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In this paper the method of analyzing non-metallic inclusions in 

iron and steel is discussed, and a new method based on electrolysis 

is proposed. In this new method, one applicable not only to car-

bon steel but also to pig iron, chromium steel, etc, is considered. 

I
 

lron and steel contain various elements, some of which exist in part in 

the state of oxides. These oxides are called non-metallicinclusions, commonly 

consisting of silica, alumina, ferrous oxide and manganous oxide. The presence' 

of non-metallic inclusions debases the quality of iron and steel and degrade 
them, hence it is necessary in the examination of iron and steel to know how 

muchof-them is eontained in iron and steel in question. The determination of 
total amount of each element present in iron and steel is of course carried out, 

but the determination of･non-metallic inclusions has hitherto been neglected 
because of its dif~:culty.. At present, various methods for their determina-

tion are being proposed but we have not yet to find a good one. The author 

has carried out some research as to this point and wishes to announce its 
result here. 

II 

As methods of determining non-metallic inclusions in iron and steel are 

proposed : (a) the method of using an acid, (b) that of using halogens and 
(c) electrolyzing method. The method of using an acid is to dissolve the sam-

ple in, for instance, nitric acidl and let non-metallic inclusions remain as resi-

due, but by this method man"*anous oxide MnO and ferrous oxide FeO are 
dissolved, making the result of determination uncertain. Among the methods 
of using halogens, that which makes use of chlorine renders the value of fer-

rous oxide too large, while the method of using iodine is comparatively *"ood 
but has the disadvantage of requiring much reagent. The author has, there-
fore, taken up the electrolyzing method. Thus he has carried out electrolysis 

1 S. Dickenson, J. Irau and Steel hzst., n3 (1926), p. 177. 
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in　a　certain　e1ectrolyte　using　the　sample　as　anode　and　taking　out　non－metal1ic

inclusions　as　residue．

　　　　It　is　G．L1ppert2who　applied　the　e1ectrolyzing　method　for　the丘rst　time

to　the　extraction　of　non－meta11ic　inclusions，and　we　have　the　report　by　F．

Fischer．3　N6marked　development　has　been　seen　in　this（lirection　since　then

ti11we　come　to　H．Hertz4who　has　carried　out　fundamenta1research　on　e1ec－

trolysis　and　has　shown　the　possibi1ity　of　app1ying　this　method　to　the　an副1ysis－

Then　Fitterer，5Scott，6Treje7and　others　have　carried　out　extraction　o丘inc1u一

・i…by・・i㎎，i・…h・…，di丑・…t・1・・t・olyt…ddi丑・…t・pP…t・・．Th・

defect　of　electrolytic　method1ies　inthat　theso1utionbecomes　alka1ine　with　the

progressofreactionproducingferrous　hydroxide　whi6h　mingles　with　the　inclu－

sions，and　this　should　be　avoided．Kippe畠has　compared　varidus　electrolyzing

methods，discussing　their　adYantages　and　disadvantages，and　the　researches　of

Bihet，o　Styri1o　and　Klinger11aim　at　removing　the　above－mentioned　defect．

Klinger’s　method　is　usefu1for　extracting　inclusions　but　has　the　d1sadvantages

of　the　manipulation　being　too　comp1icated　and　the　reagents　being　required　in

1arge　quantity．

　　　　The　author　wishes　to　estab1ish　a　method　in　which　theana1ytica1equipment

県・d・p…ti・・・・・…imp1…　p…ibl・，th・…g・・t・…i1y・・・…ib1・，・・d・・一

1iab1e　va1ues　are　to　be　obtained．

III

　　　　To　prevent　the　solution　from　b亨coming　alkaline　in　the　course　ofelectr』1y－

sis　or　to　maintain　the　hydrogen－ion　concentration　in　the　electro1yte　constant，

the　author　tried　to　make　the　amount　of　iron　deposited　on　the　cathode　bye1ect一

・・1y・i・・q・・lt・th・tdi・・o1・・d・tth・…d・，i．・．t・p…㎝tth・hyd・・g・・一i㎝

in　the　solution　from　discharging　at　the　anode．For　this　purpose　the　method

・f・・i㎎th…m・・1・・t・・lyt…　i・…di・th・p・・p…ti・・of・1・・t・・lyti・i。・。

may　be　suggested，but　the　one　commonly　used　for　that　purpose　cannot　be
applied　here，for　it　produces　iron　res三due　in　the　process　of　e1ectrolysis．　After

various　experiments　the　author　has　arrived　at　a　method　satisfying　to　some

・・t・・t・ギマ・・withthi・m・th・d・th・di・・h・・…fh・d・・…一i㎝・・k…1…，

although　to　a　s1ight　extent，rendering　the　so1ution　gradual1y　a1ka1ine．　To

　2G．Lippert，Z一α舳むf．α榊〃．，2（1863），p．39．

ヨF・Fi・・h・・，肋〃〃一砒舳，32（1912）、P．1563．

二量撚隻婁：R漱「鮒．黒望榊鮒鮒劣，撒搬田簑、搬．桃瑚二
p196一
リ。W．Scott，〃．恥g一α〃腕．，舳囮1。砒，4（1932），p－121．
　f　R．Treje＆C－Benedlcks，∫。∫ro椛＆・3肋1∫舳；．，133（1933），No．2，p．205．
　坦K－H－Kippe，ルεん。励∫舳肋ま．、10（1936），p．93，
　o　O．L．］≡…ihet＆F．、Vi11ems；λκ乃．〃∫舳肋圭．，11（1937／38），p．125．

”H．Styri。τ7囮舳．λ〃㎎れ∫附1．〃例一ル肋1．Eサη．，105（1933），p．185，
H　P．K1inger＆W．K㏄h，λκみ．醐舳脇．，11（1937／38），p．569．
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present　this　undesirabIe　e冊ect，di1ute　sulfuric　acid　is　a」dded　drop　by　drop　to　the

E01ution　through　the　device　of　siphon　and　the　pH－va1ue　of　the　so1ution　being

［naintained　constant．

　　　　The　residue　remaining　after　e1ectrolysis　contains，beside　the　desired　non－

metal1ic　inclusions，iron　carbide　and　sometimes　minute　iron　pieces　ming1ed

with　them．These　must　be　removed，as　they　wi11be　confused　with　the　ferrous

oxide　present　in　the　inc1usions　if　the　residue　is　analysed　without　this　pre1iminary

treatment．　So　they　are　dissolved　away　with　a　suitab1e　reagent，which，of

course，should　not　dissolve　the　inc1usions　themse1ves．For　this　purpose　an　aque－

ous　mixed　so1ution　of　iodine　and　ferrous　iodide　is　used　as　reagent．　By　treating

with　thisso1ution　iron　carbide　and　minute　iron　pieces　are　disso1マed　away　whi1e

inc1usioηsremain　intact．The　residue　is　then　fused　with　sodium　carbonate　and

from　the　fused　mass　silicon，a1uminium，iron　and　manganese　are　determined

respect1▽e1y　in　accordance　with　the　ordinary　methods　of　analysis．The　va1ues

obtained　are　then　converted　into　those　o丘Si02，A1203，FeO　and　MnO　and

from　the　tota1amount　of　the　samp1e　dissolved　the　percentage　o丘respective

non－1］ユeta11ic　inclusion　is　calculated．

　　　　In　case　of　carbon　steel　the　above　method　is　applicab1e　in　determining　the

inc1usions，but　in　case　of　an　a11oy　steel　containing　more　than1％of　chromiu叩

a　modi｛cation　is　necessary　as　the　residue　of　electrolysis　contains，beside　iron

carbide　and　minute　stee1pieces，minute　particles　of　a　compound　of　Cr－Fe－C

which　resist　disso1▽ing　in　the　solution　in　the　subsequent　treatment　with　iodine－

ferrous－iodide　soiution　and　remain　ti1l　the1ast　stage　of　ana1ysis，making　the

value　of　inclused　FeO　too1arge．　The　author　made　var三〇us　experiment　to

remove　these　contaminated　particles，but　in　vain－

　　　　The　residue　after　the　treatment　with　iodine　solution　contains　ab0Ye－men－

tioned　compound　of　Cr－Fe－C　beside　the　desired　Si02，A120茗，FeO　and　M1nO．

The　authof　has　then　sought　a　method　of　extracting　FeO　alone　from　this　mix－

ture，and　after　various　experiments　has　decided　to　adopt　hot　oxalic　acid　solution

as　the　reagent　for　the　extraction．　The　substance　disso1ving　in　this　solution　is

ferrous　oxide　only．By　determining　iron　in　the　solution　we　get　the　amount

of　Fe0，the　amounts　of　other　inclusions　being　determined　from　the　residue　of

oxa1ic　acid　treatment．

　　　　In　case　of　determining　inc1usions　in　pig　iron，iron　phosphide　Fe…P　wi11re－

main　in　the丘na1residue　if　theresidue　of　e1ectrolysis　is　treated　as　in　the　case　of

carbon　steel　residue，giving　abnormally1arge　value　for　ferrous　oxide．　The

e丑ect　is　simi1ar　to　that　of　the　compound　of　Cr－Fe－C　in　the　residue　of　chromium

steel．Iron　pbosphide　does　not　disso1ve　pract三cally　in　oxa1ic　acid　solution，hence

the　residue　after　io（line　solution　treatment　is　treated　with　oxalic　acid　so1ution

to　determine　the　value　of　ferrous　oxide　as　in　the　case　of　chromium　steel，and

other　inc1usions　are　determined　from　the　remaining　residue．

　　　　With　a　sample　containi㎎muchsi1icon　s只ch　as　p1giron，si1ica　formed　in

the　process　of　e1ectro1ysis　by　the　oxidation　of　si1icon　a‘d　not　that　present　as
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inc1usion　wi11attach　to　t．he£nal　residue　which　must　be　removed　by　washing1t

with　caustic　a1kali　so1ution　before　fusing　the　same　with　sodium　carbonate．

IV

　　　　（1）・λ〃〃α〃∫α伽〃ωgθ物オ∫

　　　　E1ectrolyte：40g　of　ferrous　sulfate（crystal），30g　of　ammon三11m　sulfate，

20g　of　ferrous　chloride（crystal）and3g　of　ammonium　citrate　are　dissolved　in

water　making　the　so1ution1L，and　after　letting　it　stand　for　a　whi1e　the　soエution

is丘1tered　for　use．

　　　　Sample：Pieces　of　suitab1e　size　are　used，e．z．square　or　round　bars　of15cm

in　length　and1cm　in　diameter．　They　are　used　as　anodes．

　　　　Cathode：A　piece　of　perforated　copper　plate　is　bent　in　the　form　of　a　cy－

1inder，10cm　in　height　and　gcm　in　diameter，with　a　handle　attached　at　the

upPer　edge．

　　　　Di1ute　sulfuric　acid：2n－H2S04placed　in　a3－L　g1ass　bottle　and　made　to

run　into　electrolyte　through　the　devicq　of　siphon．　、Vhen　the　current　passed　is

O．5ampere，the　acid　is　added　at　the　rate　of3drops　per　minute、

．　Stirrer：Aglassrodwithprope11ersatits1owerendanddrivenbyasmall
motor　is　used．

　　　　Battery：used　as　the　source　of　e1ectric　current　for　analysis．The　number

of　battery　is　increased　in　a㏄ordance　with　the　number　o丘samples　to　be　used　as

anode．

　　　　Iodine－ferrous－iodide　so1ution：30g　of　iod｛ne，5g　of　pure　iron，4g　of　am－

monium　citrate　and10cc　of　water　are　p1aced　in　a　conica川ask，more　water　is

then　added　and　the　solids　are　dissolved　bラshaking　whi1e　being　coo1ed．To　this

solution30g　of　iodineisagain　added，theso1ution　isdilutedwith　waterto　make

it75cc　and　is　used　after丘1tration．

　　　　The　arrangemellt　of　apparatus　is　shown　in　the　fol1owing丘gure．

　　　　　　　　　　　　　　　　　　Arrangement　of　electm1yzing　apparatus　　　　　一。　　一’

一1A一

l
l
C
T

（2）

（a）

肋例伽1α〃0椛0∫α舳1ツ∫沁

Extraction　of　non－meta11ic　inc1usions．

A：

B＝

C．：

T：

S：

P：

a　：

V：

sulfuric　acid　solution，

eleCtrO－yZing　VeSSe1，

copPer　plate　for　cathode，　．

anode　test－PieceI

Sti∬er，

pinchc㏄k，

ammeter■
VOltmeter．

The　case　of　carbon　steel．
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About800cc　of　electro1yte　is　p1aced　in　a1－L　beaker，copper℃athode　is　inserted，

a　sample　of　known　weight　is　placed　in　the　so1ution　which　is．made　the　anode，

and　the　electric　current　is　passed．One　or　several　pieces　of　the　sample　are　used

at　the　same　time．　The　current　densit｛is　adjusted　to1A／100cm2．　In　the

course　of　electrolysis　pH　of　the　solutio占1s　occasiona11y　examined　by　means　of

test　paper　for　hydrogen－iron　concentration　and　pH　value，of　about5is　main－

tained　by　adjusting　the　rate　of　addition　of　su1furic　acid　through　s1phon．Time

required　for　e1ectro1ysis　may　be　shortened　by　increasing　the　mmber　of　pieces

of　the　samp二e．To　stop　e1ectrolysis　the　pieces　of　the　samp1e　forming　the　anode

are　raised　from　the　electrolyte　to　discomect　the　current　and　the　cathode　copper

plate　is　then　taken　out　of　the　solution．The　residue　of　e1ectrolysis　rema三ns　at－

tached　to　the　sample，so　it　is　carefu11y　stripped　o冊and　dropped　in　the　solution．

I疋the　upper　surface　of　the　so1ution　is　covered　with　brown　coating　of　ferric　hy－

droxide　at　the　end　of　e1ectrolysis，this　must　be　removed　by　means　of　a　piece　o正

paper，beforecuttingo冊thecurrent，1－2gofcitric　ac三d　isthenaddedtothe
so1ution，the　whole　is　wel1stirred　and　the　electric　current　is　cut　o冊after　the

so1ution　has　become　clear．　The　residue　is　separated　from　the　solution　by

丘1teration　and　is　washed　several　times　w．ith2％ammonium　citrate　solution．

　　　　The　residue　togcther　with　fi1ter　paper　is　now　p1aced　in　a1OOcc　conical

flask　with　a　g1ass　stopper，to　which　is　added1Occ　of　iodine－ferrous－iodidesolu－

tion　and　after　shaking　for　about1hr．the　mixture　is　left　over　night．　The　re－

maining　residue　is　separated　by制teration，washed　with　amonium　citrate　so1u－

tion　se▽eral　times　till　the丘1trate　is　co1or1ess　and　does　not　show　any　reaction　of

ferrous　ion．

　　　　The　washed　residue　is　p1aced　in　aplatimm　crucibletogetherwith　the刮ter

paper，thelatterisburnttoashes，2gofsodiumcarbonateisadded，andafter
fusing　and　coo1ing　Si，Al，Fe　and　Mn　are　determined　in　a㏄ordance　with　ordi－

nary　methods　of　analysis　and　amounts　of　Si02，A1203，FeO　and　MnO　are　ca1－

cu1ated　to　find　percentages　of　non－metal1ic　inc1usions　in　the　samp1e．

　　　　In　the　base　of　chromium　steel　or　any　sample　which　contains　chromium　or

incasewhen　thesample　coqtains　mリch　phosphorus　such　as，pig　iron，the　residue

is　taken　in　about50cc　of1－n　oxa1ic　acid　solut1on　before　fusing　with　sodium

carbonate　and　after　heating　for1hr．on　hot　water　bath　is丘1tered，the　fi1trate
is　heated　to　distii　o丑oxa1id　acid，the　residue　is　then　dissolved　in　acid　and　iron

determined　in　accordance　with　the　ordinary　method．　The　residue　remaining

after　oxa1ic　acid　treatment　is　fused　with　sodium　carbonate　to　determine　inclu－

sions　other　than　ferrous　oxide．

　　　　In　case　of　a　sample　containing　much　silicon　such　as　pig　iron，the　residua1

inc1usions　are　washed　with5％caustic　potash　solution　before　fusing　the㎜with

sodium　carbonate．

　　　　（b）Analysis　of　extracted　inclus1ons．　The　ordinary　analytical　method

has　been　used　in　the　analysis．That　which　the　author　has　adopted　is　as　fo1lows．

The．mass・obtained　by　sodium　carconate　fusion　is　disso1ved　hydrochioric　acid，
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th…1・tio・ise・・po・・t・dtod・y・・ssa・disdehyd・・tedfo・1h・．i・theai・bath

at120。．After　cooling，hydrochloric　acid　is　again　added，the　mixture　heated

and　tbe　insolub1e　part£1tered　o冊，of　which　si1icon　is　determined．　The丘1trate

is　d三vided　into　two　equa1parts，one　part1〕e1ng　used　ill　the　determination　of

manganese　and　the　other　in｛he　determination　oE　iron　and　a1uminium．Thus，

to　the丘rst　portion5cc　of　su1furic　acid　is　added，the　liquid　evaporated　and　when

white　fume　of　su1furic　acid　begins　to　appear　small　amount　of　nitric　ac1d　is

added，the　mixture　heated　and　when　white　fpme　is　againproduced　it　iscooled・

After　this　manganese　is　titrated　by　bismuthate　method　or．is　colorimetrically

determined．

　　　　The　other　portion　of　the　solution　is　diluted　with　water　to　about50cc，

neutralized　with1O％caustic　soda　so1ution　and　then　about5cc　more　of　it　is

added　to　produce　the　precipitate　of　ferrous　hydroxide．　The　mixture　is　boiled

for　awhi1e　and丘1tered　after　cooling．　（The五1trate　is　reserved　for　the　determi－

nation　of　aluminium．）The　precipitate　is　dissolved　away　by　pouring　hot　hydro－

chloric　acid　over　the丘1ter　paper．　Iron　is　then　determined　by　Reinhardt　me－

thod．　The　reserved丘1trate　is　acidi丘ed　with　hydroch1oric　acid　and　aluminium

is　determined　by　phosphate　method。

V
　　　　The　resu1ts　of　the　fo11owing　experiments　form　the　basis　of　the　adopting

of　above－mentioned　methods　for　extracting　and　treating　inc1usions．

　　　　As　non－metal1ic　inclusions　are　considered　Si02，A120雪，FeO，MnO　or　such

substances　as　manganese　si1icate，ferrous　si1icate，manganese　aluminate，etc．

formed　by　the　combination　of　oxides．

　　　　（1）　In　the丘rst　p1ace　non－meta11ic　inclusions　or　substances　re1ated　to　them

have　been　prepared，Placed　in1L　of　electrolyte　and　agitated　for6－24hours　to

see　to　what　extent　they　are　dissolved，the　results　obtained　being　as　follows：

Amount Time Amount 
Substance taken agitated 

dissolved 

(in mg) (in hrs.) 
in electrolyte 

(in mg) 

SiO, 50 24 l.6 

AlaOs 50 24 0.3 

FeO 50 17 1.5 

F eS 50 17 1.0 

FesC 867.0 8
 

610.3 

Fe8P 315.5 12 156.4 

MnO 50 6
 

14.9 

MnO (Silicate) 20 14 2.0 

MnO (Aluminate). 20 14 2.7 

MnS 28 20 27.9 
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　　　　From　this　resU－t　is　seen　that　M1nO　is　disso1ved　a1ittle　but　other　inclusions

may　be　regarded　as　practical1y　inso1ub1e．The　amount　of　these；ubstances　dis－

solving　in　the　so1ution　depends　on　the　temperature　at　which　they　have　been

prepared．In　actual　cases　they　have　undergone　treatment　at　high　temperature，

hence　should　be　far　mcre　di冊cu1t　to　solve　than　above－mentioned　preparations．

　　　　As　to　iron　carb1de　Fe3C．no　pure　sample　was　obtainable，hence　an　indirect

method　was　resorted　to．Thus　a　certain　sample　of　carbon　stee1containing1．45

％C　was　taken，electrolyzed　fo11oWing　aboYementioned　directions　for　the　deter－

mination　of　non－meta11ic　inclusions．In　the　experiment4．0g　of　the　sample　was

e1ectrolyzed．　The　inso1uble　resid1］e　in　the　electrolyte　was　taken　up　on丘1ter

paper　and，after　washing　with2％ammonium　citrate　solution，iron　was　deter一

㎜i・・d・・dth…1・・ω40・7mg・bt・i・・d・O・th・・…mpti・・th・t・・mi・岬

iron　pieces　existed　in　the　residue　and　also　that　no　ferrous　oxide　was　present　ln

non－meta11ic　inclusions，this240．7mg　of　iron　can　be　regarded　as　previous1y

existed　in　the　fom　of　iron　carbide，or　we　see　on　ca1cu1ation　that256．7mg　of

iron　carbide　was　present　in　the　residue　of　electro1ysis．　In4．0g　o斤the　samp1e

（containing1．45％C）867．Omg　of　iron　carbide　was　present，hence　we　see　that

610．3mg　of　it　was　dissolved　an（1256．7mg　re㎜ained　as　residue．　In　this　case，

however，iron　carbi（le，vas　disso1ved　not　on1y　by　the　reaction　of　the　e1ectrolyte

on　it　but　a1so　by　the　electrolysis　itself．

　　　　Similar　resu1t　may　be　stated　as　to　iron　phosphide．Thus，by　electrolyzing

8．5g　of　a　certain　samp1e　of　pig　iron（containing0，508％P）24．7mg　of　phos－

phorus　was　found　in　the　residue．This　shows　that，of315－5mg　of　iron　phosphide

present　in8．5g　of　the　sample，156・4mg　was－disso1ved　whi1e158．1mg　of　it　was

left　in　the　residue．　In　this　case　also，more　of　the　substance　was　disso1ved　by

the　e1ectrolysis　than　that　by　the　simple　reaction　of　the　e1ectrolyte．

　　　　As　to　other　substances　it　does　not　matter　even　if　they　were　not　disso1ved

at　this　stage，for　they　sha1止be　subsequently　treated　with　iodine　solution．

　　　　（2）　Behavior　of　various　inc1usions　and　re1ated　substances　against10cc　of

iodine－ferrous－iodide　sohltion　is　as　fo11ows：

Amount takcn 
Time let alone 

S~ ubstance after shaking 
Amount dissolved 

(in mg) 
(in hrs.) 

(in mg) 

SiO, 20 17 2.5 

Si02 l.8 17 o
 

A1203 20 16 o
 

FeO 50 17 o. 4 

FeS 20 17 20 

FeRC l07.5 17 l06.5 

re3P 158. l 17 l0.9 

u,rnO 10 14 4. 5 

MnO (Silicate) 17 14 07 
MnO (Aluminate) 15 14 1.3 

M nS 28 14 27 7 
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　　　　Mlanganese　oxide　dissolved　a　little，but　other　non－meta11ic　inclusions　may

be　regarded　as　practica11y　insoluble．　If　the　temperature　at　the　time　of　their

preparation　is　higher，they　ought　to　be　more　di冊cult　to　so1ve．

　　　　Again500mg　of　carbon　stee1（C＝1．45％）was　taken，shaken　for1hr．with

10cc　of　iodine－ferrous－iodide　solution，and　after　letting　alone　for17hrs．insolu－

ble　part　was　separated　by刮tiation　and　iron　w早s　determ三ned　as　to　this　Tesidue，

yielding　the　value　of　O．9mg　as　the　amount　of　iron．　The　residue　may　have

been　ferrous　oxide，but　if　we　assume　this　to　haマe　consisted　of　iron　carbide，the

amount　of　residue　was1mg．There　was　present107．5mg　of　iron　carbide　Fe3C
in500mg　of　this　stee1，so　we　see　that　near1y　a11of　it　was　disso1ved　by　the　treat－

ment　with　iodine－ferrous－iodide　solution．A　similar　resu1t　has　been　obtained

with　a　d冊erent　samp1e　of　carbon　stee1．　It　is　also　seen　from　this　experiment

that　meta1lic　iron　dissolves　qui＋e　we1l　in　iodine　so1ution．

　　　Residue　of　e1ectrolysis　contains　iron　phosphide　Fe3P．　By　treating　the　re－

sidueobtainedbyelectrolyzinga　certain　specie　of　pig　iron　with　iodine　solution，

it　was　found　that1O．9mg　of　iron　phosphide（1．7mg　as　P）disso1ved　and147，2

mg　of　it（23mg　as　P）re㎜ained，showing　that　the　substance　is　nearly　insoluble．

Also　by　treating328mg　of　a　certain　sample　of　grey　pig　iron（P＝0，221％）with

iodine　so1ution，it　was　seen　that　only　O．74mg　of　P　was　present　in　the　residue，

showing　that　iron　phosphide　is　total1y　inso1ub1e　iri　iodine　so1ution．

　　　Both　M1nS　and　FeS　were　disso1ved　wel1with　this　treatment．

　　　（3）　In　order　to　see　how　inclusions　and　re1ated　substances　would　behave

against　oxalic　acid　solution，these　substances　were　treated　separately　witl］50cc

e訊ch　of1－n　hot　oxa1ic　acid　solution．　The　results　obtained　are　as　fo1lows：

Amount Amount 
Substance taken dissolved 

(in mg) (in mg) 

FeO 30 30 

FeO (Silicate) 12 7. 1 

Fe208 30 28.2 

SiO, 20 o
 

Al203 30 o
 

MnO 20 o
 P=23.4 { Ferrophosphor Fe=74.4 

200 2.3 (as FeaP) 

FesP 4.6 O. 1 

Cr-Fe-C 100 o
 Ferrochrome Cr:=65.3 { Fe31.3 

30 O. 1 

　　　　From　this　we　see　that　ferrous　oxide　was　disso1ved　we11whi1e　other　sub－

stances　were　not．　Even　when　ferrous　oxide　was　present　as　ferrous　silcate，we

may　say　that　it　was　practica11y　soluble．Iron　phosphide　and　the　co㎡pound　of

Cr－Fe－C　did　not　dissolve　in　oxalic　acid　solution．

　　　（4）To　a　certain　samp1e　of　carbon　stee1the　method　of　determining　non一
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meta11ic　inc1usions　was　applied　and　the　result　obtaihed　was　O．071％as　the

value　of　FeO　in　the　sample．To　the　same　samp1e　the　method　of　treating　with

iodine　so1ution　was　applied　and　the　residue　was　treated　with　oxa1ic　acid　solu－

tion　to　determine　iron　disso1ving　in　the　solution，the　value　of0，071％FeO　being

obtained　as　the　result　which　agreed　wel1with　the　resu1t　of　former　determina－

tion．　Again　the　treatment，vi巾oxa1ic　acid　solution　was　applied　to　another

kind　of　carbon　stee1and　non－1menta11ic　inc1usions　in　oxalic　acid　and　in　the

residue　were　determined　with　the　fol1owing　resu－ts　showing　the（lependabi1ity

of　the　nユethod　of　extraction　with　oxalic　acid　so1ution．

Inclusions in oxalic acid solution (%) Inclusion in the residue (~;) 

Trials 

SiO, Alz08 FeO 
l s Mno s* io 

A]~03 FeO MnO 

Ist o
 

O
 
0,029 o

 
o
 

0,005 0.002 0.003 

t 2nd o
 

o
.
 

.0,0-25 o
 

o
 

o. 006 0.003 0.004 

3rd o
 

o
 

0.032 o
 

o
 

0,004 o.002 0.004 

VI

　　　　Below　are　the　examples　of　the　results　of　analysis　of　carbon　steel，special

stee1，pig　iron，etc．carried　out　in　accordance　with　above－ment1oned　method．

　　　　（1）　Carbon　stee1（C＝0．22％）

Results　obtained　by　author，s　electm－yz…ng

　method
Fesu1ts　obtained　by　a　certain　warm　nitric

　acid　method

SiO雪

O．005

O．005

A1里O里

O，O05

O．O05

FeO

O．012

O．001

MnO

O．O09

O．OO1

　　　　（2）　Si1icon　stee1．　The　method　for　analyzing　carbon　steel　was　apPlied，

exとept　that　the丘na1residue　wa冒washed　severa1times　with　caustic　potash

SOlutiOn．

　　　　（3）Chromium　stee1．The丘nal　residue　was　treated　with　oxalic　acid　solu－

tion，and　ferrous　oxide　was　determined　from　the　so工ution　and　other　inc1usions

from　the　residUe．

Cr-steel No. I (Cr=2.8~) 

From oxalic From the 
acid solLrtion residue 

SiO, o
 

0.023 

A1203 O
 

0.003 

F eO o , 05() 

MllO o
 

0.0.01 

Cr~steel No. 2 (Cr=0.7%) 

From oxalic From the 
acid solution res*idue 

SiO* o
 

0,006 

Al208 o
 

0,003 

Fe02 0.0_･6 

MnO o
 

0.001 

　　　　（4）　Pig　iron．　Oxalic　acid　treatment　was　carried　out，and　the　residue

was　washed　with　caustic　alkali　so1ution．
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From oxalic From the From oxalic From the 
acid solution residue acid solution residue 

SiO, o
 0.022 sioz o

 
o.045 

A1203 o
 0.034 Al203 o

 
0,040 

F eO 0.080 FeO o.093 

_MnO o
 0.005 MnO o

 
0.003 

Sul I emar y 

The'electrolv. 7.ing method of determining non-metallic inclusions in irorf and steel, 

viz. Si02, Al203. FeO and MnO is discussed. When a suitable electrolyte composed 

of 40g.FeS04 '6H20, 30g (Nl~14)2S04, 20g, FeC12'4H20 and 3 g of ammonium citrate 
dissolved in I L of solution is used and its pH value maintained at about 5 during the 

electrolysis by regularly adding H2S04 drop by drop,~he inclusions are taken out as 
residue mixed with a part of Fe3C and minute Fe pieces. By treating with I -Fel ~;o-

lution, Fe3C and .Fe are removed and from the rernaining resiglue the value of SiO,, 
A1203, FeO and MnO are ~etermined in accordance with the ordinary method of ana-

lysis. The presence of a compound of Cr-Fe-C or Fe3P hinders the application of the 

method as such.due to their insolubility in iodine solution, but the difiiculty may be 

overcome by treating the residue of the treatment with iodine solution with hot oxalic 

acid solution which dissolves FeO but not the compound of Cr-Fe-C nor Fe3P. Other 
inclusions do not dissolve in it, either. Hence FeO is determined from Fe dissolved in 

the oxalic acid solution and other inclusions from the.final residue.. 

¥ 




