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PREFACE.

In offering this little volume the author desires to call
attention to the portions of it that he has worked out in
his own way and that are, as far as he is aware, new
features. (1) A qualitative test for fitanium in the
presence of vanadium. (2) The annealed test for ¢hro-
mium in steel. (3) The test for annealing in steel.
(4) The pouring of the indicator into the solution when
titrating for vanadium and chromium in steel, in the
presence of either or both elements. (5) The determina-
tion of small amounts of eopper and nickel in steel and
ferro-vanadium by first separating the copper and nickel
from the bulk of the iron and vanadium by means of
potassium ferricyanide. (6) The zxacr determination of
phosphorus in ferro-vanadium, demonstrating that as
little as one-eighth of the actual phosphorus may be
obtained by the ordinary proeesses. (7) The application
of the new heating wire to a combustion tube. (8) The
modified method for higher per cents of nickel. (9) The
determination of silicon earbide in old plumbago erucibles
and rr8 ExISTENCE THEREIN. (10) The automatic labora-
tory still. (11) The simple laboratory methed for making
clay eombustion boats. (12) The method for annealing
Hadfield's steel. (13) The author’s method for the rapid
volumetrie determination of manganese in the presence of
iron, calcium and magnesium, by means of potassium-
ferricyanide. (14) The new form of potash absorption
and weighing apparatus for carbon dioxide. (15) The
new form of combustion train. ;

The test for annealing in steel was first suggested to
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iv PREFACE.

the writer about ten or twelve years ago by Dr. E. 8.
Johnson. The author has since studied it in its appli-
eation to all kinds of alloy steels.

It is the author’s hope that, at least, some of the infor-
mation contained in this book may prove as helpful to iis
readers as it has to him.

Prrresvna, Pa., July 1, 1903,



LIST OF PAPERS.

CHAPTER
I. Quavrramive Tears For CERoMIUM, VinapioM, Correi,
Trraviom, Nicker, MobLysneENoM aND TUNGETEN IN

FALGE

B R T i A e L R e B R B A 1
11, Awanysie or Vavapiou Sreen avp Fearo-Vamaoium. . 4
TII. Awmacyar: ofF Trramios Steel avo Farpo-Timaxaom, ... 38
Wi, Axavvss oF TuxesTEN POWDERB. . 0. 0ooooiiiiaaiian o4
V2, Awavrsis oF TusxesTEN STEEL anD CHrous TUNGSTEN
BBl s e i i e T w (T B ST T e 5h
IVE Awarysis Low Per CeEnt TUNGSTEN STERL. . ....... (it
V1. Awmarysis oF Monvenenus Powpens. .o ... ... . 67
V2, Asavysig oF Toxesten-MoLyenexus Srests, ... . 74
VI, AxavysisoF FErro-Coanowe, Carovs ORs ann Carpon-
EEIRE URREIAEIET . o a0 o p v S 540 0 b b -
¥II. DETERMINATION OF ALUMINUM 1IN BTERL. ... oonvienues Efi
VIIII. DeremvinaTion oF CoPPER IN STEEL Ao Pro Inox. . . 59
VIIZ, Seraiarion oF Niokmn anp Correr Faos IkRoN AND
Vaxanrmos By Porassiom FERRICYANIDE, .. .ov0 000 B4
VIII&., DeETEnMixaTioN oF CoPPER 19 Meratiie Correr, .. . Lirg
IX. Rarm DeEreswisaTionNn oF NiekeL 8 THE PRESENCE OF
Crrovaos, TRoN AxD MANGANESE. .. o.oooioion. iaa 104
X1, Awavvas or Ferro-Maxcanese, . ..., e L 116
X2 Rarm Vorvsermie Mermop Fok MANGANESE IN THE
Presgxor oF Trox, Carciry axo MacNEsIOM. ... ... 124
XI1. Deresstrwarion o Carnox 18 Trow ano SteeL 5y Dimmecr
Iexrros wrres Bep Leap on LITHARGE . . .o ooeean o 132
K12, DereaMisaTion oF Careos 18 STEEL, FERRO-ALLOYS,
anp Prrmeaco By Meaws oF ax Erecriic CoMBusTIoN
Furwace, Anso py Gas anD Brasr. . ......... 1o, 157
KII1. Canpox 15 BrEEL BY COLOR. . ... vvnsinacascary 159
XTI2. Prosemorus ix Srees, Pro Inow, Bar Ieox axp Wasn
MR AT - e s s TR e A T T 164



——
e,

vi LIST OF PAPERS, -,
CHAPTER PAGE
XII5. BoveAvrn v Stemn, Bar Inow, Pio [erow awo Wask
X114, Mawcawese v SreEciaL STeELs, Bar Trow awn WasH
KII5, Birrcon 18 TeowN anNn BIREL . .o, ., . oo 154
NIII, Awanyeiz oF GRAFHITE AND ORAPHITE CRUCIBLES, ..., .. 185
XIV. Tee AwneEaLinag oF PLAIN AND SPECIAL STEELS. . ....... 186
XV, Perpcentace REnDUCcTION OF ACIDS . . .. .ooon AR 205

XVIL. A Pracmican Avromatic STEam Water Brinn.......... 211

XVIZ. A Smvewe Laroravory Mernop ror Magiva Cray Cos-
BOBPTON BOMIG . v v o xvvin s mie o s e dwieras wwes R -5 1 |



QHWEHEHY i
oF 2
e .I‘.P-{,I-

ANALYSIS OF SPECIAL STEELS, STEEL-
MAKING ALLOYS, AND GRAPHITE.

CHAPTER 1.

. QUALITATIVE TESTS FOR CHEOMIUM, TUNGSTEN,
NICKEL, AND MOLYBDENUDM.

DissoLve 0.200 gram of the sample with 5 ce. 1:3
sulphurie acid in 1524 (6 inches) by 16 mm. test tube.
Also 0.200 gram of a plain carbon steel in the same way.
Place the two tests in boiling water for a half hour.

The plain earbon steel will be free from black sediment
and praetically water white as to color. If the unknown
contains as little as 0.2 or 0.3 per cent of chromium it will
look distinetly greener than the known steel. Nickel also
produees this effect, but the color is not so marked.

If the steel has 0.100 to 0.3 per cent of fungsten a
black insoluble residue will be found in the bottom of the
tube. This black sediment forms also with similar amounts
of molybdenum and phosphorus.  But on addition of 1 c.e.
of 1.20 nitric aeid to sueh a sclution the black entirely
disappears if due to the presence of the two last named
elements. The black precipitate, if caused by a small
quantity of tungsten, on addition of the nitric acid, changes
to a yellow one. If the amount of the latter is small
it is better to put the test tube back on the water bath
and permit the tungstic acid to seftle for two hours,

when it can be scen plainly as a vellow spiral thread rising
1



2 CHEMICAL ANALYSIE OF SPECIAL BSTEELS.

up through the solution by giving the test tube a rotary
motion. The black residue of phosphide can be recognized
by filtering it oul and dropping 1 ; 1 hydrochloric acid on
it, when the characteristic odor of phosphine is obtained.
Or it can be dissolved off the filter with 1.20 nitric acid and
the filtrate precipitated with molybdate solution after
boiling it with a slight excess of potassium permanganate.
Finish as in plain stecl to get the yellow precipitate. If
steels are quite high in silicon, the silicie acid and the
carbon, together, produce black flakes that float about.
They turn to white ones on being heated with 1.20 nitric
acid on a water bath for an hour or two.

The annealed test for chromium is given under ““ Anneal-
ing of Bteel.” See page 202.

MorLvepEyUM.

A further qualitative test for the latter element is as
follows: Dissolve 0.500 gram of sample in 25 c.e. of 1 ;1
hydrochlorie acid. Boil till action ceases, using a 254 by 25.4
mm. (10 by 1 inch) tube. Heat further with 2.5 grams
of potassium chlorate until & elear solution has been ob-
tained or the residue, if any, is a bright yellow. Add an
equal volume of water. Filter without washing. Dissolve
10 grams of potassium hydroxide in 10 e.c. of water. Add
this to the filtered solution. Boil for five minutes. Filter.
Do not wash. Pour 8 ¢.c. of this filtrate into a 254 by
25.4 mm. tube. Add cone. hydrochlorie acid until crystals
form. Dilute with water to 30 c.c. Add a few grains of
granulated tin. Heat to the jfirst indication of boiling;
remove from heat immediately and eool. Add to the cold
solution 2 ec.e. of potassium sulphoeyanate. A light
brownish red indicates 0.2 or 0.3 per cent of molybdenum.
A distinet red indicates 1 to 2 per cent and a deep red
higher amounts of molybdenum. This is a fine tesi,



