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LETTER OF TRANSMITTAL

Dr. Eugkne Haanix,
Director Min'ks Branch,

dupartmknt of ^' ves,

Ottawa, v anada.

Sir—
I beg to submit, herewith, a rcp<irt on "CDbalt Alloys witl. Non-

Corrosive ProiHTtiis," This is the fourth completed part of the series

of investigations on cobalt and cobalt alloys for tliL purpose of increasing

their economic importance, which has been the subject of the special

researches conducted under my direction at Queens Unix-irsity, Kingston,

Oncario, for the Mines Branch of the Department of Mines, Ottawa.

I have the honour 'o be. Sir,

Your obedient servant,

{Signed) Herbert T. K ^us.

Boston, Mass., April 22, 1916.
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PART IV

COBALT ALLOYS WITH NON-CORROSIVE
PROPERTIES

INTRODICTORY

This investigation is part IV of the scries of researches which have

been conductetl at Oueens University, Kingston, ()ntari(j, for tiie Mines

Branch, of the Department of Mines, Ottawa, with a view to finding

increased commercial uses for cobalt and its alloys. The investigations

have been undertaken under the following subdivisions:^

I. Pr[:i>ar.\tion of MiiTAi.t.ic Cocai.t by Rkduction of thf.

OXiDK.

II. Tin; PiivsicAi, Propkrtifs of thf Mi.tai. Cobalt.

III. Elixtro-Pi.ating with COBAI/r.

IV. Cobalt Alloys with Non-Corrosivi. Proi'i:rtu:s.

V. Magnftic Propfrtiks of Cobxlt anu of F"e2Co.

CORROSION IX GENERAL

Of the three principal theories of rorrosion: {\) the carbonic acid

theory; (2) the hydrogen peroxide theory ; and (3j the electrolytic theory,

the latter seems to fit all the facts most completely.

W. H. Walker' gives the essential facts of the electr'<l> tic explanation

of corrosion as follows:—

Every metal when |)laced in water, or under such conditions that a film of water may
condense upon it. tends lo dissoKe in the water, or, in other words, to pass from its atomic

or metallic condition into its ionic condition. This escaping tendency of the metals varies

from that shown by sodium or fx)tassium, which is so jjreat as to cause instant and rapid

decomposition of the metal and water, to gold or plitinum where such tendency to dissolve

is zero. Between these twoextrcmes wo find the other common metals, including thereunder

the element hydrogen, which may be considered as metal. At he ..torn of nietai passes into

the water, it assumes a positive charge of electricity, leaving the met.illic mass from which

it separated charged negatively; this property or escaping tendency of the metal is termed

its solution ;>;essure. It is obvious, however, that this action can continue for only a short

time; owir .1 the fact that tlu mass pf metal and solution are of opposite polarity, the

electrolvtic >cr,sion becomes so great that no more atoms can escape to the ionic state, and

the solvent act'on ceases. This condition was first described by Helmholtz, and called by

him an electrolytic double l;iyer. If now there be in the water ions of another metal which

has a smaller solution pressure than the one under consideration, the action as above

described will be reversed and the ion with the less solution pressure will pass back to the

metallic state, plating out on the first metal and giving up its charge of electricity. At

this point the first metal will be charged positively, .lud the solution in the immediate vicin-

ity negatively, and there will tend to be set up a second electrolytic double layer opiX)site

in polarity to the iirst. The result is, a current of electricity flows from the metal to the

solution at the |)oiut where the metal passes into solution, through the solution to the metal

at the point where the ions of the second metal are plating out, and back through the first

metal to the starting point again. i'iie electn.lyiic double layers ale thus dt»lloycd, an

electric current passes, and the solvent action of the water on the first metal continues.

' Journal of the Iron and Steel Institute, I'iW, Vol. I, p. 70.



This pht-nomonon ,in.l ils rolalic.n to tlic corrosion of iron are clearly excmnlihcd in the

well known Daniel or ^ravitv .ell. In the eas,- of pure iron in water a |*rfeetly analoKous

.onliti^m i« f....n.l to exi.t. Water itself is ,liss«.iate.l to a ..nail but |Hrfeetly -letin.te

exunt into its ions, hvlro^en HI) an.l hy.lroxvl (Oil). When a str.p of pure 'fon .o,ne»

int.. .ontaet with wat Jr, it sen.ls into the wat.r iron al..n.s in the forni of i^sitive y . harRe

ons IlMlroKen as a ni.tal has a nva. h smaller soluuon pressure than iron, an.l he.iee .m

"inivalent niinilur of hv<lr..Ren ions plate o..t ..n the ir.m strip (Irav.nK the free hydroxy

i„„ with their nenative charges to tulame the iron ions with their |x,sitive .harKes). an.l

1 electric current tl.ms fr..m th.- in.n l.y means of the iron K.ns t., the solutum. ami by means

.,f the hy.lroKei.s fn.m the solution l.a, k to the iron aKain, thus .onip etinK he .ircuit

1 u h. c\onn.s an in„H.rtant br.ak in the anal.iKV ot the film of cop,*r in he Daniel ce

DeP'-ile.l ."PIH-r is a r.kmI ...n.lu.t..r of th.^ current, an.l offers no resistan.e to its How from

he -..lution . the ir<,n on which it is attache.l. The tever* is true of the .le|K.sited hy-

'irLu here we h.ive a h\v.h insulator- .1 film ot Kas which offers .• Rreat resist.ince to

the tl.nv of the current. Hen.e, .ilthouRh in the case- of the in.n strip in w.iter all the con-

.litions f„r continu.Mis soluti..n are present, owinR 10 the resistance offered by the .lepositc.l

hy.ln.Keu film icidleil iK-larizationl the action must cease.
.,.,:„„ ,i„

lilst as in the case of iron in a cop|K-r sulphate solution, the rapi.lity of the action de-

pended u,wn the m.ml«r of ...piK-r ions present in the soli't"'". >*" ''«" 'he solution of the

,7on, in the first instance, <le|H.n,ls uiH.n the number of the hy.lroRen '""'^P" "«•"'•. ..[""

number of hydrogen ions, or the c.ncontration of these ions is increased by the ad.lition

CfTnyaci.l. Soteakanaci.lascarlK^nic iticreases the niitiilKT but to a relatively small

amount; while a strong aci.l, like hy.lr.Khloric or sul,.huric, ad.ls to the number to such

an extent that the solvent action bexomes violent, ami the deposited hydroRen comes ofT

"' "
Sim-e'lhfpn'sen.e of the ,K,larizing film of hy.lr.gcn arrests the further solution of the

iron.' it is obvious that in or.ler for the reac ion to proceed this hydrogen must 1h- removed^

The destructi..n of the hvdrogen film in ordinary <orr..sion is aciom|) ished by the oxygen

of the atmosphere, whi. his .liss..lve,l in the water, 'he action here takitig place is a simple

union of the hvdrogen on the in.n an.l the oxygen <liss<,lved from the air, with the re-for-

mation of water. It follows from this that any substance w-hich dissolves or reacts with

hydrogen should accelerate corrosion. This is found to lie in fact the case.

The tri'iid ot" sriuiitific atid engineerinj,' opinion at present is, to accept

this electrolvtic explanation of corrosion. The truth concerninR corrosion

is, no doubt'. Much more complex than the above statement of electrolysis.

As a theory il has been disappointing to engineers, for it has failed to pre-

dict many disquieting corrosion phenomena, or to suggest means of remedy.

Nevertheless, for the present, it is the best working hypothesis that we

have. c .

Accepting the electrolytic theory, it follows in the case of iron-

other conditions being alike—that the approach to absolute freedom

from impurities should add to its resistance to corrosion. It does not

follow, however, that of the metals technically pnxluced, those showing,

under analvsis, the least amount of impurities, are the most non-corrosivc,

for other conditions are bv no means always alike. Kven in a pure metal,

stresses or strains produced by uneven cooling of a casting, or by rolling,

whether hot or cold, provide unequal solution tension at various points

in the metal, particularlv on the surface, and would thus promtite corrosion.

Also in the preparation of metals of high chenical purity, the resistance

to corrosion may be decreased by gas occlusion, or in other ways, in part

due to this very attempt to attain a high degree of purity.

Stresses and strains are, usuallv, partially or entirely overcome by

thoroughly annealing metals to be used for sheet roofing materials, or for

other purposes where corrosion is of great importance. The ettect ot the

occlusion of hydrogen in steel has been shown by a number of investigators

to be very important and, under certain conditions, the volume of this

gas occluded will reach nearly 50^;; of that of the metal itself.

The rate of hydrogen removal on depolarization depentls upon solu-

tion pressures, ovcrvoltage, catalytic properties, and upon relative poten-

tial differences of various parts of the surface—a complcxtty much greater

than can be explaineil in the above simple manner.



It In conimon knowledge that twn nittals when alloyed often have

greater resislanre to corrosion than either component metal alone. The

principle applies to any number of com|K)nents. This may l)e due to the

formation of some compounil or compounds of the two metals, or uiuler

certain special conditions it might he due to the comliination of one alloy-

ing metal with tlu- impurities of tlie other metal, in such a manner as to

cause the solution tension of the resulting comjxiunds to Ik; about alike.

The effect of alloying a second metal with iron or steel may als<) effect

the corrosion of the original iron or steel by increasing or decreasing the

amount of occluded hvdrogen.

Another important elfect of the introduction of the second metal may

be to form an oxide wlii'ii corrosion commences which is of such an

adherent nature as to form a firm coating, inhibiting further corrosion or pre-

venting an excess of oxygen.

P-.'RPOSK OF THK I.NVKSTIC'.ATION

Since it is impossible to be certain, a priori, what etTect the addition

of any metal will have on the properties of another, and as it has beeti

shown that certain metals in small quantities imjirove the resistance of

iron to atmospheric corrosion, these investigations were undertaken for the

purpose of determining the effect of the addition of small (|uantifc's of

cobalt on the atmo^phl•ric corrosion of iron and mild steel. We have

particularlv in mind the addition of small (iuanlitie> of cobalt t<i the very

pure iron prepared by the open-hearth method tor sheet roofing material.

The comparative effects of small amounts of cobalt, nickel and copper

were studied.

Our intenst was stimulated by the (Kisitive nature of ce'-'ain very

early preliminary experiments, described in the next paragraph.

PRELIMINARY EXPERIMKNTS

Very early in the autumn of 1912, in the course of these investigations

on cobal't and its al'.ovs, a preliminary set of alloys was prepared by adding

small ixrcentages of' both cobalt and nickel to very pure iron. These

allovs were exposed for several months on the roof of Nicol Hall, (Jueens

Ini'versitv, Kingston, Ontario. After this exposure they were removed,

and the amount of corrosion determined. In every case it was found that

the addition of small percentages of cobalt and nickel had ilecreased the

corrosion of the pure iron.' .

Following this, a second set of allo\s was made with like materials,

in the same wav, and exposed under similar conditions to the previous

set, for a period iVom June 16, 1913, to Octobi-r 16. 191.^. At the end of this

122 days' exposure, the allovs were taken in, and the rat;, of corrosion in

grams per stiuare centimetre of exposed surface per year was computed.

Infortunatelv, two of the alloys of this set met with an accident during

the exi)osun- thev were- dropped from the supports, and came in contact

with the metal roof, so that the series is not sufficiently complete to warrant

giving all the details. However, the n-sults were in general accord with

those of the i^revious set, which led us to believe that the addition of

cobalt in pro])e. jiroportions to pure iron might prove of benefit to its non-

corrosive properties.
. .

The general method of procedure with these preliminary e.xperiments

was the same as that described in uelail for the complete sets of experi-

ments to l)e ilescribed below.

I The "pure" iron, was American ingot iron: see p. 5.



The two sets of expiTinicnts {lus(Tit)C'cl al)ove must bt- considered pre-

liminary for a nunilK-r of reasons, and primarily, herause no heat treatment

was given to ti.e alloys.

Conclusions

1. From these preliminary experinniil-, it apiH-ars that ailditions of

small percentages of hoth Co and Ni to Anicrican in^oi iron add to its

non-corrosivf properties.

2. Cobalt seemed to be more effective than nickel when used in like

amount.
3. These results wi • such as tr siinnilate further interest, but were

not sulticienlly complei or satisfactory to warrant drawing; definite con-

clusions, j)articularly as to the relativj' i'l'l\< t of nickel and cobalt.

KXPKRIMF.NTS ON N().\-( ORRCJSIVK AI.I.OVS PRHF.XRED BY
ADDITIONS OF COBAi.T, NICKKl., AND COl'I'KR, TO AMKRICAN

INGOT IRON

Follow iuK are the data of three extended series of observations, from

which our conclusions .ire drawn. The materials used for the jjreparation

of the alloys of all three series, and in the neneral procedure also, were the

same for all, and are given before the numerical corrosion values for the

series.

Matiriai.s for Priparatiov of Alloys

The base of all the alloys was American ingcjt iron, furnished by Di.

Beck, American Rolling Mill (>)mpany, Middletown, Ohio. The analysis

of this material, as furnished bv Dr. Beck, is:

—

%
Fe 99-9

S 0-023

P 0004
C 010
Mn 0-031

Cu 0-028
0-035

Si trace

Ni none
Ca none

Our own analysis of the material is as follows:

—

%
Fe 99-9

S 0-027

p 0-0075

C 0010
Mn 0-027

Cu 0-0-18

Si trace

Ca none

Ni none

Inasmuch as there has been some discussion in receiit literature as

to the effect of copper in adding to the non-corrosive {jropcrties of American

ingot iron and similar materials, wc have made, in addition to the usual
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ihvcV n.iIvM's, ii(l.liti<.n,il an.ilvM> ..f llu- n.p|KT nmi.nl. ( lu
.
kinu -mr

v.ihu- of cipiRT ii> 0()48, \vi- h.iNr ilif InlluwiiiK v.iluis In.m iii.lci«n(lcnt

analvM.'!*:

—

04ft

(I (145

(I O.M)

ThcM' wiTr lUiiilf 1>> iwu iinU|)»nilrni aii.iK>t>.

\ later anaK-i> <>f Aimriiaii iii«(>l inm rull.,1 iiilu -IumIs Inr r«">tmK

material and shipiH'd to llii-. laluiralory l.y llie Anicru.m Kollmn Mills,

Middlctuwii. Ohiii, i:. a> fi)l1i>\v«:

Stimplv So .i-4l7y Awcrinin lii-i>l Iron : -osioii Sliirl, S It. X 4 ft.

S 0()2(>

|> (idiW
(• OKI
Mil 0022
Ci (Idlft

riie .(.hatl. ni« ktl, and copiHT, w.rc nf a .urri^pundiiiulv liiyli diurci-

,,f piiritv, anahvinu. roiuctivilv, WT' , rnlMlt. <)<)•.<'
,
ni.k.l. an.l ')')S

,

n.piMT.' The o.halt \va> i)rcpan(l in tliis lal.oratorv l.y rniiirli.m ->! pun-

fifd oxide- ali.l the cuppir and iiickil wen- procured Irnni nliablc - mr. i-,

and analy/c'd •
. this lal>i>rat(>r\ , as aliovc -'aitd.

^'l T'lnl) ()| I'RI.I*\U\I1iiV oI .\i,I.<)\^

Cnicihic mid Fiiniuci-

'l"lu' allovs wiTi' all made in lined i;r. pliile rnicibU-. ulnaintd .iilu

;r(.m llie Div.n Crucihle C.nipanN. <>r die J.mallian Marll.\ ( runl.lc

C.inipanv. and were either No. .^ or No. -s si/e. Tlu-e . ru'iM.s were Inied

with hrsi-^r, lepowderid ina(;ne>lte, the inaKne>ite l.enii; nn\id with water,

to hind it until >et.

.\ Hoskiiis electric turn. ice of the carl.ou plate re-i-tor type, w.i- u-ed

for meltin;.; these allo\'s.

Mcltiii'j, and Cnstiii}:,

The components of the all(.v to be prep.ired, were weii;hed out .iiid

put into the cnicihle toi;ether. The-e were often pul into .i i .ild turn.ice

to lie melted without predie.itini;, while x.me were jiri -luMled m the

Monarch Oil furn.KC, previous to|)Uttini; them into the hot. electric turn. ice.

The iemper.iture of the in>ide of the furn.ici> w.is me,i-iM-e<l Iroin lime to

time, oliservati(.n> l)ein,i; made with a Wanner optical pyrometer.

After the melt h.id received what was con>idereil .i im.inr luriiicu

treatment, powderetl aluminium was added .is a dei;.i>itier. and it wa>

then piHirel into an iron mould of v.irialile depth, which lormed a cyliiidric.il

in^ul about 1-2.S" diameter. The alloys of Series 1 .md U were ca-t in a

siiuare moukl of about the -ame volume. The castinj; uMl.illy wii^lied in

the neighbourhood of 2 iiounds.

.\n.ilysis furnishcl l.j Dr. link. .\nierk;m RollinK Mill C„ Mi.l.ll.-l.mn. l lliio^

Mine, Hi-i-.nch, Di-;.;. of MI:t", Oittw,,. I'M t. .I..i;rr.;il c-.f l:-.!!v:str:;i! j.vA l-.niirn '"! < h. ...i-lr^. ! >n. \ol.

^ '
'?Vo"'a des.ription of this furnace, «< Prn.arati.m of M,-lallic Colwll by l<.-.lucti..n „1 tli.- o.,c,Je."

Herbert T. Kalmus, Keport No. IVt. Mines Hrancli. Bei.t. of Mines. (i«.i»a. I'lH.

1
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Corrosion Ticsts

SERIES I

Tlu" foUowiiiK all()\s coniprisiiiK' Series I were- exi)()sicl on tlic roof of

Nicol Hall, as (ioscribed abovi-, iH-Kinninj; at 10 o'clock on the nioriuiiK of

March IS, 1<M4. They wen- removed on Aiiy:nst M, l'>14. after an exiiosure

of 3,9X4 hours.

Pata nf Corrosion Experiments: Series I

December 2. I'M.?.

ALLOY II 202 _., .

Prcxitnnte Analysis . Iron '>'> '-^ <

Cobalt 0-2.=;

Fiirnaee Hopkins Resistor furnace, tvpe F.C. No. lO.i.

Cnirihle (iraphite No. ?>. mat;iiesite line<l.

Souk-in:^ Duration ><) mins.

Temper.iture l.MMl-C.

Maximum '/V»;/>(T(i/»n- reached by nii'lt l.S6()°C.

Pei^asijier I'owdered aluminium .
()-i .nr't'i'^-

Heal trealmenl None.

The crucible, furnace, heat treatment, soakiiij;, and de^.i^ilier for the

followiuK set of alloys were identical with that (iiven under alloy 1! 202.

February 10, I'JU.

.Mloy II 2(W

.MIny II I4K

Alloy II W

Alloy II 200

Alloy II 204

Alloy II 207

Alloy II 19S

Alloy II 196

Iron W-.V;
Cobalt O-.S

November 2.x l')l,?.

Iron W-0';
Cobalt 1-0

November 2.S, 101.?.

Iron W-O';
Cobalt 2-0

November 26, 1 ')!.?.

Iron ')7-0';

Cobalt ^0
November 20, 101,?.

Iron 00-75';

Nickel 0-2.S

February 4, 1014.

Iron OO-.S';

Nickel 03
November 22, 191.?.

Iron 990':;

Nickel 1-0
November 2.?, 1013.

Iron 98-0%
Nickel 2-0



SKRIES l— (.'(iiiliiiiiiil.

Alloy II 117

Alloy II 2»S

Alloy II illh

Alloy 11 i»K

Mi.ty II 2lb

N.^vcniluT 24. 1')!,?.

Iron 'JTO',

Nicki'l ^0
NdvcmluT 2S, I'n.v

I roil ... .

CoppiT .
0-25

IVt.riiMrv 4. 1")14.

Iron W-.y,
( 'ol)lHT ()."<

Iron WO',
CopiHT 1 •'•

Iron lOOd',

DcctnilKr 2. I'M,?.

Tlurr an- .il>o indiidi'd in this sot, siAiT. ! alloys nuuii- up imdrr mill

(()n(tilii>ii> bv tlif .^iiurican Rollins M'" Ci-.pain. liavini; the iollowniK

compositions;

Alloy M2«i

Alloy M\1b

Alloy .MIK."*

All<iv 44(WW

Alloy ,»4I75

Co i»-.<v,

(• 0-01(1

Mn ()()20

I' OOO')

S 0-022
(•„ 0-020

Co 0-00',
( 0-010

Mn H-020
1> 0-OOS

S 0-040

Cii <»n24

Co MS'.
(• 0-01.^

Mn <»<)17

p 0-000

s oo.u
Cii It-02S

M 0-75',
(• 0-010

Mn 0-01.S

I> 0-OOS

S 0-02.S

Cii 0-24

(• 0-010';

Mn. 0-022

p 0-00<)

S 0-026

(•'u

'

0-OU)



<)

SERIES l-Oiiitiiiued.

ThrM' allovs, iiuludiiiK tlu' uiu> simple <.l imii No. .U175. iiaivcd

no luMt inatnunt atUT i-oiniiiK into our liaii.l- in tlu' lorm ol partialh

roUfd -lulls, appn.ximatdv V thiik, l.y 10' wuU'. 111.' <1im> nmh- cii

(lirirlly from tln-sc slurls. ami aftir tin; pmpir nuaMinnunt-. w.rc ^s\m>>v,\

in the maiiiur already dcxrihiil for Scries I.

The followinsi lahle ^ho\v> the eorro>ion of tlie>e \ariou> all<.y~:

Table of Particulars of Corrosion Tests of Alloys I tilized in Series 1

Dimrirfin " I'l , Ivi.^r.' i.yf'^ur. \V.i..l-l '•! Ih

{iirrosiuTf iir

..iMiiil.' \i.,,r„vi. Ui.im- n.i.k- An, I W.i^ln W.Muhl l..-"l lu.s in «,id.t

"•""'« ""'"'• "" ":„; ..,;;\r. VtuM- ,„-,r.rr.- .»..,„..- m., ..,,.>,..»,.,]

.Ml-, .-vi-osiin- nu.v.il .In.' 1" <nrl.i.-.- ;"T Inof an;i1\si^ in

.illoy

l.'.\l.,is..il M.it.i. IS, 1'>1 I, ' , , Inik l<.,ni"vc, A:ittU3L ,U. I'll I ''K'

III

,')M lu

II ill4

il>l

11 JOT l--.- ')'<

n .'1)7
,

111) I

II I'l'; l''.' 'w II ',

uil Ni 1

U llll,5iii ,^7i^ I'l '.(I (I Tilt il tl'.l i; 'HT 1

!j,.M3.UI IS."l i; 'I'' .'-4 IS'' 24 '',<'" II !"''!

J ).l7j II >!(.; l,s 'W ',K IISI 37 '>,fl(l U-tMl

'J 6,^117 II ,^-"l'' 1"; 45 _'_' 7(.J" J-i'-'l'i II 44H

b 1714 II 4it5 I.' 'Id li ')7HJ 1,5 504

J

II 17111

_>,ill2<l(l (i(.7ll I'' l.f,l 44 7,KSS l44 .'1111 II 5i;s

Kn-t ..nil,- l.'iM-

Un-i t, ,11.1.1.. n»,

-.ilill.li- .1>. h.

I.ill.n nil.

1! 1'I5

.1.1

11 11)11 l-.. US II '
. .' <)515 II (ij'i

l;ll Nl -• II

IIJ'.II 'ifl'i I'l i-'llllllH ij j'l74 II 71l(iil

I 1') 5J(I l.i (.(IIS .i,MIXJ4 II 5illl

II l'>6

(hi

II I')7 I-"'' "7 I''

1.0 Nl 4 "

II l"7
111)

II n\> 1-

(111 ,1

( '1') 7 5'

(1 11 J,5

II j(i'

(hi

11 _'nii 1

.,1. <

,. iH) 5

.. 11 5

(b) :

II I'lS I'.. 'I'l I)

(.1) t'l I II

J .15.IS(| (i74! I'l ''(.0 U. I|5fli v5,5|i;il II 511.1,

1 'VH'l II 5')(ilp I'l I.S7 4.' I'llJ 4J lliim II 11.1'

J 'i;5(. II nil. IS im. .M 'llisl _'( 1III7 II l'.7 1

J'llK.SII til5s 1(1 S'l Ml K.SI .!ll II14S II |5(i

4 (114S II 4SSS I7"5 Jl 51;; ill il(il4 II55H

J 7''II4 II -'171 17 17 _'S I'llll i: 'lis.. ' II = = ls

I

.i,.)55(, I) 57t,5 I'l IIS 4(1 5S1II ,(11 315.' 11 1(.5S

3,i|S35ll (i(il5 .'11 173 i(. ,'153 45 (.(.III " 5S33

Kl-I ii'in.iv.'.l

.,.iM.."h,il ..v-i'T

ihnn II I'lv

K,l-1 ..l-ll^ !.

IlHlV.-.l,

Kn<i :,-in..v.-. .-.i-.

I, I llinll II 31111,

S,in.|.l.. h I. .el

l,ill. :l .

H..lh ~;U111.1.-S ..11,

Kn-l ieni.,u-l

,|nil.. i>n--.l\,

S.imi.li- h' h.i'l

II. .t n;-l.-.l inn. Ii

!<n-t 'l.irkinc..l..iu

.111.1 111.11.' t.-iKi

.ii.n^ llKili II

II i<»
I

(b) I

il(i3'lO (i335 I'l 6S5 14 5751 44 (Nl'ill
:
n 5(i(.l
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8RRIKS l—C«iitiiin,il.

/»j»/fH'M.»l> -If /'IM h,h.r.' tixP'^-U'', ir.nw .( Ill'

numlifi

I

(iirrnviiiti or

Apiiic.x 1)1,1111 riii.k- All'.! \V-,-iKlu
j

WiiBhl Liissiif liisi in wclulil

ini.iti- ittr lit-'- in in ur;iins in «r;iuH wi-klil liii uriiins i"-t s<i

;in.il\>i^ ill 1 ins. iiirm-i. -Mil.irt' iH-fnn*
]
;iUrr n-- in k^aiu^ i ni. nt inii;iii.il

nils.
I

cxiMisurr iiiov.il iliir to siiita. i- |"r In-

I

I
(if rtlst I (irrtisiiin X in-

M.ir.h IS. I'll 4. l.n mlork. Riinovi-il AiiKUst .U, I'll I. Kxinisiiri- .t.'wl linius,

J 75 1.S (I (ilJX IT .'-'J JX 54'l(i .>,><-(ll7,i (I .stjl 774

Kmiiis,.! Mar.h IS

11 I'W
la'

Ir ns n
( u _'

H iw
III)

'ai

l-i- '17

( .1 .4 II

II -'IKI

(1.

II -'".^

I 11 11

11 .'1(>

>')U.s O s^J7 !.s 51)11 _"l 2J(I'> 2S Mi.*5 5574

.i O.ldXO 5.5')J I'l SJ .tl-.5IK>5 U 1 Ui') O.iH.Ki

.i 0I7S0 55.vn'l 55 U 0141 «) 5.'5') 04SSJ

_> S75')0 54.t.( 1" '10 i7 .5'<.t7 .>7 (lh'12 5J45

2 SS5to 5S'I5 IS IJ fO HJJ Ji) 5')4,( 5,i7')

J ')l, J O 54'I7 IS ;* J') .!45,1 .!S (i7 7(i n 5fi7 7

.' 'M5')0 5571) IS SI J') (.l.<7 _"l 05.U) 0=-i01

J .iS.(5 7I17S 14 J.I 24 .((I'l-' _'< "Oil-' Ki.tO

_' .477J 6175 l.i 71 .'i .i71'l 21 ')I54 ;5i..;

Ii- 100 0', 4 fiOJl 5(>11 _'fi 7.) 44 S.tSd 4,4 SOJ

I

1(1,' '

II '05

(111

llJOd 1-

Ml <
.. ()<),5 '

11 ,50

11 JOd
'111

II JOS 1-

ai 1

. 'I'l (1
'

11 10

II JOS
(111

7 OH

dJ7

7.(H

7.44

7dl

74S

SUi

Ku-l ilaik in iiil-

iiiir anil li-na-

I inns.

Rii>t 'larli in iiil-

inir anil qinti'

tt'iiacidiis.

Rust .lark in riil-

uiir anri qnitr

,
u-nacitiiis.

Rnsl about thi'

sami- as II J04.

Rust ali'iiit till-

sami' as II J04.

Rust rt-niovcil

ratlKT rasily.

Rnst iniitc I'asily

rcnuivcil.

Sanipli' ful iiail

falliMi off.

11 2ld
ilii

4 75d7 dl5 4 J') 4 4 5 4 ,4S,4d 52 2S70 1 O'Idd '1,4/

.44175
'ai Mil

1'

( 11

I

(127'
.

II (ij:

(1 (H17S

IIJO

l.il

4 7di) 1 lis .45 . 47 /7 (i45l 'Id- 702() '1441 dd4 Rust r'lnnvrd
vrry easily.

4417 5

(hi

4 dS,4 1 lis 41 IS ')'. 2**T'l ')2 1,470 'I5S2 701 Rust ri'iii'iyi'il

ycry i'asil\

.

44 JO 4

(a(

to
s
Mil
i'

Cu
(

22 '
,

(122

(I4d

O 005S
(1 02((

125

1 71S 1 (147 4,4 '15 S'M771 S7 5 7dO 1 (i014 1 . 1 SO Rnst niiin- traa-
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,44175. Imt Kss
tcnari'Mis than
.441S5.

44204 .4 d'>S 1 04'l 44 ,42 SS,,47,4S S7 , i>7 70 0,3'»dS 1*>1

(l.i

.441')d

(ai

(.1

s
Mn
1'

(11
(

0,57'
;

0(125
(HI

O (HI>J7

(1 (121

15d

4 7J,4 1 ini ,41 42 '14 (1772 '1,4 2020 S75J d!0 Rnst ti'iiaiioiis:
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int from .14204.

•Ul'ld .4 7.45 1 1.45 ,45 ,, 'l7-4d.>S i)d 5120 '15 Is 678
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Co
,s

Ma
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(11
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145
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i

'11 12d0 1 Ills S2,4 Rust very tena-
riiins.
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SERIKS l~ Coniiiiiied.

llinHil^inu^ a} Iti\, hifurr r'.xt<i\uri' W.h.lu of IH'C

( orrn-iinii iir

nuiiilHT
<>{ 1

alluy
i

lltuite

;i"

trr

III' ill t Ills.

in

s(iiiiirr

«nis,

II -:i,illl>

hrtuff
in ur.iiii

.ittiT n--

nioviil

nf Ml-t

' uriulu in ur.iiti'* i"'r >iii

in i:rLiiii> ( iii. of cri'^inal
j

'liu- til siiri'.iii* |nT lir.
1

Ki-iiinrks

lCx|i.i-..| M,ii.li IX. I'll I. tril (M">k, R.MUciv.il Auiiii-t i|. I'Hl K\i.i>«iir.- t.'lMI hniir^

t 71 I
I li'll 14 _'_' I I.' 5 1.'

4»cill'l \i II 711 '
, I 7_>s I 111 1 H

Ml > II ll.'ll

\ln II ll.'^

r n llll(.^

( ! 11 r.
I II 1111

71S s> si'Jn

41IHI<| ,t 7<il 1 (I6t M ^11 'II 1.MIS 'III ."1711

II .St J'>

I II5JX Kti-*t vr\ fn;i-
'iinn; ivit un-
liki- .Uls.'i.

Stiiyi>!^iu("-.r^i('i:' No iiii« ntpluil'n^ritl'lis WTf lak'-ii "t tht- ulluy-. (if tlu- fori'iioin-.; Niii-- I

Conclusions

Corrosion Experiments, Scries I

il.) Kt'.'Uits w itii tlie r-i't (if alliAs, mimlicrs 1<>() tii 2U),^ll(l\\ that in

cviTV c-asc tlic alloy tormcd by ilu' ailditiiin <il i'()l)alt. nickel, nr loppir,

is less ((irnided in the atmosphere than is American in^ot iron. These
are iinannealed samples.

(2.1 Tlu' \ariation> in the nieasunineiits are not so i;reat hut that

conclusion 1 is ai)[).iriiU, hut the\' aii- sut'tuiently ^ri'at tlKit conclusions

i)ased upon .i comjiarison <il the alloys ainon^ th'.'insi'Kes could not he

drawn from this series alone.

1,^.1 The samples, numhers .U17.^ to 44l)0'>, pre|)are(l h\- the .American

Rolling Mill ("onipany, show such wide \ariations anionu; llii' ohservations.

that no (diiclusions could he drawn from this series aloii"-.

(4.) it is noticeahle throughout this siries, that the rust on the

cobalt sam()les is more tenacious than that of tin othiT samples, and partic-

ularly that it is of a ..aich darker colour, and. is remo\e(l, h\- mechanic.il

means, with Mr\- much grt'ater dit'ticiilt>- th.m that formed on the .\iiierican

ingot iron.
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('<>KKl»l()N I'l -1-

SF.RJES II

Tlu- allovs H I'^S t.. 11 210 US..1 for Seriir- 11 were idiiilic.il witli liu-.o

US...1 for Series I. That is tn say. after complvti"^, the measuren.ents ...-

Series I, the dises were auain polishcl, re-we,^he.l, anu n,ea>l.re.l lur a

seciind exposure.

In this se.on.l series, the Amerieaii Rolling; Mill ..llo>> of Hh' t.r^t

series \vere auai.t expo>e.l. but in this rase the s.n.ples xver,' not the .dentiea

ones used in the previous test, new >amples hein^ eu. Iron, the >luvt., and

prepared for exposure in ihe manner de-erihed.

The frame of samples was pla.ed on the Nieol huildinn of nueen>

Iniversit V. Kingston, ()ntari<., on .he morning of Oefher 10, l')14. ami re-

moved on .Xuiiusl .^0, l')l.^.

The result> of this seeond exposure may he noted in the lollowniR

table:-

Table of Particulars of (iorrosion Tests of Alloys Utilized in Series II

>anii' (. Apiirox-

imnil' T iiiiatf

ot uiuilysH

11,/ h! /),..

Dliiii rill, k
cttT ni's^

iniiiK. in( Ills

alios-

H -•"4

(ai

;iniiiri'

eorro-iiHi nr

Wiiulu \Viii;lit l.o*< lit ' liw Ml wiii;lit

ill tr.iiiis ill KraiiH ..v.-iulit liii iTuiiis piT ^q

IHori- l.ifli'rri'- in eniiii«,. in. "t "rriiiiiil niiii.iiK-

i-xiKisiiM. imiv.il iliii- 111
i

siirl.ui- l»'r It.

„f r.i-t .i.rr.iMi.ii' •< 1"'

K-M'

|.-,. on
Ni IP-

,si.,l o,t"l..-i null. I"H l<'-iii"V.-.l Allans] (11. 1'lls

;
i.ilM .'40 17-,<li) iX illuh '.!* 2'li\ II ''.1-' Kiist ililli. 'ill 1"

rciiuiv.-; tl.irk

in s|„,ts an.

I

iniif.liil in ali-

pt-aian. r.

H -'111

ih

II '"7

lal

II 2117

111)

II .1117

..-1

II I'l? I--,. 'I'Ml

Ni 111

II 1"5
lb'

11 I'l'i

.'.ii

i-'i-

.Ni

i)S II

1 II

II t'"!

(Ill

11 t<17

(ai Ni .( II

II I'I7

(111

2 Dl.t Ill-VI K. 711 .'- 'I4J.S JJ t."-'^ II <ill«l

J .ISO 11 4S7 IH I'l JliU'll .'> s|s» 11 Mill

, ,,.1 II isl n (i(. -'II llJ-'=; I'l 5211. II 4'i7'l

J 4,X0 o nil IJ 71. 11 f'llL' It ""1" II '"'<7

2 S.IM II (.(HI IH .'s \Vlll i.| J.H_' II .J(.S

\v.l\ in

I1..1.S

Ml (I'KiO
I

With.iiit
I

(0 (IJOII

J S'H 571 IS >1 ''' "751 -''< I'll II I'll"

2 IMS II S«S I'l IIX *0 M.Vst .ill 2«(.(. (.4SS

2. .110 ni.ll l'(4,t <.V71(.II ii IISs4 II (.(.0(1

l.Wi (1 5(,1 !•> 1." M\ .'im •'> (.^17 (1 Vl.si

2 ()6i O 11.' 17 5!< n SI,U J 12') ill (I M'M

4211

4711

44 s

4 17

417

401

Kiisl l.iiiK tcna-

Li.'ii^.

Knst un.i. i.ins;

s.)in..wh.it (l.irk

alter iclimval

of ril«t.

Kiisl .M-.lv n-.

iii..\...!-. liylit in

.•.il.iur.

Knsl .Msilv rn-

I....V...1' l.i'lii in

.V.l.iiir.'



u
SKRIKS ir CoiUdiucI

IlimrnM.nt n{ m., (.. i',.r, /. i ,"i. iir.- II ,'iM < l>h~

nimilHT
of

;illny

Corrnsiiin nr

Ajiprcn- ! Di.un Thi. k- Ar.M Wiiulil W.iuht L.i" ..f I Ic." in «. Kill
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I III-. i-\|. -nil- iii')\.il line ti)
!
-iirl.irr l"T lir.

(t( rii-t orio-nni
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V III-

nr-'fi.i I.- 'i; 7v
(.11 (.'1 II J.I

II >fll)
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P.-

C.i

«)i>
.

i;

ll>
; 1 ;>'i ll^?0 If. :j
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(hi

JII.IM II .-11 IS -1
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Pimm I'll- "fl'n: lifl'^rtiAf'""' tVfiJil ..I III'
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Xpi.r.ix- Di.iiii- Thi.k- Ar.M \Vii«hl W.iiilil Uosiof
,

loi« in M^'iuht

liiiiitc- itir ni«s in in ur.uii- in ;;t.itiH wi'^ulil in ut.iiii-i l"T •^1

luilysis iniin-. iiiinii, «qii,in- li.-(iiri- I .ill.-r n- ill urjliis . in. .il iiniini.il

» 111-*. cxpiiHiirf mov.il itiM' tn -Jiirt.n t- i^T lir.

Ill rii-t I orrn-iion
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44(l(l'l
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Knsl liulit in lol-

..iir .11..! f.iirly

r.i^ily ri-iiuivi'd.

KiKt liuhl in .(il-

uur iiii'l fairly

easily rtMiiuVfil.

KiKt liulil ill "il-

imr anil lairly

rasilv riniuvfil.

RiKt lifllt in cnl-

Diir anil fairly

t-asily rt'miivcd.

Ku^t liuht in rol-

imr anil fairly

easily renioved.

Mi,riiphvlaf,rapl:s. Nii niiiropliotoKraplis wcro taki-n uf Si-rii-s II.
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Conclusions.

Corrosion l\xpvrimeiils, Sirivs II.

(1.) Rrsults with the >ct of .illoys, mimlKTs !<)() to IUk -liow that in

every ciiM' the alloy lorniid liy the adihtioii of colMlt, iiirkti.or ropper,

is It-is rorrodcd in the atmosphiro than is Anierican in^ot iron. ^lR^e

are ntiatuiealed samples.

(2.) The coiullision 1. for Series II, is in .iironl with the corre^pondinR

conciusion for Series I. (dnip-irini; the alisolnle amounts oj corrosion,

that is, loss in weight in Krani> per sijnare eenlimeire of original snrtace

per hour, we lind that it i> uniformly unaler for Series I th.in for Series II
-

approximately in tlie ratio of three to two. This may he in some measure

artonnted for by the faet that the exiMisnre for Series I was l.ir^ely in the

sunni'i r lime, whereas the exposure for Serie- II was in both summer and

winl. r. It is more to he KeouiHed for, however, by the fad ih.it the

expo>ure for Series II was of very ne.irly twice the (juration that it was

for Series I. After corrosion has conlimieii for a cert.ii- period,

with the more non-corrosi\e allo>s, a h.ird, tenacious dark-c

is formed, which tend- to protect the alloy an.iinst further corro

(,^.) The \ariations in the nHasuninents are not so ;;re,it but that

conclusions 1 and 2 .ire .ipp.irent, l>nt ihe N.irialions .ire sull'u iently yre.it

lh.it comp.irisons between ihe \.irious alloys cmnot be dr.iwn without

further conhrmin^ mi'asuremenls to est.iblish the relations.

(4.1 The s.nili)les, numbers .U17.S to 44t)(W, pre|).ired by the .\meri( .in

Rolling Mill I'omiJany as far as this series alone is concerned do not lend

lo be.ir out the conclusions Irom the series prep.ired at the l.ibor.ilory.

l"rom these s.imples alone it would seem th.il .idditioii- ol sin, ill amount-

of cob.dt, up to one pvr cent, h.ive very little effect on ((irro-ioii, .ind tli.it

the addition of ni<kel to about 0-7 of .1 per cent was harmful.

(.S.) Ii is noticeable throushont this series, in the samples prepared

at the labor.itorv, that .iddilions of cob.ilt, nickel, and copper, all teiiil

to make the rust more ten.icious, d.irker in .dlour, more imilorm. .ind

removed bv mechanical means with very much ure.iter dihiculty th.iii m
the CISC of' the imre .\merican ini;ot iron This fact is particiil.irly notiiv-

.ible with tlu' cob.ili samples. The alloys of thi>

American Rolling Mill Company, differ from those i)rep.ired
.

is to say, the .imie.ilcd s.imiilis differ from the iiii.mne.iled sani|)U-, in th.it

f<ir the aniH'aled s.iniples the rust is li^ht in colour, .ind much more re.idily

reniox ed th.iii in the c.ise of the unannealed ones.

(().) From tlii- series .iloiU' we would tend to concUuU' tli.il the etiect

of annealing these , illoys w.is to promote corrosion.

, especi.illy

h.ird, tenacious d.irk-coloureil rust

'on.

prepared
b\- un-

tile

h.il
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SKRIKS III.

Tlic •..iinpKv nl Sirii- I .m<l il ridivtd ii.> licit ircilniful afifr f.isliiiv;.

I'l.r fiirlliiT iinc^tiy.ilicm Stiii-. Ill w.i^ prtp.irid. llir Inllc.w iti^; l)ciiin -^ li-l

(.1 ilic .ill(i\- nl ilii> Mrii>. willi llir imtlKMl of pnp.ir.ilinii.

I'KI r Al< MH>\ HI Ml OV-

Kiirnuco Treutmwit •

i

III ihi- -trio III .illov-. H>iiic nl tile (i\,ir«i> wcri- prclit .iicil in llic

Mdii.inh Oil l-uriiiir, .iiul mhhc wcrr iiilru(iiiri'<l (liri< tly iiil" (In- liol

Hd-kiii- lurii.KC. Till' (i.it.i nf pnp.iiMii<>ii nl two .iii<)V> iiy i-.uh taMtmriil

,ir«' ^\M\\ in (Itl.ul. All >,iiiiplr> nl this mtIi's win- pnp.irid 1)V ont- or llu-

otiur nl ilu-r iiuilin(l> ,1- iixlicilcl Ain- v.iri.iiinn fmiii tlic-sc will Ik-

iinhd iiiidiT llif iiKJiv iciii.il ili.iryc.

|)\|\ii| ( uKKdMiiN I M'I.I<IMI:M'>

OclnlKT H. I'M4.

\lt<>\ l< iOi

( omlwition ( -n - 25'
, ;

(
•
- • 1 S' , ; W - ')') 5'

, .

Cli,tr"r Anu'riiaii iuKnt imii \\M urams
Cnhah 2-«5 "

l-'urniuc Ilnskiiis Ki'si>lnr lurnacf, tyiu' F.C. No. Kb.

Crurililc N<>- -^ Krapliilc, mauiusitc liiu-<l.

S(mkhi>i M) mimiti's at 157(»' ('

.

Hi'ihcst 'I'enifjcriitiiff rcachril by nu'lt 1,570" ('.

Tvmpvniturf of Pouriii'i 1570° C".

ni'iiisificr. .
lV)W(liTi-(l aliiniiniiim, 2 grains.

ilV/i;/// ('/(((,<//);: 1 II). 4 nz.

Unit Trenlmou Xiincalid l>y lu-atiii^; in ^as nuittlc liirnaii- at S/0

I'nr 2 lir.-i. and allnwinj; I" <(«il slowly with furnaiv.

Miifoplioto'^.-il^h.. iSic I'lati- Ml, j). .^0).

Novcmhcr 11. 1'>U.

Mli.v B IW

Comfosiliou Co - 2-0',
;

(' - OU)', ; I'f - '<7 X'
,

.

(7„„-^c S 1(->1 <>'l^ i;ram>

Cobalt 'i'5 "

.SV)((/l-;»i; ,^0 iiiiiuitts .It H>40° C.

Iliillhst 'rrniprriitiirr ri'aclu'd by null 1700°C.

Tciiiprrdliirc of Pouriti'^ 1640° C.

Cnuiblf. Furnace TriMtnuiit, IVu.i>it'i( r. .md licit I rciiiiifni -mwv a-

|{ H)l. txci'i)! as noted.

Wn-iht of Ctistinii. . . 1 lb.

Miiropholo'^raph iSee I'late \\ . p. ,^0|.

November 2, l'M4.

Alloy .S im
Composition Co- 0-25'

, ; C - O-OK.V , : IV - WftVr •

Cliiir"c . American inijoi iron 778 ur-Tnis.

Cobalt 1*>-^
"

Funiaci' Hoskins Resistor fnrnace, type l".( .
No. 10,i

Monarch Oil fliii5.»ce.

Cnicihle No. -? ,iir''pli't^'' maRni'site lined.

Prclic(ilinti 20 minutes in nil furna<e.



17

SKKIK.S III {••,,liiiii,d.

Siutkiii':, SO iiiiiuilt- .11 15(il>'( .

Ui'^hi-st I inif>friitlin ri.iiluil l>\ null, KtKI ('

I .mfuritliirr of I'oiiritVi 15(i(l" ('

Pr'^iisiltir

W'ri'Jil of i V/A//"t

lliiil rn-iilmciil

\l h iiililiiilO'jr,i/}li.

I'liwclcu.l .iliiniiiiiimi, n .' .;r.mi-

I II.. <n/.

AiiiumIi'iI \i\ lu.iliiii; ill K.i^ miillli lurii.Ki- .il

.S7()''('. jiir -' ll'illl' Mill lllnw illi; 1(1 (Mill -liiwK

will) liirii.irr

S,.,. I'l.llr \ . p. <tl.

\.,\,iiil«r lit. I'Ut.

Mhn s 2l<t

( iimjosilioii

( //(/rL'C

( ,, - 1 (I' , ; ( -- ^\ Ul' , ; i . - <».S ,V,.

S lUW l.^'l UIMIil-.

S 2.VS 11'' "

H i(Ht l^<»

I'Mr.CniMli <i »'' '•

I'yihfUlnri «• miiuil(- in "ii liirii.in-.

.Soitk-iiiv. .1(1 niinnio .i; IdKrC.
lli'j,tii':.: Trill funil II rr ic.ii litil li\ null. 17(KI ('.

iiiiityi-rittiiri- of I'onnir^ 104(1' ('.

( incililc, I'lnn.ict rriMlincni. |).n,i«ititi , .iikI lli.it lii,ilni<ni -.mu- .i-

S IMK cxifiii .i> noiid.

\\'ri:Ji! of l'(i.\tiii'^ 1 II'. .'i <>/>

M'urofiliotii'zral'h. Sec- I'l.il.' \'l. ]>. M\:.

Nuvcnihtr •>. I''14

Mliiv S J.VS

Compositwii ( n - d-.VS', ;

(• - (1-21', ; IV - W-4',.

CImr'-,' S2,=i2 ._^7.=i
• 5 Krani-.

Anuricui im;i>i iriin. ."'''4

('(ili.ili I ^^

t riKil.U. I'niM.ic. rrc.ilni.iit. l)ii;,i'-iri(r..iii'l II* it rnMlni'nl -.mif .i--

>. lul.

Mitropliolo-irapii. iNt- I'l.ili- \ 1 1, p. .<(''

Noll . Tliiv ,illn\ w.i- c.i-i Iniir linn- lifldit- ohLiinins; a -.iii-l.uinry

-.iiiijili .

Dinnilp.r "). I'Ml.

Mlin s Ihh

ioiiit>osi!iou (n - SV, :
( - (ISO',

;
1\' - '»<) • .V

,
.

(7,„;..,. .\II(A .^2404 4f>, ijr.iin-.

('ni.,ili <»•"> '

( rmililc liini.irc I'l-citnicni. 1 )i ^.ir-iluT. W «ii;ln •! ( a>imi;. .iinl H'/.n

rrcalnifiu -.mi«- .i- B.- 1''''. will' r\irpii<in lii.il iluialiciii nt Mi.ikiiiL;

\\.i> 1 lioiir.

( >( KiIkT id. 1''1 +

Allin II 21t*

iomlni.ilwii. .
Co ^ 05(1',: (- •1-27',

;
l-\- W-2',.

Clinrv I{ 202 ''^' yr.ini-.

{•(.ImIi l-''^ "

( nuililf. I'lirnacc IVcatnitnl. I)c!'a>ih(r.. 111(1 Heat 'rr.Mliiicnl >,iiii.' .i-

M 202.

HV/'j:;/;/ of Ca.sliir^. . 1 ll>.

Mkropliolo'iraph.. . .(Sec- WMv \'I1I. P-
!<•'•
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SERIK:* III i;;,ti>,i<,il.

Nux.mlHr 2, I')I4.

Mioy H iU
Cnmimsilion Co - (t-50' , ; C - O.M' , : IV - '»'» 1'

,

Clunv.!- S 25(1 foO ur.ini«.

Cc.ImIi 1 55 ••

('rucilili', Furnari' rrt.ilnuiil, I)in.i-irur,.iml Ihal Irctlnu ni -,mii' .i>

S i5(t.

Wei'ihl ol ('((.v//>;i;. .. 1 ll(. .' n/s.

Muropliolonniph.. .
(Sff I'l.ilr IX. p. Mh.

Nnv.nili.r '). I'll \.

Allay S tM
Cnmposilinu {"..-(»• 75' , :

("-(»• 17',; I\W1',
Chdf^i- AiiUTir.m iiHiiit iron 57(i kT'II"'

U .'(HI 1''-' '•

('riKililf, Kiirnaif 'rrr.ilmciil, I )('v;i'il'HT. .iinl Ht-.il rriMimnil -.iinc .i>

S lUl.

Wfi'^lil of ('(/v//»^. . . I III. 5 ((/-.

.\fiinil)li(>to'^nil>li.. (Sic I'l.itf X, p. .<••).

|)(c.nili.r '». I'M 4.

Alloy S iMi

Compo.^ilion

( luir'ic

C, _ 0.75', ;
( - 21', : 1 r - <)'^<l',.

. . . Alldv .U2(ll 4(.7 yr.im-.

((>l.,ilt l--^^
"

(riKililf. I'lirn.icf 'rn.ilmiiii. |)iL;.i>itirr. .inil llf.il 'rPMimiiit >.imc .is

H.. I'J'J, with iMiptidii tli.il (iiir.n'.iin of wiakini; w.i- 2 ii<uir«.

Weight of Citsthi'i. . 1 ll>.

.VoTi;. This alloy was r.ist twiif lu'lorc uhi.iiniiiK a >.iii-l,i< lory

sainpli'.

OcIoImt 27, I'M 4.

.Mloy n lix

Composition Co - 1 ()'
, ; C - (••.•!«'

, ;
\\- - '>H-(.' , .

Cluir-f H 2(12 ^2(> \i.rM\\-.

|{ 20') 4(.(l '•

Coli.ilt 4-,S()
••

CruciMc, l"iirii,i(i rriMtnuiil. I)i^;asititr. ami licit 'rriMliiuiii ~amc ,is

B 2t»2.

Wci'iht of Ciistiiv^. . . 1 II). S ,,/>,

Murophoto'^raph.. iSci' I'lan- .\l, |>. .^tt).

NoMIlll.lT l.\ I'M 1.

Alluy H ina

Composition

Cliariir

Co - ,^()'; ; C - ()-17'; :
\\- - <J()^',

. . U.j IW i4() i^r.iins.

AnuTicaii iiiijot iron 262

Cobalt 11 •'',>

Crucildi', Furnaio rroatnuiit, Di'Kasit'uT.aiid Hc.it rrcaliiuni -.micas

\i. 19'>.

W'ci'^lit of Castiiiti. . . 1 Hi. 2 o/s.

NoTK.— This alloy was i asl twin- iafuic (,l.tainins a -au.-tartnry

samjilc.

Microphotograph (Sec I'latc X 1 1 ,
ji. M)).
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SKRIKN III loHtiHued.

i

i:

Ni.vtniUr 2<*, l''J4.

M\ny B JM
CompnsitioH

.

I I. -.<(»',;< - (I ,U)', ; I »<«i fi',

Charge H IW 4.S.' nr.iiii>

(•ul)ali 14') "

Cruiibli-, FuriuuT inatmint. Df^.i^iti'T, and Hf.it rn-.itim'ni s.iitu i-

H 202, ixn|)l hinlu«.t tcmiKTatr wat U)MO" C.

\Veit!,ht of Cdsttiti:, 1 lli.

\n\i-mUr 25, I«)I4.

Mluy C MJ
Composition

Chargf
'55

(\, - (I- 25', ;
{ - 4')'

, ; If •)') 2',

U .«) "
Ami'ricaii iii^iit irnii

(•..lull 1-2X '•

l"ruiil)lc', lurn.iif rriatiiunl. I >fv;a*it'u r,,iiii| Ileal rnattniiii •..iiiif a

lii I'W, with ttu'i\(t()ti(m that (liiratiini of «iiakiiii; \\a^ 50 mimili-

Wtii)ii of OisliHn, 1 111.

Murophotoiiraph.. (Sir IM.ite XIII, p. <0).

\(i\eiiil)ir 2(1. 1')I I.

MIojF c: iM
Composition . Co - 0-,<5'

, ;
(' - 0-4')'

, : Ir - ')'>-2' ,.

Char^f ( 202 «»5 nram>.

H M) «5

Allov .<24(>4 85

(•(.halt Of)')
"

Crutihlc, I'uriiair rriatiiunt, Di'Kasifiir.aiui Ural rrratimiil xiinc a-

Hj 1')'). with tlir rx(i|)tinii that tluratioii nl ^oakiiiv; wa» 1 hour.

IVfi^lU of Cdfliiii:,. 15 o/>.

Microphotov,rupl!. .(Scf I'l.tic XIW i).
.^Ot.

I.

Oi tilur 2,S. 1'»1 1.

Mluy B Wt

Composition Co - 2 ()',;( - 0- *(.'
, ; Ic - ')7-5' ;.

Charf^e H I'J^ ()51 uram-.

Cobalt 0()5

Crurihir, Kuriuuc 'rrtatuunt, Dc-^^.i^iticr. ami Ileal Treatiiieiil same .i-

H 202.

Weight of Caslin<^. 1 11). 5 <</.>.

Microphotoi^nipli.. (See I'lali' W, p. .^0).

( )( Inlier 2.V 1')1 I.

.Mloy B J»4

Composition Ni - 0- 25'
, ; C - 010'

, ; 1 e - ')<)()'
, .

Charge American inj^ot iron 11.^2 i;rain>.

Pure Nickel l-^T'
"

Crueible, Fiiiiiai e Tiealnient . 1 KjiarititT, and Heat Tnatnunt r^anu r.-

B 202.

Weight of Cdstini!,. . . I lb. 4 o/>.
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SERIKS III ioiUiiiiinl.

Ncvimlur 2, 1914.

M'..> s ». _ ,. . ^. _ ,,057', ; IV - 'W-6' ,.

;^::^:, ::.::::::::aU^^^^^^ jj;;^--

,-,,,,,,,, r.,n,.uv Tns:nH.nt: l...KaM.u.r, .nd ihat Tn.a,m..nt samo a^

S 250.

MuwplwUvirnph .

(S.vlMaU-\\l.p. .^t».

Novi-mltT 5, l')14.

ComposhioH
Clmr'^c

Ni - 0.,?5',; f -0 045',; Ki- - 'W-6',.

:
.:AnHTi.anin^.uir<.n

,''Jq

*^''^':"'

C-nuihU.. Kurnaa. T.v.aSn,: D.^asiiu., and H.a. Tn-atmenl same a.

S >(i^ .Mvpl tliat biiilust icmiHratun- wa. U)40 ( .

S;? "Thfi"^was";a>, ..v.n ,in,c> l.Horc ..h.aininK a .htU..

caslini;.
iS.o riatf XVII. p. .^t>i

Novcmlur (). 1914.

Alloy S 2iS7

('nwpdsilioir

('hariir J254 .

226Riims.

.XnuTic.iii inu<>< ir<"'-
495
1-72

cV,,.i,,K. i:urna.v IV.atnu.n,: l)o.asi.Wr,and Heat •rrc.atnu.n,, sanu. a.

vlllip

Nnvinibfi- (.. 1914.

Alloy S 2Sn

{'(imposition

( liar fir

M _u.50', ; r -0 t>72',; IV -_99-4',.

AnuTiran inyot iron.
^^''^7 ^""^'r-

^nK•il.U^;•.,n,a..^r:a.'^!•n..l>v.a^^

SK'^fedW .^.r:.:;^;-.^ .mu. I-H.... ..,.uinin, a sa„sfa..u.rv

^!ur:^phi,n,pi, .
'^'.VUw\yU\ p. .^0,.

NovcnituT 9. l')14.

Alloy .S til

I'omposilioii

(.'iiarsir

Ni -07,5',; ( -0 067',; lV-_99.2',.

\ ' k 1
'

r„,..ibU.. Kurna... Tn.a,nu.n,: IK.asili.r: an.l H.a. Tn.a.nu.n, same as

S 2(^2.

Mi,ropholo..raph . . . ASvv VlAc \\\, P- ^"»-
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SERIES III rniilinwJ.

NovimhtT !•;, I'M 4.

Alloy B.'IVS

Co'uposition \i - 1 ()'
, ;

(' - ()(),S9' , ; IV - yS-0' ;

.

Cliiirsic S 2()1 177 gniins

Niik.'l H.O

Criuihk', iMirnact- Trcaliii' >'' I H^.i^ifuT, anrl Heat 'rrcalmcnt -anif as

UV;t;/;/ c/ (.'astiini. .1 n-.

Microphoto^ra/jh. ^ .( -cc !'laU- XX. p vO),

Novtiiilnr 10, l')14.

Alloy S 2b.i

Compnsitwr Ni - I O' , ; C - HIKo'
, ; IV - <W«)' ;.

(V/ar.cc S 261 M' K'riinis.

Mrkil ()-50 "

('ru(il)k', Fiiriiaiv Tri'atni nt, Dc^asitiir, and Heat Treatnirnt hanif as

Hj 1W with tlif fxicptiiin that dur.ition of soakinj; was 45 niimitrs.

Weii!,ht of Ciistiuv.- 1 II'- •' "zs.

NoTi:.—This alios was cast iwici' hctort.' olitainin^ .i satisfactory saniplf

MicrophoUviraph.' iSw I'l.i'.- XXI, i).
Mh.

Dic'iiihir 11, l')14

Alloy S 269

Composition N i
- 2 • 0' , ; C '

- t» • OX.S' , : IV - <)7 •')',.

Cliari^e Anu'riraii in^ol iron r^Mt grams.

Nickd 11 -^S "

C'rucihlo, Fiiriuur Trtatnirnt, Diji.isificr, .iiid Heal 'rnatiiuMil s.imcas

H-j 1'^'), i-xci'pt soaking was 1 hour at 1700' ('.

Wfiiihl of Cd.stiii'^. 1 11). 2 ozs.

Micropholoiiniph.. iSi'u Plate XXII, p. M)\.

I)<(.nil)fr 10, l'>14.

Alloy .S 267

Composition .\i - 0- 2.S'
, ;

(
'
- 0-2.V , ; 1-V - ';'>-5' ,

.

diarize (" 204 .<-'<i grams.

.American ingot iron 4.VS

Nickel ItW "

Crucible, Furn.ice Treatment. Degasitier, and Heat Ireatmenl s.ime .is

n.j I'W. excei)t that scfaking was 1 hour at 1700° (".

U'cijlht of Casliit'j, I ll>. S ozs

I)ecemi)er 10, l'>14.

Alloy S 26H

Composition N i - 50' , ;

<
' -0-21',; Ke - ')') 2'

,

.

Charge B -^0 ' -7 grams.

American ingot iron 467

Nickel 2-*>y '•

Crnrihle, Kurn.ice Treatment, neuasitier, .md Heat Treatment same as

H;. I'W, except that soaking was 1 hour.

U'cisilit cf (.'astiuii. . I ll>. 6 ozs.
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SERIKS III -("M'l ""'<'

Oitobir 24, 1<>14.

Alloy B l»S

Composition

r/iari;c

>;i _ 1.0',; ;
( - ()-24',,; Vv - w-s*;;.

"u 7()7 S<H) grams.

Nirkd... .;::::: ;^"^ "

Crucible. Furn.icr Tn-atnu-nt, Degasifier. and Heat I rcatnunt same a^

B 202.

Weis^ht of Caslifii^. . 1 U). 4 <>'>•
.^,,,, ,,,,

\ficrophotoRraph..A^v,' VVmv Will. P- .<<»•

(Mol)fr 27, UM4.

Allojr B l«k

Composition

Charge

Ni - 20',; ( - 0-2.V,; ¥v - y7«';.

*n i()S ' <>*<<' grams.

Ni<k;.i... .::::::
-ir'^-^

"

l-rucihle, Furnace Treatment. Degasifier. an.! Heat^ I reatment same as

B 202, except highest tempeiature was 1040 I .

Weight of Castiiiii. . . 1 lb. 6 ozs.

MicropholoRraph.. (See IMate XX1\ . p. M)).

N(.veml)er 12, l')14.

Alloy B: 197

Composition

Charge

>,i _ ^.^)^, (• - 01.?',; Fe - %-8';f.

; s 26.?. 184 grams.

B 197 ^^^

Nickel 1-9" "

Crucible. Furnace Treatment, Degasifier. ,m.i Heat I reatmenl s.,me .is

B.. 199.

Weight of Casting. . .8 ozs.

Microphotogniph.. .(See I'l.ite XX\ , p. .<0i.

October 28, 1914.

Alloy B 1»7

Composition

Charge

\i _ ,^()',; C - ()-21', ; Fe - 90- 7',;..

.B 196 517 grams.

Nickel :'^-^

Crucible, Furna.c Treatment, Degasifier, and Heat treatment same as

B 202.

Weight of Casting. 1 lb. 1 oz.

Microphotograph . . . .
(See I'late X\\ I, p. .^0).

Novcnibe' l-<, 1914.

Alloy C M4

Composition Ni - 0-2.S'
, : C - 0-4-V , : Fe - 99-,?%.

jj 3()
269 .S grams

Charge Americ.m ingot iron 269-.=
|'_

Nickel ^
1-3'^

Crucible. Furnace Treatment, Degasifier, and Heat rreatment same as

S 250. except duration ot soaking was 1 iiour a( l.->60 i .

Weight of Casting. . 1 lb. 2 ozs.

Microphotograph.. . .(Sc-e Plate XX\ H, p. M)).
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SERIKS ni-lonlitiiied.

i 1

Novoniliif 16, 1014.

Alloy B; 20S

Comfiositioii

Chariic

. Cu - ()-2.V;
;

( - ()()4.v;; Fc - 007';.

. . AiiKTicaii iiiK'it iron 1 062 grams.

CoppiT 2f)6

('ni(il)lf, I'liniaci' rri.ilmciit, 1 KKasifu r, and Hc.it Tnalinc-iit same as

15, 100.

IWi'^lit of Ciistiii'^- . 2 liis.

Noil-. In tlii> and tin- suiifcdint; copper atloy> ilic iron was first

melted, anil tlie copiuT drojjpcd into tile molten iron tlirou);h a

>mall hole in the furnace cover, the f.ill heini^' directed by me.ins

of a tulie of flls<(l silic.l.

.\Ii<rof>liolo<^nipll. (See I'late XWIII. p. .^Hi.

October 28. 1014.

.Mloy li 20.1

( 'om position

Charier ....

(„ _ ().2.V,
:

(• - 10', ; Ke - 00-6',.

\merican ini;ot iron 70.? r.ims.

(dlMUT 'I^.S

('nicil)le. I'lirn.ice Tri.itmenl. I )esiasitier, .tn<l lle.il Treatment s.ime .is

n 202.

Wi'i'^lil of i'dsliii'j,. . .1 111. .^ o/s.

NoMinher 10, 1014.

Alloy 11: 20b

( 'om position

Charvc

. . .Cu - O-.'^O', : ( - <l 17', ; Fe - OO-.V;.

I?., 20,S ^^i sr'i'T^-

Copper 1-^'^
"

Criicii)le. hiirnace Treatment. I )et;,i>ilier. .ind He.it Treatment s.ime .e^

M 100

IIV/i;/// ()/' Castufi. . . 1 II). 2 ozs.

Min-ophoto'^rapl' >rv I'l.ite XXIX. |). M^'-

October M\. 1014.

.\llo\ it 20b

( Oil} position

( 'lidriic. . . .

(•„ _ 0.50' , ;
( - O-IO', ; Fe - W .V , .

B 20.^ -^>*^>'^ !.;r.im>.

Copper 1 • .i.?

Crucible. I'lirn.ice 'Tre.itment. 1 )(!.;, i-il'ier. ,ind Heat 'Treatment s.ime .is

H.J 100, excipt th.it liii;he-t te.iiper.itiire w.is 1()4(l' C.

Wriillil of iastin'^ ... 1 lb.

MiiropllotO'^rilph.. iSee IM.ile XXX. ]). M)'.

November 24. 1014.

Allo> II iOK

( 'oni position

Cliiiriii'

( ., - 0-7,S', ; C - O-IS',; Fe - OO-O',.

. . . ,H., 20f) _'^1^ i;rams.

American inijot iron 2/0-.-1

Coiiper 4 -411

Crucible. Fiirn.ice 'Treatir.ent. !)ei;asiher. .md Heat Tre.itment same .is

!{.. 100.

n'cii!.lit cf Cdstin'j, . . 1 lb. 2 o/s.
. .

\oX5.
—

-phi^ allov was cast four time- l.itore obt.imnii: a s.itist.ictory

samjile.

Miirophoto'^raph. (See Plate XXXF \^. .Mb
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SERIKS III ConlinucJ

Saiiipli- wore pn-p.irtd from tlu'si' alloys in tlu' niamicr previously

(Ifscrilud, .111(1 momiti'd for I'xposiiri' on the roof of Nicol hmldiiiK, giu'i-ns

I'liivcr-ity Kingston, Ontario. This sirics was moiinti'd in tlii' same vv.iy

as SiTifs 11, and thf duration of cxposuri' was 25,? days, ,? hours, LfKinnmn

DircmlKr 22 1<M4, 1.1.S p.m. Drn'mlur 2,?, l'>14, A.M) p.m., timr end-

inn SeptimlKT 1, l<>1.r 4.1.^ p.m. Siptimhir 2, 1<>15, 1 .M) p.m. lotal

hours, (),()75.
, , 1 .1

In addition to thi- sampks prc'iKiri'd. as above d.^cril.id, another set

of samples was prepared from ihe Amerie.in Rolling Mill ( ompany alloys.

and civen a siniil,.r heat treatment.

After h.iviuK' been exposed the s.imiiles vcre brought m. and earelully

freed from rust, and final measurement made as noted in the followmj;

table:-

Table of Particulars of Corrosion Tests of Alloys Utilized in Series

III.

/limrnspini „/;). v I; r„rf l:xt"'iurr WnKhl •'' /'IS.

I

Stimiile
1

Approx-
niiml)"! imati'

of analysis

all.iy

I

I orrnsion or

Di.iTU- Thi. k- .\r.-;i I
Wi^iKlU W.-iulit Loss i,. loss in wiul.l

cti-r nis-' in in uranis in Briinis wi-ii;ln in trams piTs|,

ininis. iii.nis. s.|iiarc liff""- afUT ri- in uranis . iii. of onmn^i,

. nis. ifxiiosun- nioval dili' lo slirfaic jx'i lir.

! of rust lorrusion X 10*

S 25(1 IV W 6 ; 1 1»* (I «U Id "X IS Wl') 14 ')704 O-.^ilS

(el Co .'5

n.iiHt

I

(et- ( (> l)W
chrilli i

H '02 hi- "•' S ',2 7S7 II 4;.« I'l 25 22 2445 21(ilW. 1)02 7')

(al' Co 25

2 755 ;.ll IX 17 . 5(>1S (2 Jl')55 I) (i<i(>.(

2 (I'M) (I-415 14 s.i IK 1622 17 7127 (I 44')5

H 202
ibl

C 21)2

(ai ( o
C

9Q 2

25
4'l

C 202
(b)

C 202
(el

(et-

ihi-ill

S 255
(a)

I-.'

(11

C

gu 4

(5

21

S 255
(h)

S 255
(e)

S 255 ilV W .i
'

(a) Co ,15

;c .10

S 2ft5
I

(b)
I

S 265
,

(c) I

S 265
(d) I

4.S0 0-4,(l) 12 '); 16 0172 15 6251 .('<21

isl 70') 12 24 20 1774 1') XlKs I) .t5S')

2 022 O 46^ 17 17 4152 16 '1154 52"')

2 ')SX .".H 17 42 17 X45t 17 .(42X 51)26

2 7K1 I) .<20 14 '") 14 7667 14 276') () 4S'.S

2 ')40 464 17 XII 24 1)47 ( 24 4600 II 577.1

2 ||1K 640 lu 11 42 670X 41 ')054 7654

I

2 020 6SX 1<) 62 15 2712 41 ,5052 7660

2<)20 660 1<) 55 44 7064 42')452 7712

_>.7.(7 11. 7111 17 ')' 1!) 7')')X 41) U44 676s

512

lOX

1X4

Run liKht in lol-

olir anil f;tirl\-

hard to rrnio\-t'.

Rust fairly livilil

in colour .ui'l

easily rciiioveii

Rust ineditinnlark

in colour and
very tenacious.

Rust licht ill lol

our and f.iirlx'

hard lo reinovt?.

Rust easi]\- re-

. . .jved
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1 Etcheil for microphotourapli. See p. .U)
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' These samplrs w.-re mounted February 4. 1915, at 2..?S p.m.
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(lIKH)
( . , O'OK)
Mil l)'0>'

No. .UIX,-^

I'll

S
V
("

Mil
Cii

("<i

O-Olf)

(lOU
(1 (MX.

o.>,--

1 l^

Nr). .?4iy6 s. . . ... ... 040
r
c

(i(«)8

(11110

Mn
Cl!

<>.()2o

(P4

\f). .U2()4

Co

s

()-6()

O-O"
1» 0' ()()<)

(
Mn
Cii

nolo
0(120
()()20

Co 5S

No. 44()(W s 0'0'S
F 0()08
C OKI
Mn (lots
Cu on
Ni 0-75

Method of Making. AccelcnUvd Corrosion Tests

Thi'se tests wen- niadt- I'ither l)y (a) ininuTsin}; thi- samples in the form
of spheres in a dilute sulphuric arid for a periiKl of 1 hour, and notinij the
loss in weiuht, or, (b) sulmiittiuK them to the intermittent action of dilute
sulphuric acid and the atmospiiere. The acid used for the tests was 20%
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S.impU's Win- iiMil llin>iii;li<>iil in tlu' form of r-|)lu ro> nl .ijntrnximaltly

( Mr. ciu^. >nrl.iir.
, , • •

i

riio iMliriniit.iit (umoii-ii tr>l> wtTf iii.kU' I)V immirMHK the s.inii)lfs

in ilic acid in one ((.nip.Mtnunl of a wocmIiii 1»>\, so .irranuid tli.il llic

-..tnpKs w.n- (ovmd and nncovcivd aiitnm.ilirally l.y tin- lilting (.1 this

l,„x uv.r a knili- I'du*' l'iv->l l.v llic aclinn <.l watrr Irnin llio water ta]).

Tlu- lulls were luld in place at ..ne <.\\i\ <-l the U>\ 1)V jiieces ot Klas> n..,.

\'W ai)paratn- n>ed tnr making these .orro-iun tests consisled ol a

vv.M-den Ih.x al.uni IS" Innj; l.v M" wi.le. with sido ahont .V h.«h I Ins

1».\ wa- disided int.. tv\n lenutliui~e coniparlinenls. ..ne laiKer than the

..ther an.l the laiKer ..n. heiny still Ini tiler dividcl int.. tw.. e(|nal c..in-

parlineiil-. tlii- .livi-ioii luinn air..s> the narn.w way ..I the box directly

ill the middle, the di\ i.linu l..iai.l exleiidini; well al...\i' the edue ..I the

Ih.x. .\eii.ss tlu' ..iitside ..I tin- l.<.tt..ni ..I the li..x. in the nnd.lle. a w<....len

knife edjie was fastened.
i i ,

rhe ..per.ili..n was x.inewhat .is l..ll..ws: the >.inii.K- were i)l.i.ed .i

.,ne en.l ..f the nii.lis i.le.l leiii;tliwiM> c.mp.irtineiit
,

Mipp..rte.l .in.l heUI

in i.l.ice l.v Klass rods, an.l c..vered with th.' c..iT...lin^ solution. I Ins

iinl..il.in(v<l th.' 1...X so th.it it inclined to ..ne side, keeping the s.anpes

under tli.' s..lntion until the l.ox w.is tilte.l to the ..pix.site si.le. I his

tilting \N.i> .icc..inplishe.i l.v o|H'iiinn the w.iter tap ahove the c.rrosK.n

l.,,x which .ill..wed the stre.ini of water t.. run into the hi,i;h si.le ..I the larne

divide.1 c..ini..irtni.iit, tin. I..iii« the en.l ..i.p..site t.. the ..ne in whi.li the

sanil)les weiv pl.ice.l. .\s s<...n ..s this conip.irtment w.is Millicieiitly till

of w.iter t.. ..xiihalance the weiulit of the corrodniK s..lnti..n an.l the s,iinple>.

the I...X tilt..l. c.insin« the solution t.. How .iw.iy lr..ni the samples, .in.l .it

the -.ime time dire, tin i stiv.iin ..f w.iter In.ni tlu- tap. l.v means oi the

exteii.led .livi.linn l.o.i.M. int.. the ..tiler c.inp.irtinent. which .i^.iiii tended

I.. overl..il.iii. e the I...X .in.l c.iiim- it t.. a>sinne its orii;inal |«.sition.

in the en.l ..f e.i> li "f tl'f water c..in|)artinents. jiist .il.ove th.- w.iter

line, ..r the line to wlii.h it w.is nee.ss.iry lor the w.il.r to rise to over-

l..il.iiu.' tlu- l...\. a li..l»' w.i> m.i.le which .ill..wed the w.tter to run out .liter

it h.id l.e.'n ..Nerlul.ince.i On .icconnt ..f the extr.i w.ikIh <'] ll'': s.nnples

and d.i-s r...l,^ it w.is ne.ess.irv to have this w.iter line l.iirly hii;h. tints

re.niiriiin an .iut..m.il-c svphoii, ciisistiiiK <'f a Lent i;l..s> tui.e inserte.l

into til.' li..le. .111.1 toli.hinu the l.olt..m ..I the l.ox, t.. .Ii.iin c..mi.l.'tely.

Th.' .iclioii ..f tlu' I...X W.IS ma.le e.ventric. l.v ..tt.ichmv; t.. ..ne si.l.' ..I the

w.it.r-.livertin^ l.o.ir<l .1 small tronuh. wliidi c.nne.l aw.iv mt.. the sink

m..st ..f the w.il.r llowiiiK !>""« l''*" <•'!> "" •''" -'•''•• , '""' « -""P-"-tim'nl ""

this M.le ..f 111.- l.o\ w,is hll.'.l l.v the water, which .Ir-.pp.d thr..ni;li holes

ma.le in the lr..nv;h f..r this pnrpoM'. Hie stream from the l.ip and lhe>e

holes were so ,i.l.iiist.-.l tli.it .1 ...mplete i.eri...l ..I the 1...X w.is al.oni ..ne-

h.ilf hour.

Ai((linil((l Corrosion Mtiisiirrwiiits

On M.iy 21. 1'>1 t. tlie .iverage .limeiisinii of the ^phere> l.elore corn.sion

W.IS found to lie .is lollows:

Wtichi in I-J.Ml I ..^> l.ixs in wfi^tit

Slllll'l'- Di.im.ti' Stllf.ii'* 111

ti.rr «oi-
IiiMnli

wfii:lii 111

wriuht
IMT S.J. . 111. oi

Niinilx't III 1 III^. -1. ' III-

uriiiu'* 111 uT.iins IM'T Iintit

.1H7S f .'hSU 7 '»=».•

7 KUS
7 l.'l

7 * ; 'p

U vf.7

7 .H7 7.S

U 7 7.Ml

7 ywis
(1 OISS
H 01f>7

(1 tMI'U.

MIXS

1 »l«t'>

1 .M-'d

1 ISM

1 I'».*S

r. 7-Sl
(> (.III) i DM-'

(1 (»ti-_'

ItO.M \

IM)117
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Oiiriiii; tile coiirsi' (if tluM' cxiHTiimnls, llic 5 >|)lnn-. were cmcIi

imnuTM'd in t lie acid lor 54 iiiimilo, .ind cxpoM'il lo llic .lir w illiiii I lie mom
of (lie l,iliiii',tl<ir\' lor 5 lioiir> .iiid 5 tiiintitcs. TIum' pcrindr- nf iiiinu'r>ii>ii

•ind exposure were cicli divided into 12 .ipproxiiii.iIeK e(|i:.il intei\.ils,

the tweKc 4'.-niiliiite iiiiniersioiis. willi the lorrespoiidillK tweKc i \posiiie>,

('oi)stitiilin^ tlie corio^ioii test.

In cohiiiiiis 5 .111(1 <i of tlie .dioxc l.ilile .ire ^ivcii the I'lii.d w . iuht in

^;r;inis, alter the corrosion list and corri>|)ondin); lo>> in weiylii.

A I'heck was run of the .iliovc corrosion test .is indic.iletl in llie follow ini;

t.d)le:

iM.iv _>(., I<)14.)

Saiiiult*

NiiinlHT

Ml 7 =

MIKS

MlOh

44ll(l<>

I

U'l-ithi ill

Di.ttnrt.-r Siirf.i.i- in yr.irits In-,

in I MIS. s(|. , m^. ' fun- inr-

7 4-'

I

7 .f7(.

(. S(i7

7 Sir'

(. 7^^n

s us I

l-"in;il

wi-iiiht

s «m
7 sii'

tt 7 *sf»

(. <i ',' •

> 11(11

\\ -uht
" m.itii

ti|r>r»

<)|.<«i

HI tl

(MV

(Ml.'J

l.iK'; in wt iuht
;i.-I .1.1. . Ml. .if

.\|«.M.il ^iiif.i.r

;.r hi.iir

a IMl.'.f •

n IMI.'^d

;. (Ml,M(»

tl IHt ' "I

II oi.'li.

It will !)(• seen from the .iliovc t,iiile>, tli.il tin- two set > of me,i--nrenient-

auri-e MTX' well .iillonj; themxlses, ,miiI th.il the oiiKt of p.i-—i\it\ of the

alloys is as follows:

44(Kt<)

•Ul'X)

.VI 21 14

.U175

.UIS.S

I'or comparixin ol the al)o\e, the st.ind.ird sulphuric ,i id .icceler.ited

corrosion test w.is run with the modilied one just described. These tests

were ni.ide \>y immersiniL; the I'inc >.iniples .iliovc desi rihed in 20'
, -ulphuric

.icid contiiiuoiisK for ,S4 niiniile~. Tiie following; t.il)le i;i\e-. liie results:

Siinipl.'

\iliiiln-r

W.
Im-I

IL-Iil in Kt

It., tiniii'-

1111^

slim

i

W.
.lit

irht in I'.f

t itiinici ton
1

1 MSS 111 Uliclll

in ^T.ini-^

I
.<-- 111 \\ 11 I'll! Ill i;r.

\H-. ~1 . Til lit .\1K»-

-ililitif ift hoiii

Ill'*

.MI 75 X l.'7.1 s tju II IKKX II III i( 1 '. <

Mis; 7 SlillS 7 S5f.'i (1 <Hii'i o nn(i>^

MI'K. (> 75.S4 r. ,^^, II tMi;, n IIIIU4M

U.MM tl fi4ll! tiMlfi fK>{4 n (MHiSl

44(HI<I ; 1514 5 M'lS
i

n iinid II niKL'r.
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A clii'ik nm mi tliis rorrosion test, idriitical wilh llir ;it)(ivi'. was made
with till" ftiUowiii.n ri>ull>:

Sample
NumtM-r 1 lif

iillit in ur.n
itn- nnni't^i '11

U.
.ift

I

i:ht in tTiini-*

r itntii.T-Jiiu

8 il'>')

I ii-i^ til uiii;lit

III cr.in-

IXMfi

l.n-i-i in w>-ii;li! in i:rain'*

1 111. (it r\IN>^i''I

iM' ;ht hour

HITS It i»(«t'.?

Htss ; »5<.i> 7 s^l,' ihh; II 1 M M 1 > t

.MI'Ml I. 7^5; (. o*(» (MMIi7 It IHHlt(t

.M.'II4 (1 liV<t> (. f.*: t O (HMi 11 IIIIO>ll

IIINI<> S MUX S UKt 1) («H5 IKH)> t

Tlusc l\\(i If^ts aKiic willi oiu' aiiDllur, and sliow llir ordtidl pas>i\it\'

<il llif all(i\s l() !»• .IS lolldws:

44(M)'>

.UI'H.

.U2()4

.?4175

,^4185

('oik liisioii

If thcsf aticlcralcd lornisidii lists could lie relied upon .is aciiinilely

reproducing atmospheric i oiiditions, it would he clear that the addition

of monil met.il to Aiiierii.in in^ot iron, to the extent of .iliollt 1'
, ,

|)rodiices

a more noii-corrosi\e .illo\ for sheit rootiilK m.iteri.ils than the addition

of simil.ir sm.ill peni'iit.i^es of coh.ilt.

This t\pe of corro>ion test shows the .illoy conl.iinini; (I ()!!'
, Co l.i

he more noii-i orrosivc th.in either the one cont.iinini^ more 1 1 1 S'
, ( oi

or the one coiit.iininj,; less (U-,^5', Co).
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CORROSION TKSTS. AMKRICAN IN(.()T IRON Al.i.OVS IN TMH
FORM OF SHKF.T-ROOFINC. MATFRIAl.S.

In addition to the numerous corrosion experiments on discs of liie alloy

al)<)Vf mentioned, there were atmospheric corrosion tests made on sheets
of these alloys under service conditions.

Pure cobalt of the analysis shown on pa^e 5 was sent from this hihor-

atory to the American Rolling; Mill ("ompan\-, Middli'town, Ohio, I'arly

in 191,?. It was arranged to make up charges in their four-ton exi)erinu'nt,d

furnace, such as could l)e rolled into full-sizi'd rootinj; sheets to he suhjecti'd

to the usual corrosion tests. Three such cohalt alloy sheets were sent to

this laboratory, together with a run similarK' pri'pared, using monel metal
in place of cobalt and a sheet of standard American ingot iron for com-
parison. These sheets were M)" by 96" in dimension.-; and No. 26 gauge
(00188" in thickness). All of these sheets were received in du()licale.

A nalyses

Following are the analyses of the above mentioned sheets.

Analyses of Sheet Roofing Materials

.American
InK"t Iron

.U175

k; Co .Alloy

J41S.'i

60'; Co .Alloy

34196
,t.S', Co .\lloy

.H204
f, Mnn.-l M.tul

440O<)

S 026 s (H4 S 040 s 0(122 S 02.'!

P CIW p (K)6 P 00.S P <)0<» P <HIS

C 010 c Ol.i c 010 c 010 (. (110

Mn 022 M T 017 Mn OJO Mn 020 .Mn (ll.S

Cii 016 Ci 02S Cu 024 Cu 020 Cu 0-24

Co 1 IX Co 0'60 Co .t.S Ni 75

These five sheets were mounted side by side on a wooden frame built

to support them. They were exposed in a plane making 60 degrees with
a horizontal. They have been corroding since March 18, 1914, and since
that time photographic and \isual observations have been made at regular
intervals.

it will take at least another year for these sheets to corrode through
to destruction, before which time no final conclusions can be drawn. I'p
to this time it would appear, however, that the lf)ss of weight of the I'l
cobalt alloy, and of the 0-60'

J
cobalt alloy, was less than that of the others.

I?oth of these have formed a very hard, dense, tenacious, protective coating.

While there may be some tloubt as to which is the least cornnled
sheet of the three; the l'", cobalt alloy; the 0-6()'; cobalt alloy; or the
1'',' monel metal alloy, there can be no doubt as to the fact that all of these
three are far superior in non-corrosive action to the sheet of pure .American
ingot iron, or to the sheet containing 0-35''( cobalt alloy. The i)ure

-American ingot iron sheet is the most corrwied to date.

Following are diagrams i to vii, containing F"igs. 1 to 50, these being
graphs lor the purpose of visualizing the foregoing data. From the datr
and graphs, the following general conclusions may be drawn.
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{.KNKKAI. CONC I rSIONS

1. Tlu' cnrror-itm <ir l(i>s nf wiM^ht in v;r.mis per s(|uan' cfiiliini'tr'

(if ori^iiii.il >iirl.icc |kt Imiir, i> .i ftinctiuii of ilu- lt'ii^;tli ol i'X|«)><uri', lu'inj.;

li'ss for till' luiiyiT cxiMisiiro. riti> i> true, in part at It'ast. lu'caiisi' of tlic

prnpii-t\- of tlu>f allo\s t<i form .i Mlf-prolcctinii; layer or foatinn.

2. 'i"lu' >;rai)lis rfprt'scnlinn Serir^ I and II >]\i>\\ rfn)ark.il)li' siniilarilN

of form. Tlu'M' M'rii's wiTr for in<!('p( ikU-di (orro>ion> of liif s.imc set of

samples, 'riierefori', siuli irrennlarities as appear in general, ari' pr()l)al)i>'

due not to micertainlies of miMsurement. iuit lo lack of control of the

plusica! sinictiire of the alloys in |)rep.iration.

.<. Till' allov's formed l)\' the addition of small perci'nlan»'s of copper,

nickel, and cohalt (from ()-2.^' , to ,?l)' , ) to .Amerir.m inyot iron, are more
ri'sistant to atniosi)heric corrosion than the pure .American in^ot iron,

from which the allo>s were prep.ired.

4. Considerint; the dat.i for alloys formi'd l)>' adding various amounts
of colialt (from 0-25', to ,?•()',) to .American ingot iron, with very little,

if any, carbon content, it is ap|)arei)t that the corrosion is not a simple

function of the |)eri'i'ntage of cobalt content. In gi'iieral. the corrosion

of the allo\s formed by the addition of V ', of cobalt to American ingot

iron, is about 75' ,' as great as that of the alloys formi'd by the addition

of t)-.S', of cobalt.

5. AUovs formed bv the addition o f ()-2.S', to .?•()'; cobalt to

American ingot iron, with very little, if anv', carbon content, are corroded

in the atmosphere to an I'Xtent varving between .SO' ,' and ~S' ', of that of

the pure American ingot iron, from which the allovs wiTe prei)are(l.

(). ("{inclusions 4 and .S are, approximately, as true for the corre-

sponding nickel alloys as for the cobalt allovs. There seems to be very

little choice between the use of nickel and cobalt to form allovs with

.American ingot iron containing between U-2S'
i and ,?•()',' of the added

metal for the prevention of corrosion. This is true so far as the disc tests

show, but with the exception noted ii' conilusion 7.

7. .As corrosion progresses, all the alloys prepared form self-protective

coatings of oxitles. It is noticeable throughout, that the oxides forme<l

by the cobalt are darker, denser

by the other alloys.

8. The et^ect of peventin,
tioned in conclusion 7, does not s

tage of cobalt alloys, in spite ol

•e tenacious than those formed

.)f the |irotective coating men-
• worked greatly to the advan-
satisfartory appearance, in the

length of time that the ,ibove expeniikiiis weri' allowed to run.

9. In order to finally conclude the possible ultimate advantages of

the cobalt alloy protective coating, as compared with the other sheets,

all of the alloys should be allowed to corrode to destruction. The results

of such tests, as discussed in the text abov e, will be published later.

10. The addition of copper to .American ingot iron to an extent between
0-2,S''; and ()-7.S'^,, seems to be conducive to reducing the corrosion of

.American ingot iron under atmospheric conditions. It is difficult to say

whether or not the addition of copper in these amounts has a greater or

lesser effect than the corresponding amounts of nickel or cobalt. .Addi-

tional experiments will be re(iuired to determine these facts, but there can

be little doubt that, the addition of copper, as above reported, diminishes

the corrosion of the pure -American ingot iron.

11. The amount of corrosion varies with the percentage of carbon

in the alloy, as would be expected, and as may best be seen by reference

to the graphs.
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Uuiin^; llic loiirM' <>i m.ikiiiK llu' lainv miiiil)ir ..I ul)^irv.lll«m> r-il

lorth in this papir, which fxtfiukd over a iKTiiKJ ol >eviral yiar>, tlu'

authors win- from tinif to tinif assisted i)y Mr. C. M. Harpir. U.starch

Laboratory, (Jikliis rnivir>ity, Kinnsion, Ont.. now IVolissor. Moos.jaw

ColloRi-. Saskatchewan : and Mr. Walter I. S„ -11. Research Lai)oratorv,

(Jucens Iniversity, Kingston, Ontario, now Metals Department. 1
)eloro

Mininj; and Reduction Company, Deloro, Ont.irio.

The author> wi>h, herehv, to ackno\\le<l:.;e their indebl.ilne-.-. to llu>e

Heiitlemen, and as well to Mr. R. C Wilcos. Research Lahoralory. Oueen-

I'niversitv, Kinnstoii, ()ni,irio. now analyst. The I'.xolon Comijany, Thorold.

Ontario, l)v whom most ol the analyses reported in this pa|)er were made.
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Report on—by Friti Cirkel, M.E.

24. General report on the mining and metallurgical industries

1907-8.
Canada,

US. The tjngsten ores of Canada Rciwrt on—by T. I.. Walker, Ph.D.

26. The mineral production of Canada, 1906. .\nnual report on—by
John McLeish, B.A.

t27. The mineral production of Canada, 1907. Preliminary report on

—

by John Mcl.cish, B.A.

t27a. The mineral production of Canada, 1908. Preliminary report on

—

by John McLeish, B.A.

t28. Summary report of Mines Branch, 1908.

29. Chrome iron ore deposits of the Eastern Townships. Monograph on

—

by Fritz Cirkel. (Supplementary section: Experiments with

chromite at McCill I !niversity—by J. B. Porter, E.M., D.Sc.)

30 Investigation of the peat bogs and peat fuel industry of Canada, 1908,

Bulletin No. 1—by Erik Nystrom, M.E., and A. Anrep. Peat Ex-
pert.

32. Investigation of electric shaft furnace, Sweden. Report on—by
Eugene HaancI, Ph.D.

47. Iron ore deposits of Vancouver and Texada islands. Report on—by
F^inar Lindeman, M.E.

tS5. The bituminous, or oil-shales of New Brunswick and Nova Scotia;

also on the oil-shale industry of Scotland. Report on—by R. W.
Ells, I.L.D.

t Publications ma"-!":j thus t are out of print.
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Jg. Tlic mineral prwliiitlon of Canada ITOi and 1908. Annual report

on—by John Mcl.eisli, HA

fjoTE.

—

The joilmiiint parts T.ere sfparateiy printed and isiued in

advance of the Annual Hi port ',„ 190/ -i)S.

tJI. Production of cement in V anada !
«' •

142. Production of iron and itecl in Caiiiil . during the calendar

year* 1907 and 190.v

43. Production of chromitc in Canada durinjj the cilcndar yearn

1907 and 1908.

44. Production of asln'sto-i in Canada during the c.ilendar years

vu( and 190.S.

t45 . v tion of coal, roUe, and [ic.it in Canada during the cal-

fidar year. 1907 and 190.S.

46, Production of natural gas and ,)rlri)leum in Canada during

the calendar years 1907 and 19(KS.

59. Chemical analyses of speci.il economic importance 'i.nle in the lalior-

atorics at the Deiurtment of .Miii's, |90()-07-(lS. Rcimrt on— l>y

F. C>. Wait, M..\., r.C.S. (With .\p|R;ndix on the commercial

methods and apparatus for the analysses of oll-shales—by II. A.

Leverin, Ch.K.)

Schedule of charges for chemical analyses and assays.

t62. Mineral prmluction of Canada, 190"). I'tuliminary report on—by
John .McLeish, tt.A.

63. Summary report of Mines Branch, 19l)')

67. Iron deposits of the nristol mine, Pontian county, Qucl)ec. Bulletin

No. 2—by Einar l.indeman, M.E., and (leo. C. .Mackenzie, B.Sc.

t68. Recent advances in the construction of electric furnaces for the pro-

duction of pig iron, steel, and zinc. Bulletin No. 3—by Eugene

Haanel, Ph.D.

69. Chrvsotile-asbestos: its occnrrtncc, exploitation, milling, and uses.

Report on—by Fritz Cirkel, M.E. (Second edition, enlarged.)

t71. Investigation of the peat bogs and peat industry of Can.Ml.i, 1909-1(1;

to which is appended Mr. Alf. Larson's paper on Dr. M. Ekenbcrg s

wet-carbonizing process: from Teknisk Tidskrift, No. 12, Dccem-

jer 26, 1908—translation by Mr. A. Anrcp, Jr.; also a transla-

tion of Lieut. Ekelund's pamphlet entitled "A solution of the peat

problem," 1909, describing the Ekelund process for the manu-

facture of peat powder, by Harold A. Leverin, Ch.E. Bulletin

No. 4—by A. Anrep. (Second edition, enlarged.)

t Publication! marked thin t are out of print.



82. Magnetic concentration experiments. liulletin No. 5—by Geo. C",

Mackenzie, U.Sc.

83. An investigation of the coals of Canada with reference to tlieir economic
qualities: as condncted at Mct'iill University under the authority
of the Dominion Government. Report on—by J. B. Porter,

E.M., D.Sc, R. J. Durlcy, Ma. K., and otiicrs.

Vol. I—C"oal washinp; and coking tests.

Vol. 11—Boiler and gas producer tests.

tVol. Ill-
Appendix I

Coal washing tests and diagrams.

tVol. IV—
Ap|)en<lix II

Boiler tests and diagrams.
tVol. \—

.•\p()endix 1 1

1

Producer tests and diagrams.
tVol. VI—

Appendix IV
Coking tests.

Appendix V
Chemical tests.

tS4. Gypsum dcimsits of the M.'ritimc provinces of C.inada—including the

Magdalen islands. Report on—by W. !•'. Jennison, M.K. (See

No. 245.)

The mineral i)roduction of Canada,
lohn McLeish, B.A.

1909. .Annual report on—by

N'oTi;.

—

The folUming pints uere separately printed and issued in

advance of the Annual Report far 1909.

t79. Production of iron and steel in Canada during the calendar
>ear 1909.

180. Pro<luction of coal and coke in Canada during the calendar
year 1909.

85. Production of cement, lime, clay products, stone, and other

structural materials during the calendar year 1909.

89. I'roceedings of conference on explosives. (Fourth edition).

90. Reprint of presidential address delivered before the American Peat
Society at Ottawa, July 25, 1910. By Kugeiic Ilaanel, Ph.D.

92. Investigation of the explosives industry in the Dominion of Canada,
1910. Report on—by Capt. .\rthiir Deslmroiigh. (Fourth
edition).

t93. Molybdenum ores of Canada. Re|x)rt on—by Professor T. I,. Walker
Ph.D.

HO. The building and ornamental stones of Canada: Building and orna-

mental stones of Ontario. Reiwrt on—by Professor VV. A.
Parks, Ph.D.

t Publications iiuirkeil thus f art* out of print.



1()> Mineral proiluction of Caiuuki, 1910. I'rclimiii.iry rrpurl on— l.y

John MiI.eish, li.A.

tl03. Summary report of Mines IJranch, 1910.

104. CataloRUe of publications of Mines Hrancli, from 1902 to 1911; con-

taining tables of contents and li-its of maps, etc.

10=! Austin Urook iron-bearing district. Report on—by IC. l.iiideniaii

M.K.

1 10 Western portion of Torbrook iron ore deposits, .\nnapolis c onnty
,

N.S.

liulletin No. 7—by llowells Frechette, M.Sc.

111 Diamond drilling at Point Mamainse, Ont. liulletin No. (>—
1 y A. C.

Lane, I'h.I)., with introductory by .\. \V. ( .. W dson, 1 li.l).

118 Mica: its occurrence, exploitation, and uses. Report on— by Hugh

S. de Schmid, -M.K.

142. Summary report of Mines Uranch, 1911.

14? Ihc mineral production of Canada, 1910. Annual leport on—by
John .Mcl.eish, H.A.

Son'.—The foUowinz purls -iccre separaldy printed and issued in

luhiinre of the A nnual Report for toil).

tll4. Production of cement, lime, clay products, stone, and other

materials in Canada, P'lO.

tUi l'ro<luction of iron and steel in Canada dunug the calendar

year 1910.

+ 116 Production of coal and coke in Canada durmg llie calendai

year 1910.

tll7. C.eneral summary of the mineral production of Canada during

the calendar year 1910.

145. Magnetic iron sands of Natashkwan, Saguenay county, Que. Report

on—by C.eo. C. Mackenzie, BSc.

tl50 The mineral production of Canada, 1911. Prelimin.iry report on—
by John .Mcl.eish, 15. A.

151. Investigation of the peat bogs and peat industry of Canada, 1910-11.

liulletin No. S-by .\. Anrep.

154 The utilization of peat for fuel for the i)roductiou of power, being a

record of experiments conducted at the Fuel Testing Station,

Ottawa, 1910-11. Report on—by li. V. llaanel, li.Sc.

167. Pyrites in Canada: its occurrence, exploitation, dressing ami uses.

Report on—by A. W. C. Wilson, Ph.D.

170 The nickel industry: with special reference to the ^^i»jl"iry roi;i.iii.

Ont. Report on—by Professor A. P. Coleman, I h.l).

f Publications marked thus t ^ire out of print.



184. Magnetite occurrences along the Central Ontario railway. Keport
on—by E. Lindeman, M.E.

201 The mineral production of Canada during the calendar year 1911

Annual report on—by John McLeish, B.A

Note.—The following parts were separately printed and issued in

advance of the Annual Report for 191 1.

181. Production of cement, lime, clay products, stone, and other
structural materials in Canada during the calendar year
1911. Bulletin on—by John McLeish, B.A.

tl82. Production of iron and steel in Canada during the calendar

year 1911. Bulletin on—by John McLeish, B.A.

183. General summary of the mineral production in Canada
during the calendar year 1911. Bulletin on—by John
McLeish, B.A.

tl99. Production of copper, gold, lead, nickel, silver, zinc, and
other metals of Canada, during the calendar year 1911.

Bulletin on—by C. T. Cartwright, B.Sc.

t200. The production of coal and coke in Canada during the calen-

dar year 1911. Bulletin on—by John McLeish, B.A.

203. Building stones of Canada—Vol. II: Building and ornamental stones

of the Maritime Provinces. Report on—by W. A. Parks, Ph.D.

209. The copper smelting industry of Canada. Report on—by A. VV. G.
Wilson, Ph.D.

216. Mineral production of Canada, 1912. Preliminary report on—by
John McLeish, B.A.

222. Lode mining in Yukon: an investigation of the quartz deposits of the

Klondike division. Report on—by T. A. AlacLean, B.Sc.

224. Summary report of the Mines Branch, 1912.

227. Sections of the Sydney coal fields—by J. G. S. Hudson, M.E.

t229. Summary report of the petroleum and natural gas resources of Canada,
1912—by F. G. Clapp, A.M. (See No. 224).

230. Economic minerals and mining industries of Canada.

245. Gypsum in Canada: its occurrence, exploitation, and technology.

Report on—by L. 11. Cole, B.Sc.

254. Calabogie iron-bearing district. Report on—by E. Lindeman, M.E.

25". Preparation of metallic cobalt by reduction of the oxide, keport on

—

by H. T. Kalmus, B.Sc, Ph.D.

t Publicationj marked thus t are out of print.



262. The mineral production of Canada during the calendar year 1912.

Annual report on—by John McLeish, B.A.

Note.—ThefoUowi parts were separately printed and issued in

advance of the Annual Report for 1912.

238. General summary of the mineral production of Canada
during the calendar year 1912. Bulletin on—by John
McLcish, B.A.

t247. Production of iron and steel in Canada during the calendar
year 1912. Bulletin on—by John McLeish, B.A.

t2S6. Production of copper, gold, lead, nickel, silver, zinc, and
other metals of Canada, during the calendar year 1912

—

by C. T. Cartwright, B.Sc.

257. Production of cement, lime, clay products, stone, and other
structural materials during the calendar year 1912.

Report on—by John McLeish, B.A.

t258. Production of coal and coke in Canada, during the calendar
year 1912. Bulletin on—by John Mcl.eish, B.A.

266. Invcstig.ition of the peat bogs and |ieat industry of Canada, 1911 and
1912. Bulletin No. 9—by A. Anrep.

279. Building and ornamental stones of Canada—Vol. Ill: Building and
ornamental stones of Quebec. Peport on—by W. A. Parks,
Ph.D.

281. The bituminous sands of Northern Alberta. Report on—by S. C.
Ells, M.E.

283. Mineral production of Canada, 1913. Preliminary report on—by
John McLcish, B.A.

285. Summary report of the Mines Branch, 1913.

291. The petroleum and natural gas resources of Canada. Report on—by
F. G. Clapp, A..M., and others:

—

\'ol. I—Technology and exploitation.

Vol. II—Occurrence of petroleum and natural gas in Canada.
Also separates of Vol. II, as follows:

—

Part 1, Eastern Canada.
Part 2, Western Canada.

299. Peat, lignite, and coal: their value as fuels for the production of gas
and power in the by-product recovery producer. Report on—by
B. F. Haanel, B.Sc.

303. Moose Mountain iron-bearing district. Report on—by E. I.indeman,

M.E.

305. The non-metallic minerals used in the Canadian manufacturing indus-

tries. Report on—by Howclls Fri'chette, M.Sc.

309. The physical properties of cobalt. Part II. Report on—by H. T.

Kalmus, B.Sc, Ph.D.

t PublicatioDS marked thus t are out of print.
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320. Thf mineral prcwluction of Canada during the calendar year 1913.

Annual report on—by John Mcl.eish, H.A.

jjOTE.

—

The foUou'inn parts -j-'ere separately printed and issued in

advance of the Annual Report for 19 1J.

315. The production of iron and steel during the calendar year

1913. Bulletin on—by John MiLeish, B.A.

t316. The production of coal and coke during the calendar year

1913. Bulletin on—by John McLeish, B..A.

317. The production of cop[)er, gold, lead, nickel, silver zinc,

and other metals, during the calendar year 1913. Bulle-

tin on—by C. T. Cartwright, B.Sc.

318. The production of cement, lime, clay products, and other

structural materials, during the calendar year 1913. Bul-

letin on—by John Mcl.eish, B..-\.
r ^ ,

319. General summary of the mineral production of Canada

during the calendar year 1913. Bulletin on—by John

Mcl.eish, B.A.

Economic minerals and mining industries of Canada. (Revised

Kdition).

The products and by-products of coal. Report on—by Kdgar Stans-

field, M.Sc., and F. K. Carter, B.Sc, Dr. Ing.

322.

323.

325.

331.

333.

334.

336.

338.

344.

346.

351.

384.

The salt industry of Canada. Report on—by L. H. Cole, B.Sc.

Report on— byThe investigation of six samples of Alberta lignites

B. F. Haanel, B.Sc, and John Blizard, B.Sc

The mineral production of Canada, 19!4. Preliminary report on-
by John McLeish, B..A.

Electro-plating with cobalt and its alloys. Report on—by II. T.

Kalmus, B.Sc, Ph.D.

Notes on clay deposits near McMurray, Alberta. Bulletin No. 10—

by S. C. Ells, B.A., B.Sc.

Coals of Canada: Vol. VH. Weathering of coal. Report on—by
J. B. Porter, E.M., Ph.D., D.Sc

Electro-thermic smelting of iron ores in Sweden. Report on—by
Alfred Stansfitld, D. Sc, A.R.S..\I., F.R.S.C.

Summary report of the Mines Branch for 1914.

Investigation of the peat bogs and the peat industry of Canada, 1913-

1914. Bulletin No. 11—by A. Anrcp.

The Mineral production of Canada during the calendar year 1914.

Annual Report on—by John Mcl.eish, B..\.

SoTii.—The follmvina, parts '.cere separately printed and issued

in advance of the Annual Report for 1914.

348 Production of coal and coke in Canada during the calendar

year, 1914. Bulletin on—by J. .Mcl.eish, B.A.



1915. I'reliniiiiary re[)ort on—by

T.

349. Production of iron and steel in (."aiiada diirinR the calendar
year, 1914. Hullctin on—by J. Mcl.eisli, U.\.

350. I'roduction of copper, gold, lead, nickel, silver, zinc, and
other mctai.t, during the calindar year, 1914. Mulletin

on—by J. Mcl.eisli, iS.A.

383. The production of cement, linn-, clay pro(hicts, stone and
other structural materials, during the calendar year 1914.

Bulletin on—by John Mcl.eish, H..'\.

385. Investigation of a reported disco>ery of phosphate at Banlt, .Mbcrfa.

Bulletin No. 12—by H. S. de Schmid, .M.l-:., 1915.

388, The building and ornamental stones of Canada—\'ol. IV: building
and ornamental stones of the western provinces. Report on

—

by \V. A. I'arks, I'h.U.

401. Feldspar in Caaada. Report on—by II. S. de Schmid, M.K.

406. Description of the laboratories of the Mines Branch of the Department
of Mines, 1916. Bulletin No. 13.

408. Mineral production of Canada
John McLeish, B.A.

411. Cobalt alloys with non-corrosive properties. Report on—by If

Kalmus, B.Sc, Ph.D.

413. Magnetic properties of cobalt and of KcjCo. Report on—by II. T.
Kalmus, B.Sc, Ph.D.

419. Production of iron and steel in Canada during the calendar year, 1915.

Bulletin on—by J. McLcish, P.. .A.

421. Summary report of the Mines Branch for 1915.

424. General summary of the mineral production of Canada during ilic

calendar year, 1915. Bulletin on—by John .Mcl.eisli, B.A.

The Division of Mineral Resources and Stalislics has prepared
the following lists of mine, smeller, and quarry operators: Metal
mines and smelters. General list of mines (except coal and metal
mines). Coal mines. Stone quarry operators. Manufacturers of clay
products and of cement. Manufacturers of lime, and Operators of
sand and gravel deposits. Copies of the lists may be obtained on
application.

I.N TIIF. PRESS

420. Production of coal and coke in Canada duringtlie calendar year, 1915.

Bulletin on- by J. Mcl.eisli, B.A.

423. The production of ccnient, lime, clay products, stone and other struc-

tural materials in Canada, during the calendar year, 1915. Bulletin

on—by John McLcish, B..\.

425. The production of copper, gold, lead, nickel, silver, zinc, and other
metals in Canada, during the calendar year, 1915. Bulletin on

—

by John McLeish, B.A.

426. The -'lineral production of Canada during the calendar year, 1915.
• lal re[X)rt on—by John McLcish, B..\.

428. T! luction of spelter in Canada, 1915. Report on —b> Dr. \.
.-. Wilson.

430. The coal-fields and coal industry of eastern Canada. Repcirt on— by
Francis \V. ( iray.



FRENCH TRA NSLA TIONS

971. (26a) Rapport annuel sur les industries minerales du Canada, pour

I'annee 1905.

t4. Ra, ort de la Commission nominee pour etudler les divers procedes

clectro-thermiques pour la reduction des minerals de (cr et la

fabrication de I'acier employes en Europe—bv Eugene Haanel,

Ph.D. (French Edition), 1905.

J6a. The mineral production of Canada, 1906.

John McLeish, B.A.

t2>Sa, Summary report of Mines Branch, 1908.

56,

Annual report on—by

Bituminous or oil-shales of New Brunswick and Nova Scotia; also on

the oil-shale industry of Scotland. Report on—by R. W. Ells,

LL.D.

81. Chrysotile-asbestos, its occurrence, exploitation, milling, and uess

Report on—by Fritz Cirkel, M.E.

100a. The building and ornamental stones of Canada: Building and orna-

mental stones of Ontario. Report on—by W. A. Parks, Ph.D.

149. Magnetic iron sands of Natashkwan, Saguenay county. Que. Report

on—by Geo. C. Mackenzie, B.Sc.

155. The utilization of peat fuel for the production of power, being a record

of experiments conducted at the Fuel Testing Station, Ottawa,

1910-11. Report or.—by B, F. Haanel, B.Sc.

tlS6, The tungsten ores of Canadi'.. Report on—by T. L. Walker, Ph.D.

169. Pyrites in Canada: its occurrences, exploitation, dressing, and uses..

Report on—by A. W. G. Wilson, Ph.D.

179. The nickel industry: with special reference to the Sudbury region, Ont.

Report on—by Professor A. P. Coleman, Ph.D.

150. Investigation of the peat bogs, and peat industry of Canada, 1910-11.

Bulletin No. 8—by A. Anrep.

195. Magnetite occurrences along the Central Ontario railway. Report on

—by E. Lindeman, M.E.

tl96. Investigation of the peat bogs and peat industry of Canada, 1909-10,

to which is appended Mr. Alf. Larson's paper on Dr. M. Eken-

burg's wet-carbonizing process: from Teknisk Tidskrift, No. 12,

December 26, 1908—trar-lation by Mr. A. Anrep; also a trans-

lation of Lieut. Ekelun ' , pamphlet entitled "A solution of the

peat problem," 1909, desLriLiing the Ekelund process for the manu-
facture of peat powder, by Harold A. Leverin, Ch.E. Bulletin

No. 4—by A. Anrep. (Second Edition, enlarged.)

197. Molybdenum ores of Canada. Report on—by T. L. Walker, Ph.D.

t Publications markrd thus t are out of print.



MM. Peat and lignite: their manufacture and uses in Euro|)e. Report on

—

by Erik Nystrom, M.E., 1908.

202. Graphite: its properties, occurrences, refining, and uses. Report on

—

by Fritz Cirkel, M.E., 1907.

204. Building stones of Canada—Vol. II: Building and ornamental stones

of tne Maritime Provinces. Report on—by W. A. Parks, Ph.D.

219. Austin Brook iron-bearing district. Report on—by E. Lindcman,

M.E.

223. Lode Mining in the Yukon: an investigation of quartz deposits in

the Klondike division. Repo.-t on—by T. A. Macl-ean, B.Sc.

224a. Mines Branch Summary report for 1912.

t226. Chrome iron ore deposits of the Eastern Townships. Monograph on—
by Fritz Cirkel, M.E. (Supplementary section: Experiments

with chromite at McGill University—by J. B. Porter, E.M.,

D.Sc.).

231. Economic minerals and mining industries of Canada.

233. Gypsum deposits of the Maritime Provinces of Canada—including the

Magdalen islands. Report on—by \V. F. Jennison, .M.E.

246. Gypsum in Canada: its occurrence, exploitation, and technology.

Report on—by L. H. Cole, B.Sc.

260. The preparation of metallic cobalt by reduction of the oxide. Report

on—by H. T. Kalmus, B.Sc., Ph.D.

263. Recent advances in the construction of electric furnaces for the pro-

duction of pig iron, steel, and zinc. Bulletin No. 3—by Eugene
Haanel, Ph.D.

t264. Mica: its occurrence, exploitation, and uses. Report on—by Hugh
S. de Schmid, M.E.

265. Annual mineral production of Canada, 1911. Report on—by John
-McLeish, B.A.

280. The building and ornamental stcnes of Canada, Vol. Ill; Province

of Quebec. Report on—by Professor VV. A. Parks, Ph.D.

282. Tt- bituminous sands of Northern .Xllyrta. Report on—by S. C.

Ells M.E.

286. Summary Report of Mines Branch, 1913.

287. Production of iron and steel in Canada during the calendar year 1912,

Bulletin on—by John McLeish, B.A.

288. Production of coal and coke in Canada, during the calendar year 1912.

Bulletin on—by John McLeish, B..^.

t Publications marked thus t are out of print.



2SV. Production of cement, lime, clay pro<luct«, atone, and other atructural
materials during the calendar year 1912. Dulletin on—by John
McLcish, B.A.

290. Production of copper, gold, lead, nickel, silver, zinc, and other metals
of Canada during the calendar year 1912. Bulletin on—by C. T.
Cartwright, B.Sc.

307. Cataologue of French publications of the Mines Branch and of the
Geological Survey, up to July, 1914.

308. An investigation of the coals of Canada vith reference to their economic
qualities: as conducted at McCiill University under the authority
of the Dominion Government. Report on—by J. B. Porter,
E.M., D.Sc., k. J. Durley, .Ma.i:., and others.

Vol. I—Coal washing and coking tests.

Vol. II—Boiler and gas producer tests.

Vol. Ill-
Appendix I

Coal washing tests and diagrams.
Vol. IV—
Appendix II

Boiler tests and diagrams.

314. Iron ore deposits, Bristol mine, Pontiac county, Quebec, Report on

—

by E. Lindeman, M.E.

321. Annual mineral production of Canada, during the calendar year
1913. Report on—by J. McLeish, B.A.

41.>. .Annual mineral production of Canada during the c.\lendar year, 1914.

Report on— by J. McLeish, B.A.

IN THE PRESS

292. The petroleum and natural gas resources of Canada.
F. G. Clapp, A.M., and others.

Vol. I.—Technology and exploitation.

Report on—by

306. The non-metallic minerals used in the Canadian manufacturing
industries Reijort on—by Howells Frechette, M.Sc.

310. The physical properties of the metal cobalt. Part 11. Report on—by
H. T. Kalmus, B.Sc, Ph.D.

324. Products and by-products of coal. Report on—by Edgar Stansfield

M.Sc, and F. E. Carter, B.Sc, Dr. Ing.

326. The salt industry of Canada. Report on -by 1.. H. Cole, B.Sc.
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t<). MaKnetonii'tric survey, vi-rtical intensity: Calalmuic mine, HaKot
township, Kcnfrew county, Ontario—by I-.. Nystrom, 19(H.

Scale 60 feet to 1 inch. Suniniary report 1905. (.See Map No.

249)

13. MaRnctometric survey of the Helniont iron mines, Belmont township,

I'ctcrborouKh county, Ontario— liy It. I". Ilaanel, 190^ Scale

60 feet to 1 inch. Summary report, 1906. (Sec Map .N''. 186).

114. Magnctoi'ictric survey of the Wilbur mine, I.avant township, Lanark
county, Ontario—by U. K. Ilaanel, i905. Sc.ile 60 feet to 1 inch.

Sunmiary rcjKjrt, 1906.

t,13. MaRnctometric survey, vertical intensity: lot 1, concession VI, Mayo
township, IlastinRS countv, Ontario—by Ilowells Frechette, 1909.

Scale 60 feet to 1 inch. iSce Maps Nos. 191 and 191a.)

t34. Masnetometric survey, vertical intensity: I'ts 2 and 3, concession

VI, Mayo township, HastinRs county, Ontario—by Howells
Frechette, 1909. Scale 60 feet to 1 inch. (See Maps Nos. 191

and 19lA.)

tiS. MaRnctometric survey, vertical intensity: lots 10, 11, ard 12 con-

cession IX, and lots 11 and 12, concession VIII, .Mayo township,

IlastinRs county. Ontario— by Ilowells Frechette, 1909. Scale

60 feet to 1 incti. (See Maps Nos. 191 and 191a.)

cy of Mcr DIeiie peat bop, Gloucester township, Carleton county,

;md Cum'.erland township, Russell county, Ontario—by En*
Nystrom, and A. Anrep. (.Accompanying report No. .^0.)

*37. Survey of Alfred peat bog. Alfred and Caledonia townships, Prescott

county, Ontario—by I->ik Nystrom and A. Anrcp. (Accom-
paying report No. 30.)

*38. Survey of Welland peat bog, Wainfleet and Ilumberstonc townships,

Welland county, Ontario—by Krik Nystrom and A. Anrep.

(Accompanying report No. 30.)

•39. Survey of Newington peat Irog, Osnabruck, Ro.<borough, and Cornwall

townships, Stormont county, Ontario—by Erik Nystrom and A.

Anrcp. (Accompanying report No. 30.)

•40. Survey of Perth peat bog, Druminond township, Lanark county,

Ontario—by Erik Nystrom and A. Anrep. (Accompanying
report No. 30.)

t41. Survey of Victoria Road peat lx)g, Bexley and Cardcn townships,

Victoria county, Ontario—Erik Nystrom and A. Anrep. (Ac-

companying report No. 30).

•48. Magnetometric survey of Iron Crown claim at Nimpkish (Klaanch)

river, Vancouver island, H.C.—by E. Lindeman. Scale 60 feet

to 1 inch. (Accompanying report No. 47).

Note.— I. Maps marked thus * are to be found only in reports.

2. Maps marked thust have been printed independently of reportt, hence can

be procured separately by applicants.
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•49. Magnetometric survey of Weitern Steel Iron claim, at Sechart.
Vancouver wland, U.C—By K. Lindeman. Scale 60 (eet t^ 1 inch
(Accompanying report No. 47.)

•S3. Iron ore occurrence*, Ottawa and I'ontiac countie». Quebec, 1908—by
J. White and britz Cirkcl. (Ac ompanying report No. 23.)

•34. Iron ore occurrencei, Argenteuil county. Quebec, 1908—by Frita
-irlcel. (Accompanying report No. 23.) Out of print.

t57. The productive chrome iron ore district of Quebec—by Friti -I
(Accompanying report No. 29.)

t60. Magnetometric survey of the Bristol mine. I'ontiac county, Quebec-

report Nd"67T '
^'''' ^"" '"' '" '

'"''^' (Ai;companying

t61. Topographical niap of Bristol mine, Pontiac county, Quebec—by K

No 67*?"' ^"" '**'' '° '
'"'^''' (A'^<^°'"Pa"y'"8 repoft

t64. Inde-: map of Nova Scotia: Gypsum—by W. F. Jennison.

t65. Index map of New Brunswick: Gypsum—by W. F. Jenni-

t66. Map of Magdalen islands: Gypsum—by \V. F. Jennison.

.

(Acconi-

,

panying
report
No. 84).

(Accom-
panying
report
No. 71.)

(Out of

print.)

t70. Magnetometric survey of Northeast Arm iron range, Lake Timaeami
Nipiss.nK district, Ontario—by E. Lindeman. Scale 200 feet to 1
inch. (Accompanying report No 63.)

t72. Brunner peat bog, Ontario—by A. .\nrep.

t73. Komoka peat bog, Ontario— " "

t74. Brockville peat bog, Ontario— " «

t7S. Rondeau peat bog, Ontario— " "

t76. Alfred peat bog, Ontario

—

" "

t77. Alfred peat bog, Ontario, main ditch profile—by A. Anrep.J

t78. Map of asbestos region. Province of Quebec, 1910—by Fritz Cirkcl
scale 1 mile to 1 inch. (Accompanying report .No. 69.)

t94. Map showing Cobalt, Gowganda. Shiningtree, and Porcupine districts—By L. H. Cole, (.\ccomp.inying Summary report, 1910.)

t95. General map^of Canaaa. showing coal fields. (Accompanying report

t96. General map of coal fields of Nova Scotia and New Brunswick. (Accompanying report No. 83—by Dr. J. B. Porter.)

t97. General map showing coal fields in Alberta. Saskatchewan, andManitoba. (Accompanying report No. 83~by Dr. J. B. Porter.)

Note.— 1. Maps marked thus • are to lie found only in reports.
2. Maps marked thuj t have been printed independently of reports hence canbe procured separately hy applicants.
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t1f>7.

tl08.

98 General nuip of toal (tM* in Hrif Ish ColiintliU. (Accompanying report

No. «.»—by lit. J. ». Porter.)

t99 Ceneral map of coiil fwM in ViiUon Territory. (.Xr.onip.inyinK rcixjrt

No. Si— liy Dr j. H. I'ort.r.)

106. GeoloRical map of A'ntin llioolj iron.|)earinK .li,trict, ll.itlinrsf town-

.liip. <iloiui'»tcr county, N .».— I>y I.. I.iifl('".,.n. S.1'2 40() feet

to 1 inili. (AccompanyinK re|)ort No. 105 )

MaKnctomctric siirv.v, vertical intensity; Aiut.n llro<)k iron-lwaring

district—l.y K. I indcni.ui. Scale 4(H) feet to 1 inch. (.Xccom-

panying reiwrt No. 105.)

Inilox map sliowinR iron-ljearinu area at .\ustin Urook—Iiy K. I.in<l«-

man. (.\ccomp.inyinK reiwrt No. 105.)

•112 Sketch plan showinR kcoIorv of I'oint Ni.imainse, Out.— I.y I'lofi »»or

A l l.ane. Sc.ile 4,0(10 feet to 1 inch. (.Vcomiwnying re|x3r(

No. ill.)

tlB Holland pe.
' Ikir Ontario—l>y A. Anrep. (.Xccompanying report

No. 1

•U9-U7. Mica: township maps, Ontario and (Jiicbec—l>y IIiiRh S. )•

Scliinid. (.AcconipiinyinR report No. U.S.)

tl38 Mica- showinR location of principal mines ami m, .irrences in the
"

' OiicU'C mica area—by 11" ;li S. de Scliniid. Scale .*-95 milen :o

finch. (Accompan> ing ri iH)rt No. US.)

tl39 Mica: showinR location of principal mines and occurrences in tfe.

Ontario mi.a area—by lliiRh S. de Sdnnid. Scale 395 miles t.

< inch. (.XccompanyinR reimrt No. US.)

tl40 Mica- showinR distribution of the principal mic.i (Rcurrenccs iis *
Dominion of Canada—by II URh S. <le Schmid. Scale 3-95 n.-'-s

to 1 inch. (AccompanyinR report No. US.)

tl41 Torbrook iron-l)carin« district Annapolis county. N.S.—by llfi* n*

Frechette. Scale 400 feet to 1 inch. (Accompanyms r,-^t

No. 110.)

)rth

. C.
146. Distribution of iron ore sands of the iron ore deposits on t

shore of the River an<l (uilf of St. Lawrence, Canada—l>y

Mackenzie. Scale 100 miles to 1 inch. (AccompanymK report

No. 145.)

tl47 MaRnetic iron sand deposits in relation to Natashkwan harbour and

Great Natashkwan river, (Jue. (Index .Map)—by (.co. C. Mac-

kenzie Scale 40 chains to 1 inch. (.AccnnipanyinR report No.

145.)

tl48 Natashkwan maRnelic iron sand (le|X)5its, Sagucnav county. Que.—

by Geo. C. .Mackenzie. Scale 1,000 feet to 1 inch. (Accom-

panyint; rciwrt No. 145.)

Note.— 1. Maps niarkc..! thus • arc- to be fmiiiil only "1 rt-iKirn.

2. Maps mark.M thus t i ave l).-oii i.rintcil i.idclK^nilflltly of rtimrH. hfnct- >an

be procurecl separately by applicant*.
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^;l

(Accom-
pan tng

IJl.)

tt92. Map ihowitiK the location of (wut bov» invctttgatcd in

Ontario—by A. Anrep. (See Map No. .?54.) i

flSJ. Map thovt.iigthe location of peat ttog*, a* inve*tiguicil in

Manitol)a—by A. Anrcp.

tl57. I.ac du Bonnet peat l>og, Manitoba—by A, Anrep.

tlSS. Tranimiuion peat bog, Manitoba

—

" "

ttS9. Corduroy peat bog, Manitofm

—

" "

tl60. Boggy Creek peat fx)g, Manitoba— " "

tl61. Rice Lake peat bog, Manitoba— " '

tI62. Mud Lake peat bo^. Manitoba - " "

tl63. Litter peat bog, Manitoba— " "

tl64. Juliui peat litter bog, Manitoba- - " "

tl6S. Fort France* peat bog, Ontario

—

" "

•166. Magnetometric map of No. 3 mine, lot 7, concenions V and VL
McKim township, Sudbury district, Ont.—by E. Lindcman.
(Accompanying Summary rejiort, 1911.)

flC'J. ..Jap showing pyrit. , mines and prospects in Kastern Canada, and
their "elation to the L'nitod States market—by A. W. G, Wilson.
Scan. ,IS miles to 1 inch. (Acconi|xinying report No. 167.)

tl7L Geological map of Sudbury nickel region, Ont.—by Prof. A. P. Cole-
man. Scale 1 mile to 1 inch, (.•\ccompanying report No. 170.)

tl72. Geological map of \'ictoria mine—by Prof. A. P. Coleman.

tl73.

tl74.

t»7«.

tl77.

tl7«.

Crean Hill mine—by Prof. A. P. Coleman

Creighton mine—by Prof. A. P. Coleman.

(Accom-
panying
report

No.
170.)

showing contact of norite and I.aurentian in vicinity

of Creighton mine—by Prof. A. P. Coleman.
(Accompan>iiig report No. 170.)

Copper ClifT offset—by Prof. .\. P. Coleman. (Ac-
companying report No. 170.)

No. 3 mine- -by Prof. A. P. Coleman,
panyiiig rejwrt No. 170.)

(Accom-

showing vicinity oi Stobie and No. 3 mines—by
Prof. A. P. CoIe.,ian. (Accompanying report
No. 170.)

Note.

—

\. Nfaps marked thus • are to be founfl only in rerorts.
2. Mapfl markc'l thus t have been printwi in(bpjn(l*»ntly of reports, hence can

be procured separately by applicants.
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tlS5. Magnetunictric lurvey, vertical inteniity: Uluirton iron mine, Bel-

mont town»lii(), I'l'tfrboroiiuli loiinty, Ontario—by IC. I.imleman,

1911. Scale JOO feet to 1 inch. (Accuni|>anyin)t report No. 184.)

tl85a. Geological m.ip, Hlairton iron mine, Ilelmont townihip, Peterborough

county, (Jntario—by E. I.indeman, l»ll. Scale 200 feet to 1 inch.

(Acconi|Kinylng report So. 184.)

flSO. Magnetomctric lurvcy, Ilelmont iron mine, Helmont township, Pefer-

borotiKh county, Ontario—by K. I.indeman, 1911. !- .le 200 (ect

to t inch. (AccomiKinying report No. 184.)

tl86a. Cicological map, Ilelmont iron mine, Ilelmont townihip, Peterborough

county, Ontario—by K. I.inileman, 1911. Scale 2U0 feet to 1 incn.

(Accompanying report No. 184.)

tl87. Magnetomctric lurvcy, veitical intensity: St. Charles mine, Tu<lor

township, llastiMK!) county, Ontario—by E. I.indeman, 1911.

Scale 200 feet to 1 inch. (.Xccomixinying report No. 184.)

tl87a. Geological map, St. Charles mine, Tudor township, Hastings county,

Ontario—by K. I.indeman, 1911. Scale 200 feet to 1 inch. (Ac-

companying report No. 184.)

tl88. Magnetomctric survey, vertical intensity: Dalctr mine, Tudor town-

ship, Hastings county, Ontario—by E. Lindeman, 1911. Scale

200 feet to 1 inch. (.Accompanying report No. 184.)

tl88a. Geological map. Baker mine, Tudor township, Hastings county,

Ontario—by E. I.indeman, 1911. Scale 200 feet to 1 inch. (Ac-

companying report No. 184.)

tl8V. Magnetomctric survey, vertical intensity: Ridge iron ore deposits,

Wollaston township, Hastings county, Ontario—by K. I.indeman.

1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.)

tl90. Magnetomctric survey, vertical intensity: Cochill and Jenkins mines,

Wollaston township, Hastings county, Ontario—by E. I.indeman,

1911. Scale 200 feet to 1 inch. (.-Xccompanying report No. 184.)

tl90a. Geological map, Cochill and Jenkins mines, Wollaston township,

Hastings county, Ontario—b> E. I.indem.in, 1911. Scale 200

feet to 1 inch. (Accompanying report No. 184. )

tl91. Magnetomctric survey, vertical intensity: Bessemer iron ore deposits.

Mayo township, Hastings county, Ontario—by E. Lindeman,
1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.)

tl91a. Geological map, Bessemer iron ore deposits. Mayo township, Hastings

county, Ontario—by E. I.indeman, 1911. Scale 200 feet to 1 inch.

(Accompanying report No. 184.)

tl92. Magnetomctric survey, vertical intensity: Rankin, Childs, and
Stevens mines. Mayo township, Hastings county, Ontario—by E.

Lindeman, 1911. Scale 200 feet to 1 inch. (.Accompanying report

No. 184.)

Not*.—I. Maps marked thus are to be found only in report!.

I. Maps marked thus t have been printed independently of reporu. hence
can b^ procured leparately by applicant!.



tl92a. Geological map, Kankin, Childs, ami Stevens mines, Mayo township,
MastinRs county, Ontario—l)y IC. I.indeman, 1911. Scale 200
feet to 1 "nch. (Accompanying report No. 184.)

tl93. Magnetonictric survey, vertical intensity: Kennedy property, Carlow
township, IlastinRs county, Ontario—by K. I.indcman, 1911.

Scale 200 feet to 1 inch. (Accompanying report No. 184.)

tl93a. Geological map, Kennedy property, Carlow township, I tastings county
Ontario—by E. I.indeman, 1911. Scale200feet to 1 inch. (Accom-
panying report No. 184.)

tl94. Magnetomctric survey, vertical intensity: Bow Lake iron ore occur-

rences, Faraday township, I lastings county, < )ntario—by IC. I.inde-

man, 1911. Scale 200 feet to 1 inch. (.Accompanying report No.
184.)

t204. Index m.ip, magnetite occurrences along the Central Ontario railwaj

—

by E. Lindeman, 1911. (.Xccompanying report No. 184.)

t20S. Magnetomctric map, Moose Mountain iron-l)caring district, Sudbury
district, Ontario: Deposits Nos. 1, 2, i, 4, 5, 6, and 7—by E.

I.indeman, 1911. (.Accompanying report No. 303.)

t20Sa. Geological map. Moose Mountain iron-bearing district, Sudbury
district, Ontario, Deposits Nos. 1, 2, 3, 4, .S, 6, and 7—by K. Linde-
man. (Accompanying report No. 303.)

t206. Magnetomctric survey of Moose Mountain iron-bearing district,

Sudbury district, Ontario: northern part of deposit No. 2—by E
Lindeman, 1912. Scale 200 feet to 1 inch. (.Accompanying
report No. 303.)

+207. Magnetomctric survey of Moose Mountain iron-bearing district, Sud-
bury district, Ontario: Dc[)C^lts Nos. 8, 9, and 9a—by E. Linde-

man, 1912. Scale 200 feet to 1 inch. (Accompanying report

No. 303.)

t208. Magnetomctric survey of Moose Mountain iron-bearing district,

Sudbury district, Ontario: Deposit No. 10—by E. I.indeman,

1912. Scale 2(H) feet to 1 inch. (.Accompanying report No. 303.)

t208a. Magnctometric survey. Moose Mountain iron-bearing district, Sud-
l)ury district, Ontario: eastern portion of Deposit No. 11—by E.

Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying
report No. 303.)

t208b. Magnetomctric survey. Moose Mountain iron-bearing district, Sud-
bury district, Ontario: western portion of deposit No. 11—by E.

I.indeman, 1912. Scale 200 feet to 1 inch. (.Accompanying report

No. 303.)

fiOSc. General geological map. Moose Mountain iron-bearing district,

Sudbury district, Ontario—by K. I.indcman, 1912. Scale 800
feet to 1 inch. (Accompanying report No. 303.)

Note.— 1. Miips marked tlius * arc to he fomul only in reports.

2. Maps inarkeil tlius f have hern printed independently of reports hence can
be procured separately by applicants.
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•210. Location of copper smelters in Canada—by A. \V. G. Wilson. Scale

197-3 miles to 1 inch. (Accompanying reixjrt No. 209.)

t21S. Province of Alberta: showins properties from which samples of coal

were taken for gas producer tests, Fuel Testing Division, Ottawa.

(Accompanying Summary report, 1912.)

t220. Mining districts, Yukon. Scale 35 miles to 1 inch—by T. A. MacLcan.
(Accompanying report No. 222.)

t221. Uawson mining district, Yukon. Scale 2 miles to 1 inch—by T. A.

MacLean. (Accompanying rcixjrt No. 222.)

•228. Index map of the Sydney coal fields. Cape Breton, N.S. (Accom-
panying report No. 227.)

t232.

1239.

t240.

t241.

t242.

t243.

Scale 100 miles to 1 inch. (AccompanyingMineral map of Canada,
report No. 230.)

Index map of Canada showing gypsum occurrences. (Accompanying
report No. 245.)

Map showing Lower Carboniferous formation in which gypsum occurs

in the Maritime provinces. Scale 100 miles to 1 inch. (Accom-
panying report No. 345.)

Map showing relation of gypsum dc|)Osits in Northern Ontario to rail-

way lines. Scale 100 miles to 1 inch. (Accompanying report

No. 245.)

Map, Grand River gypsum deposits, Ontario. Scale 4 miles to 1 inch.

(Accompanying report No. 245.)

Plan of Manitoba Gypsum Co.'s properties. (Accompanying report

No. 245.)

t244. Map showing relation of gypsum deposits in liritish Columbia to

railway lines and market. Scale 35 miles to 1 inch. (Accompany-
ing report No. 245.)

t249. Magnetomctric survey, CaKlwell and Campbell mines, Calabogie

district, Renfrew county, Ontario—by E. Lindeman, 1911. Scale

200 feet to 1 inch. (.Accompanying report No. 254.)

t250. Magnetomctric survey. Black Bay or Williams mine, Calabogie district,

Renfrew county, Ontario—by E. Lindeman, 1911. Scale 200 feet

to 1 inch. (.Accompanying report No. 254.)

t2Sl. Magnetomctric survey. Bluff Point iron mine, Calabogie district,

Renfrew county, Ontario—by E. Lindeman, 1911. Scale 200 feet

to 1 inch. (.Accompanying report No. 254.)

t252. Magnetomctric survey, Culhane mine, Calabogie district, Renfrew

county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch.

(Accompanying report No. 254.)

Note.— I. Maps marked thus * are to be found only in reports.

2. Mails marked thus t have been printed independently of reports, hence can

be procured separately by applicants.



t253. Magnetomctric survey, Marlel or Wilson iron mine, Cnlabogie district,

Renfrew county, Onturio—by li. l.indeman, 1911. Scale 200 feet

to 1 incli. (Accompanying report No. 254.)

t261. Magnetomctric survey, Nortlie.'.st Arm iron range, lot 330 E.T.W.
Lake Tiniagami, .N'ipissinK district, Ontario—by I--. Nystrom.

1903. Scale 200 feet to 1 inch.

t2'^8. Map of peat bogs investigated in Quebec—by A. Anrep, 1912. (See

Report No. 351.)

t269. Large Tea Field peat bog, Quebec

t270. Small Tea Field peat bog, Quebec

t271. Lanoraie peat bog, Quebec » » .

t272. St. Hyacinthe peat bog, Quebec u
« »

t273. Riviere du Loup peat bog « «
u

t274. Cacouna peat bog

t27S. Le Parr it bog, Quebec

t276. St. De. peat bog, Quebec « « «

t277. Riviere Quelle peat bog, Quebec «
u u

t278. Moose Mountain peat bog, Quebec « « ..

t284. Map of northern portion of Alberta, showing position of outcrops of

bituminous sand. Scale 12| miles to 1 inch. (.Accompanying

report No. 281.)

1293. Map of Dominion of Canada, showing the occurrences of oil, gas, and
tar sands. Scale 197 miles to 1 inch. (Accompanying report

No. 291.)

t294. Reconnaissance map of part of Albert an<l Westmorland counties,

New Brunswick. Scale 1 mile to 1 inch. (Accompanying report

No. 291.)

t295. Sketch plan of Gaspe oil fields, Quebec, showing location of wells.

Scale 2 miles to 1 inch. (Accompanying report No. 291.)

t296. Map showing gas and oil fields and pipe-lines in southwestern Ontario.

Scale 4 miles to 1 inch. (Accompanying report No. 291.)

t297. Geological map of Alberta, Saskatchewan, and Manitoba. Scale 35

miles to 1 inch. (.Accompanying report No. 291.)

t298. Map, geology of the forty-ninth parallel, 0-9864 miles to 1 inch.

(Ac npanying report No. 291.)

Note.— 1. Maps marked thus * are to be found only in reports.

2. Maps marked thus t have been printed independently of reports, hence can

be procured separately by applicants.



t302. Map showing location o( main gas line, Bow Island, Calgary.

12J miles to 1 inch, (.'\cconipapying report No. 291.)

Scale

t311. Magnetometric map, .Mcl'hcrson mine, Barachois, Cape Breton
county, Nova Scotia—by A. II. A. Robinson, 191.?. Scale 200
feet to 1 inch.

t312. Magnetometric map, iron ore deposits at Upper Glencoe, Inverness
county, Nova Scotia—by K. I.indeman, 1913. Scale 200 feet to
1 inch.

t313. Magnetometric map, iron ore deiMjaits at Grand .\lira. Cape Breton
county, Nova Scotia—by A. H. A. Robinson, 1913. Scale 200
feet to 1 inch.

t327. Map showing location of Saline Springs and Salt Areas in the Dominion
of Canada. (Accompanying Report No. 325.)

t328. Map showing location of Saline Springs in the Maritime I'rovinces.

Scale 100 miles to 1 inch. (."Xccompanying Report No. 325.)

t329. Map of Ontario-Michigan Salt Basin, showing probable limit of pro-
ductive area. Scale 25 miles to 1 inch. (Accompanying Report
No. 325.)

t330.

t340.

Map showing location of Saline Springs in Northern Manitoba.
12J miles to 1 inch. (Accompanying Report No. 325.)

Scale

Magnetometric map of Atikokan iron-lx;aring district, Atikokan
iMine and Vicinity. Claims Nos. lOK, UK, 121i, 24E, 25L:, and
26E, Rainy River district, Ontario. By A. H. A. Robinson, 1914.
Scale 400 feet to 1 inch.

t340a. Geological map of Atikokan iron-lx:aring district, Atikokan Mine and
Vicinity. Claims Nos. lOE, HE, 12E, 24E, 25E, and 26E, Rainy
River distric, Ontario. By .\. 11. A. Robinson, 1914. Scale 400
feet to 1 inch.

t341. Magnetometric map of Atikokan iron-lxiaring district. Sheet No. 1,

Claims Nos. 400R, 401R, 402R, 112X, and 403R. Rainy River
district, Ontario. By E. Lindeman, 1914. Scale 400 feet to 1 inch.

t341a. Geological map of Atikokan iron-bearing district. Sheet No. 1.

C: in.s Nos. 400R, 401R, 402R, 112X, and 4()3R, Rainy River
district, Ontario. By E. Lindeman, 1914. Scale 400 feet to 1 inch.

t342. Magnetometric map of Atikokan iron-l)caring district. Sheet No.
2. Claims Nos. 403R, 404 K. USX, 139X, and 140X, Rainy
River district, Ontario. By E. I.indeman, 1914. Scale 400 feet

to 1 inch.

t342a. Geological map of Atikokan iron-lwaring district. She'>t Nn 2.

Claims Nos. 403R, 404R, USX, 1.59X, and 140X, Rainy
River district, Ontario. By E. lindeman, 1914. Scale 400 feet

to 1 inch.

t Maps marked thug t have been printed independently of reports, lience can be procured
•eparately by applicants.
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t343. Magnetometric map of Atikokan iron-l)Caring district. Mile Post
No. 140, Canadian Northern railway, Kainv Kiver district, Ontario
By E. Lindcman, 1914. Scale 400 feet to 1 inch.

t343a. Geological map, Atikokan iron-lx;aring district. .Mile I'ost No. 140,
Canadian Northern railway, Rainy Kiver district, Ontario. By
E. Lindeman, 1914. Scale 400 feet to 1 inch.

1354. Index Map, showing location of peat bogs in-

vestigated in Ontario

—

f3SS. Richmond peat bog, Carieton county, Ontario

—

t3S6. Luther peat bog, Wellington and DufTerin coun-
ties, Ontario —

t357. Amaranth peat bog, DufTerin county, Ontario

—

t3S8. Cargill peat bog, Bruce county, Ontario

—

t3S9. Westover peat bog, Wentworth county, Ontario

—

t360. Marsh Hill peat bog, Ontario county, Ontario

—

t361. Sunderland peat bog, Ontario county, Ontario

—

loj.. Manilla peat bog, Victoria county, Ontario

—

to63. Stoco p3at bog, I fastings county, Ontario

—

t364. Clareview peat bog, I-enno.x and Addington
counties, Ontario

—

t365. Index Map, showing location of peat bogs inves-
tigated in Quebec

—

t366. L'Assomption peat bog, L'Assomption county,
Quebec

—

t367. St. Isidore peat biog. La Prairie countv. Ouebec^

t368. Holton peat bog, Chateauguay county, Quebec

—

t369. Index Map, showing location of peat trags inves-
tigated in Nova Scotia and Prince Edward
Island

—

by A. Anrep, 1913-14.

t370. Black Marsh peat bog, Prince c'mty. Prince
Edward Island

—

t371. Portage peat bog. Prince county. Prince Edward
Island

—

t372. Miscouche peat bog. Prince county. Prince
Edward Island

—

t373. Muddy Creek peat bog, Prince county. Prince
Edward Island

—

t374. The Black Banks peat bog. Prince county.
Prince Edward Island

—

" "

tMaps marked thus t have beta printed independently of reports, hence -an be procii
eparately by applicant!.
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; Post
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t375. Mermuid peat t)og, yueens county, I'rinte

Edward Island by A. Anrep, 1913-14

t376. Carilxju peat bog. Kings county. Prince Edwarl
Island

—

" "

t377. Cherryfield peat bog, Lunenburg County, Nova
Scotia

—

" "

1378. Tusket (jeat bog, Yarmouth county. Nova
Scotia

—

" "

t379. Makoke peat Ixig, Yarmouth county. Nova
Scotia

—

"

t380. Heath peat l)Og, Yarmouth county, Nova
Scotia

—

" "

t381. Port Clyde peat bog, Shelburne county, Nova
Scotia

—

" "

t382. l.atour [jeat bog, Shelburne county, Nova
Scotia

—

" "

t383. tlyde peat bog, Shelburne county. Nova
Scotia—

t387. ("leological map HanIT district. Alberta, showing location of phosphate
beds— by Hugh S. dc Schinid, 1915. (Accoin|i.mving report
No. 385.)

t390. Christina river map showing outcrops of bituminoui^ sand along
Christina valley; contour intervals of 20 feet—by S. ('. Klls, 1915.

Scale 1,000 feet to 1 inch.

t391. Clcarwa"'"' rive-" man, showinj; nutcrops cf bituminous .sand along
Clear\ "

. contour intervals of 2(( feet—by S. C. p'lls,

1915. ... ii' feet to 1 inch.

t392. Hangingstone-Hors> rivers, showing outcrops of bituminous sand
along Hangingstone and Horse River valleys: contour intervals

of 20 feet—by S. C. Ells, 1915. Scale 1,000 feet to 1 inch,

t393. Steepbank river, showing outcrops of bituminous sand along Steep-
bank valley; contour intervals of 20 feet—by S. C. Ells, 1915.

Scale 1,000 feet to 1 inch.

t394. McKay river, 3 sheets, showing outcrops of bituminous sand along
.McKay valley; contour intervals of 20 feet—by S. C. Ells, 1915.

Scale 1,000 feet to 1 inch.

t395. Moose river, showing outcrops of bituminous sand along Moose
valley; contour intervals of 20 feet—by S. C. Ells, 1915. Scale

1,000 feet to 1 inch.

398. Ontaiio phosphate area—by Hui;h S. deSchmid.

399. Quebec phosphate area—
403. Ontario feldspar are.t— „ „ „ „

404, Quebec feldspar area— „ ,, „ „

t Maps marked thus 1 have been printed independently of reports, henre ^^ti be procured
eparacely by applicants.



405. Maisnetometric iiiip, Urton iiiine and vicinity, Hastings tounty, On-
tario—l)y A. H. A. Kol.iiison, 1915.

409. MaKnctornctric map, Kaniinistikwia, I'liuiuler H,iy district, Ontario—
by A. H. A. Kobinson, 19U-15.

410. CicoloKical map, Kaniinistikwia, Thunder B.iy district, Ontario—by
A. H. A. Robinson, 1914-15.

416. MaKnetonietrio map, Matawin Iron Range, Tlumder Hay district,

Ontario -by A. II. A. Robinson, 1914-15.

Address all communications to—

PiRECTOR Mines Hr.\nch,

Department of Mines,

Sussex Street, Ottawa.

N'ott.— 1. Maps marked thus • aic to he found only in rciwrta.

2. Maps marked thus t have heen printc<l indeiiendently of reportt. hence can

he procured wparately by applicant*.






