic lenDth. The needle ,v111 be coflected thru 
the ansle" so that 

::. 

.c M, d .z M,�d zd(M,- M,') 
H ta,,, c< 

(d�- I')'-
.::: 

{ d L_ 12;}� (d�-c'),. 

M, -H,, r. � .. r- t,ur 0( d,, -1,, JI Ian at = 
-::. 

t 4/.f iX
,, 

,) 

/VI, Z l"/4 d0 

where H is the horizontal component of the earth's 
field, and �,, is the angle throuch �hlch ll

0 
would 

deflect thu needle if ,! were absent. 
"Tho method of pro6edure was then as follows: 
"The standard mn.gnet Vf.lS placed with its center 

at a known d1Jtance from the m3onetometer, and its 

) 
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"carria__;e clampod f1mly in po3i tion. The t1::Jnet to 
be tested was placed on the opposite side of the 
OC(;lleto□eter and adjusted in such �osition �s to 
brint:; the nee,Jle b:.ck into the .::iertdi:.:m. Its holder 
was th.,n clamped and the distance of the center of 
the m0.[71,:;;t from the na.gnetooeter w3.s recorded. After 
subjecting thu maGJlet to treatoent, it �s 1.3a1n 
placed in 1 ts holder and t:ie deflection of the mag
netometer needle observed ':'1i.th the oa,cnut at roou 
t�mperature. The diaensiono �nd magnetic co.::ient of the 
at:mdard m1.'3l'let geing known, the □a-Fetlc oooent of the 
test m�311et and fractional loss of moment could easily 
be cal-etila.ted. 11 
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El<'li'.l::CTS O ' .:!CENT HYDROC·EN O l IRON AN D ST.sEL AT 
ORDINARY TWPERATURES 

PART II - CANDIDATE'S Itl'raSTIGATIONS 

� fill ill1r.nets 

The article froo which the quotqtion was taken 

sug--;ested the v10rlt undertaken by the writer and used as 

the eubject of this thesis. The invest11:5ations were 

carried on with !!l3.tor1als at ordinary room teoper:1.turee. 

The solution used was 25% sulphuric acid, and the current 

w.s oaintainG� �t two ao�eres durin..; tr�.t�ent.

The first ffl:>rk done w1.s an attempt to check the 

results of Coulson's experiments on 1aBJ1ets. Thu appar:1.tus 

used was not designed to 1:51ve actual readings of the moment 

of ths magnets tested, nor to cive data from which the 

oooent could bo calculated, but rather the relative moment 

before and after periods of tr�at.:aent. 

The ocgnotometer e.nd carriaue for the ma:;n t und r 

test �ero arranged as d�scribod in the COuluon exp�riments. 

However, in place of the movable standard ip.agnet, the b:,l

anc1ng effect ....:is produced by a fixed coil through which 

a current from tlL st:or3oe b::i.ttdry could be pas dd. Thu 

�1tude of thJ current was regulated by oeana of slide 

wira rheostats. Any chrulge in the magn tic moment of the 

test 0'.1.GOvts 1'138 re:1d1ly d tected by tho chang 1n the 

current necsso�r) to rostore the needle of th9 agnetooe

ter to the neutral position. Throut,hout a ser·ies of tests 

on a s 1eci.aon, the carria,ee hold1n0 tlLa test piece as well 

as the b2.lancinc; coll re ained fir.tly ol "1.nped to the 

sup,robtin3 bar. 
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Ha,:;n.ets vrore prepared from tool steel by first h.ard

en1nb the steel by quench1n0 1n cold rrater froo red heat. 

Then the spec1nans were m:i.onetized 1n the field of the 

labor .... tory electo ,a;net. 

Table I I 0ivea the rvoulto of teats on a aeries of 

ma.91etc pNpared in this 1•,ay. The prelL1in2 ry ageing 17as 

accomplished by repeatedly heating the specioens to the 

te�perature of boiling water and cooling. The �ac;n�ta 

were plac;d in tost tubos and then iilll!l.ersed in thti boilin5 

water. Still some moistur,J 1:5ot into tllc tuues in nc-.rjy 

every instance. The fo.ct that a portion of the loot moment 

of the �a�n�ts appeared to be re0ained when th� specimens 

wor� treat�d as anodes, suggesto tho possibility of a sl10ht 

occlu ;ion of hydro_;en fro,l contac� w1 th riater vapor during 

the heatin0 proceos. 

A ne';)' series of ..1,.,,gn� ts 17ere C13.do the cathode in the 

acid solution. The mo:1vnt is seen fro.a the table to drop 

an amount sufficient to balance a current in �ho coil 

r:m3in� from 1 to 8 m�lliamperes for the various specio?ns. 

\ .. hen oa0ni}t ,.'5 was treated as anode for 30 olnutes its 

oriuinil nooent was restor0d. 

On first consider.3.tion, due to the sraallness of the 

chan0e in ooment due to tlL hydrO()E:n treatl!lent, 1t was 

thou3-llt to be thi3 result of so_e defect in tht: app,.-iratus 

or else some error 1n tlle manipulation. However, on 

closer study of the resulto, they seeo to be com o.t1ble 

with .1h'l.t might be exp<3Ctud. 
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The :l.!)p�r.1tus usod in tr ating tho specim.�ns w1 th 

hydro�,n cono1�ted of a lead lined 5lasa Jar of acid 

placed on an adjustable cl�mp stand, to which a second 

clamp was attach d above the Jar a..�d held an electrode. 

Thlo electrou .. whon ln approximate cont!lct with the oagnet 

st.1nd1ng upr1Bht in the middlo of thu J�r, could be screwed 

down f1mly a�3.1nst the end of the specimen, at the aaoe 

time hold1ns the :J:l.G)1et 1n poei tion and aloo furnishing 

a good electrical contact. The lead l1n!ng furnished the 

second electrode. The r:u:ostats for regul.3.tin__., the current 

were .'laced 1n the vert1c:>.1 osi tion 1n orv.l�r to el1c.1n:lte 

the �ossibil1jy of a dinturh1n5 electrical field in the 

vi c1ni ty of tho m:igneto.n ter. The photo.3ra;ih below ohomJ 

very clearly the arrandement of ap!)aratus. 

( 

I 
j 
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� f2£ Moduli of Rig.ldity and ... <a,,st1c1ty 

The n..,xt exp.,ri..1 ·nts und rtak�n ,.,ere for th,, urpose 

of deter.ninit1(5 tL.o effects of llydro0en treat!!lent on the 

moduluo of riGidi ty of several opoc1rnens of hatld piano 

wlr>e. Th" first te sto t.ore oade on 18" spocioens cut frol!l 

a roll of h'.".rd pin.no ':lire of about c.03" din.meter. Thie 

p!'l.rt1cul1.r len5th r11.s ch&sen in ord r to have the pieces 

of pr.,p1..r 2 ... r.3th for uso in th. wire testing machine 

loc .... ted in the r:ns1neer1ng lnbor.'.l.tory. .31nc" the test 

p1..,ces could not be i:,a.s1ly str:i.1ghten..,d lt was necessary 

to coil theo mor. closely and hold thol.!l in a stre sed 

condition durinB treatment. In ne�rly every instance the 

spuciwon either cracked or br�ku co�pletely. An x�inn

tion of the s.,eci :iens sho,,ed a very ::l:-Lrkod bri ttleneos 

after trvat��nt while thu untreated wire C.)Uld be kinked 

without breaki G• 

Speci□cns ·tlre then talrnn froo a stock of specially 

prepared pin.no m.re of . 04:J" dlal!leter. The .1eces wero 

cut 1n 18" len�ths and were p.,rfectly strai5ht, thun 

•□a:d.116 excellent stock for test purposeo. A deop Jar w .s

�rc_,.".ruc. .ri. th lead linin._; as ,-,a3 the first. The depth of

tl.ia jar allo ... ,ed the pieces to be troated u1 thout bending.

Aft r treatoent 1 t '\'T. s noticed thn'., t.ho speci • ns could b..l

bent into kinks n.luoat .s roo.a.11y ns before ;.,reat;:i .nt.

It was thoue;ht th�t this diffcronco in brittleness o:: 1,ue

two .inds of �ire �;as possibly due to a difference in

com :,os1tion of the t'70 cet,als. So s:1ec1'1ens fro□ other wire

weru chosen for further in'l sti• tion.
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Ln.tor the report of Stro:.1eyer was found, in which 

he attributes brittleness in iron cont3.in1ng occluded 

hydrogen to the stressed condition of the iron during 

treatc.1ent. Then the second kind of pi �o wire which showed 

no brittleness resulting froc the first tre�bent, was 

held in a co1lod condition while hydro5en was applied. It 

also broke during tre·ttment. The brittl.,neos of the spec

i!'.:lens treated this w .. y provDd the theory of :3tromoyer very 

conclusively. 

A t:1:.rd st:ecinen froo t/8"' stock of soft j ron wire 

vias chosen and treated in the n.tural unstressed condition. 

it r.3o found -fter treatnont th.,.t one revbr3Al of� right 

an_;l d bend w:\S sufficient to froctur- tho pi"'ce, while 

bofore treati..lunt four reversals ,,ere uniformly roquired 

to break th1. l'Tlre. This sho-s th3.t in oo::ie cases at least 

a sli<.5ht brittlen ss is produced even in iron treated in 

an unotresset\ condi t1on. However, the effc:ct lo not 

nearly so 0reat :is thn.t 1)roduced 1n specimens treated under 

tenoion. 

The specially pr pared pl no �1re ,entioned above, of 

o. 045" ditl..leter was tt:lS ted by the tor.Jion pendulu.."1 I!lctbod

for ch n3e in ri_:;idity ooduluo du"' to n scent hJdroGen. 

Table IT s . .o'7S tile rssultu of this aeries of experiments. 

Tho r.iodulus of r1g1d1 tJ 1 '3 013en to be 1:1.1.terially dccreaoed 

in iron thorou3hly por:lleated uy t:1v hydro_;t;n. •�uobern of 

specL.1tms, both untreatt:<l and treated werd .:.1us.)t::nded 

froo � clamp and supported o.s a. bot n se1n.ll br�sse cylinder' 

This bob when oet in vibr,tion w::.s t\::Jvd in o=i.ch case 
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for 100 co::iplete oscill,\tions. By 1c nu of a 1/4 second 

atop watch, readings o a re::iarl:-blo o.ccuracy .,,ero obtain

eu as is seen by the rupoatcd checks in the rec:1.dinss. 

The same specimens wero uoed in the wir� testin.; 

oachine for ad t�roin�tion of the elaotic 11::iits. However, 

the uacl1ino '"/3.S too heavy for '11ro of ouch small cross 

section and the r.:ading& obtained •1erc of 11 ti:.lc or no 

value on th:it account. T;.b!.e III and Plat'J II 3hOil the 

data and curves raadv from the results of this experiment. 

The cu:-ves c110·1 :, toncla.ncy o!)posi te to t . ..-'\ t \"Ti ich would 

n:i.turally be expected f"l�om thu tusts on br1 tt.1.c.nc,sa. 

The □oat oo.tisfactory r sults of all -ere those 

obt"inod in tl c t.,sta for c:1nnsJ of ::iodulus of elasticity 

due to hydro3en. ,,o t:1pucir1e::.1.s frou a .,/B" ro<l of cold 

roll�d steel -el' pre pa rod with t!lreadu , t, the enus for 

use ln the Llodulus of Elssticity ta.chine in the Engineer

ins laboratory. one of the s. :Jci::icno was treated as 

ca.tllod in the acid r,r t-:ro hou1'3. Tho lead container 

served as anode in thls test as a speci�l arr:m6oment 

!lad to be used 1n thls test. The second avec1acn "'3.s l ... ft 

untreatnd. ?.fo:>.aur�iJents sh '1"13d no decret.�3 ... n di metvr 

due to the acid b.1.th for tw hours. 

The rasulto. of the test on th,;; two .1 cue aro sbo,m 

in 'Jl·\ble I.V. The curves and co�fficients of Younes' s 

modulus deri vod fro:!!. the data appe".r o. Pl�t'-' III. A 

c.5la.nce at t11e curv0s ahow a.t once the ch:'.nge th ,t · .s 

r.)OUl tod fro.::1 tho acid and l,ydrof5s.:n t,re.i.tuwnt. It 
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appearo th.t t10 mol�cul�r structure of the stoel has 

undor�one oooe change sufficient to llatorially codify 

the ol.1stic propertios of the octal. 

Trsts .f.Q!: Elon,,; .tion � to 11y<lrogen 

Dur1n0 tne expt;rl�-nt� on J�gnets an atuaJpt was 

oaa.e to dt:ltcnn1ne whether the hydrogen troatoont produced 

any change in the l1nec.r d1::iens1ons of tht; "' -o."lt:t9. The 

diviclin3 cn.,1.10 -co uood in this attcapt.. :i'he :!l .rks on 

tl.t; f.l!)cci::ieno could not be :;iaint:-.lnecl sharply en:;ut5}1 

defined �o u1rc rvSU.t o: any v.lu�. 

Durln.::; the tests on th� piano wire th., ri.ttempt wo.a 

a.:;a1n 01de to d terniinc,; '7.'1ether tho 711 re l,.m5thcned any 

due to th� occlud.d hydrobcn. This ti:Jo .1 aifforent 

nethocl v-/0.� tried. Two 11l1din5 clamr.,s were fdltted on a 

st�el rod. The cla�ps �ore spaced Jullt f�. �noug.� ap.1rt 

to �d.li t tl.t. untreatud S.iJvCi.11::n of wire. Tl.en nftor t 

treatw�nt t .• � f.lp�ci.Jen :,as ac,aln tntE:d in t�1� cl .mps to 

d term1ne ::.ny chan3e in the l£n3th �hich �iuht '!1�v� occurr

ed durin0 treat::lent. rto cha113e tr.".s noticed in the several 

spcci�(,ns tried 1n tui::1 -:3.y. 

� of Thonno-2lectric Effects 

Experim�nt3 were un� rtaken to deter::i1ne what c . .iange 

trea.t :i. •nt 'Hi th hydr.)gen nde on th(; th.,rmo_electric prop

erties of iron and steel. The ap arotus fl.rst used was 

a thomos bottle containing crushed ice to r.cep the cold 

Junction at zero. while the hot Junction was oa.1ntained 

at eteao heat by means of a. hypoometer. T'l'IO oet,.ls used 

wore copper a.nd stoel. The couple was first 1f1 th the 
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steel untrtiated. 1.fter w:1lch tho hydro1.5;;'ln trea.tnont '\"1'3.S 

applied and the ex:;,cr1n.!nt repeated. This oethod failed 

to produce results of v.,luo and -r;ns d1sc:>.rded for the 

hot-cold pl:::.t method, in tt11ch chan3e of hooogeneity 

of the :..:itcrial of a t'!irv :::ay be detedted between very 

closely �dj�cent points. 

For :i. hot pl�te the bottoo of a hy_'oo:1otur w::.s used. 

'l?his pl"te ms l:cpt hot b;;• runn1n.3 11v steao t,h11ou(5h it 

from :i second hy,)soueter. Through tho vosoel _,erv1ns ,s 

cold p:." ta a cc:1st".nt ;;trn::i.::i. of t::i.!' r.:\tcr �s SC1;,,d. 

Th� two �l�tes -.ere sep..mted only �bout one fourth of an 

inch. The 91:i.tes -ore covered rlth ohelJ.acked p.�per for 

electrical inaul�t!.on fro::i t:1e test wires. 

TllO m.reo of the 02.'.!lC materH.l an t.ha:t under test 

were attached cli?'ectly to t�1e tcr:i1n:,ls of a scn.s1 tive 

salrno eter. These '7erc used as explorinc .. 1r._:3, the 

free endsbe1n,.:; in cont."ct v.rith th .;ire unu.er tent zt 

points about t'IT:> centi-;.eters a. art. ne cor:tact _:.o1nt 

�fl in cont1.ct '\"/'i th the hot p :i.te and the othe:r w1 th the 

cold. The test -1rc �o t'1en oovcd tro cent,ir:iutera at 

a timo over the pl-.te:::i , the ex:-,lorln5 wires · .ei:1-5 ker,t 

stationary. At v�Ch new 3ctti11B th� cteflcction Jf the 

galv"no.:.ietcr .s re:;.d n.nl used ns an lndic:\tion of the 

E •.. • of the cou..:l� for.nod. by the oxr.lorins 11res and 

that _)3.rtlculnr portion of tho tcot �r1rc betn,Jon the::i. 

Th9 tests ..-er� re�c�ted u.�der �� nearly 1dentic l con

di tlona as could be produced, in oracr to test Pi accu

r cy or the method. :::;uch -:71.doly r ryins r<!nul to �ere 
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obtainod that an effort was made to increase tho accuracy 

by solderin3 copper le ,ds to the ""x:r;lorin{S wires. These 

leads could then be cl:i.apcd moro firmly to tile 3�lvanoae

ter termin-:.ls. 

�he teats 718re t1en repeated on a ne� s,ocioen. As 

before, tht; ro�d1nss were not found to ch�ck th� corres

,!,X)nding rvadin�s 1ntwo trials. Still thv specimen was 

treated by hydro0en to n distance of nbout six centimeters 

from on1:1 enu and tho tests mer..: repeated t"lico more. 

A_::;ain readill6S which rC3(.'0bled ver:i clos�ly t iose t'1ken 

in tho teoto on the untreated spccioen rure .:i:1d"'• no 

change occurr-d to indic::.tu a difference due to the 

r1ydro0en troa t:I �n t. 

Table V gives the record d reacUn£,s obtainc:d in these 

tests. Pl::.te I'l nho-s :. di-:.
_,
r'\!:l of the electrical circuit. 

� for Ch:m1;c ill Cryot�.11 in& s t.ructuro 

T.,e l .st seri.:s of tt;sto wore .:aac.e to ..ltitvr.aino a.ny 

ch�ngo in tho tvxture o� apociut;ns of colc rolled strip 

stevl after treatoent w1 th nascunt hydrogen. 

A .:t1crosco9e of :i.s hie5h mac;nifying po-er :i.s �s 

feasible to uoo m,.s tried in these tests. A hi{511er 

!)Owor objective lens r.cs tried but s�fficicnt li0ht could 

not be supplied to the material under observat�on when 

it �;as in such close _roxioity to tho obj�ctive lens. 

The first apcciracn �s polished ca.rE:fu ... ly and 

treated as cathode in the acid oolut1on for about o.n hour. 

It vr.\8 then reuovcd arll _oliahed n oecond ti� . A second 
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_.iece fr.)o the sao strip was also polished and the two 

etchod by □eans of nitric ncit. It tr-\a noticed that the 

dvbree of etchin3 c.�d� a difference in th app �arance of 

the �etal und r the microscope. Still no difference in t 

the crystalline structure of the two pieces could be 

detected. 

The oxperin nt was repeated on two new opuciaens 

froa anpther atrip of ste"'l. The treated piece thin time 

was h�ld in tension durin5 treatment. Still no visible 

differunce in texture -.,as noticed. 

d3Grlets, brolrnn after treatm1:nt, uhen coopared 

"'11th broken sections of untreated .1a"n"to Ot,emed to show· 

unuer olight oagn1f1cat1on a difference 1n nppcaronc� for 

the !X)rt1ona penetrated anu. that not t.mtered by- the 

hydrobon, However, the differenct: W'.lS not 1larke enouo1 

to c,1ock the sta.ter:ients of Coulson ro ,a.rding h.la tests 

on th& sa::ie thing. He: ..1 ya a uiffu:" nt a.,. e:a.roncc results 

because of n chancs� of the crystal ati�cturs due to the 

hydro0en. TPe br �k occu�rin� �lon� th� crystal faces 

allows thu li3ht to be reflected from theue faces and 

consequently a. bri.;hter ... p�nr:mce of this portion of the 

r.ietal showo th� dopth of penetrc1.tion of the hydro5on. 

Photo�r�ps of brocen sections seem to provd his �heory. 

Finis 
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TABL-r.: II 

RESULTS 1F ,dODULUS OF RI(}IDITY TESTS- TORSION PENDULIDJ UETHOD

lodulus of R1g1di ty .:: n .:: l..nlI/t2r4 

I.:: .no ,.mt of in..:irtia of bob 
l.:: lvngth n.nd r� radius of the test �ire
t .:: p�r1od of the pendulum 

P<.!riod of Period of 
Specioen Trials Tre'ltment PendulUl'.il 

cinutes seconds 

Av of j � I• 5) 

2 ;; � I• 5'.? 

3 ) 6 1 • ::,·1, 

4 j 6 1, '.)4 

::> 3 10 1 ,54 

6 j 15 t • :,4 

7 3 '?O t .:,� 

8 ) )0 I• 5-2 

UntreatedByec11ens 

) 0 t ,54 

10 .J 0 I• 55 

11 ) 0 1.60 

Spccim�n , 1 � Tre3. "'Eld and Untr·e:i. ted 

0 I ,!.,.j!;) 
0 I• 555 

3 0 I. 5)25
JC 1,545

jC, t .54::?5

j 30 I ,54'.:5

Time of lvO 

Vibr1.tions 

1::,3 )61 xto6

I::,': 365 II 

l .J,., 36::, " 

154 3::,6 n 

154 ,;56 " 

ty� .:>66 
II 

15:? 565 II 

1�2 )65 II 

154 ,;56 

t::,5 351 II 

160 jjO 
II 

15) •::>
1.:)J,5 }61 II 

1:;.3,25 
154,.) 
1::,4. 25 3:,6 
154,25 





DATE 

NAME 
Straley 

PARTNERS' NAME 

EXPERIMENT NO 
TITLE Eff. (H) on Iron & Siilel 

Tensile St�ength of Piano Wire 

Diameter of Wire 0.045" Area of section p.oot6 ai 

Specimen 1r (Treated 30 • .u.) 

w f e a 

Load Stress Exten. Unit Exten. 
Pounds W/A inches in/in 

50 312"0 0.000 0.0000 
100 62440 O,v07 o.cco87 
150 !:15660 0.016 u.0020 
200 124()80 o.o!?4 0,0030 
250 156100 0.032 0,0040 
300 187320 o.oi2 0.00502 
}50 218600 0,054 0.0068 
400 249760 0 .• 064 0.0080 
450 281500 0.080 0.0100 
500 313000 o. 116 0,0145 
550 broke 

Specim�n 1/3 (Treated 2 minu tea) 
5P 31220 0,000 0.0000 

100 62440 0.066 o.poo7
150 )3660 0.014 0.0010 
200 124880 0.026 O. 00>'">
250 156100 0,036 0,0045 
300 lb7320 0.046 o.oo9T 
350 218600 0.058 O,C072 
400 249760 0.01c 0.0087 
450 201500 O.O>l2 0,0115 
500 broke 
5:>0 
600 

TABLE III 

t)o NOT' 

APPROVED BY 

Specimen tr2 (Untreated) 

'7 f e a 

50 31:220 o.oco 0.0000
100 62440 0,024 0,0030 
150 93660 0.030 0,0037 
200 114880 o.o4o o.u050
250 156100 c.052 0,0065
_;oo 1893::?0 0.068 0.0085 
350 218600 0.076 0.0095 
400 249760 o.o�o o. 0112
450 281500 o. 108 0,0135
500 313000 o. 132 0.0165
5�0 broke 

Specimen "4(Treated 15 mL) 
0.000 0,0000 
0.008 0.0010 
0.016 0.0020 
0.028 0.0035 
o.Oj6 o·.0045
0,048 0.0060 
0,054 0.0067 
0.066 0.0082 
o.p96 0,0097 

P"'•090 OQOl12 

0, 142 0,0137 
o. broke

FOLD THIS SHEET 





CATE 

NAME Straley __ _ 
PARTNERS NAME 

EXPERIMENT NO TITLEEffects of (H) on Ste .. l 

Test For Change In llodulus of Elasticity Due To Occluded (H) 

Diameter of Specimens 0,37:," 
Area II II O, 1105 Si 

APPROVED BY 

1� I ,/2 
Untreated Rod (H) Treated 2 hrs

l'ldit,ilt Lo .. d Stress Exten- Extens Strain Ext/to· �Ext Strain 

lbs l.bs lbs/si s1ons/lo" ins/to�in/in I 7 ins/10� in/in Y/ 

5 100 �05 10 OD no 10 - '?4 0

10 2CO 1c1c 11 ::?O 250 11. 2 ,,- 50 250 

15 300 2715 I .,,5 50 625 12,5 co 6�5 

20 400 3620 14 bO 1000 14,0 110 1oe,o 

25 500 4520 1::>.) 106 1}'25 15.5 140 1324 

30 600 5430 16. '.:> uo 1625 17,0 170 lb25 

35 700 6335 I 160 2000 18.5 204 2000 

40 800 7240 1..,. 5 uo 2375 "0,2 230 ,,37'4 

45 900 [.\145 1 220 2750 21.5 260 2750 

?0 1000 �050 ,,,, • ;J 246 3075 '23. C, ,;.10 j075 

55 1100 ):.'55 '23, 6 ::?76 3450 '24,5 )16 -'450 

60 1200 10860 "5, I 301 3751 25,6 )44 3751 

65 130C t 1765 .6,5 330 4162 �7.'2 390 4162 

70 ·140C' 12670 _o,O .360 45-..0 2�.5 404 4500 

75 1500 13560 29, 5 J.::/0 4875 30,2 430 4875 

80 1600 14480 3t.O 4'>0 5250 3 1, 5 5'?50 

t..>5 1700 

TABLE IV 

be> NOT\ FOLD THIS SHEE'f 





RESULTS THERMO COUPLE TESTS ON HARD PIAKO TTIRE 

Untreated �ire t.t 

Portion of wire E. 1.F. Indicated by Def.of Gal. .::ins
from treated end 1st trial 2nl trial 

tat 2 centi::ieters , • 5 2.5 

2nd "

1. 5 '•5 

jrd " 

�.5 3.0 

4th II 3.5 1.5 

5th II 

2.5 2.5 

Wire 1, "" (Untreated) 

tat 2 centi�et1:,rs 1 .o 1.0 

2nd "
o.o -1.0 

;rd " 

.;, • 5 1.5

4th It 
1. 5 �.o

Wire I 2 (Treateu 6 centi:!lotersJ 

1st 2 centimetero .J•O 0.5 

2nd II 
.5 1. �

3rd 
II 

5.5 1. 0

4th II "'•5 f. 5

Jth 
It 1. 5 1 .5 

TABL.:. ., V 
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