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APPENDIX IV. 

---

RAPID DETERMINATION OF PHOSPHORUS AND MANGANESB. 

TBE following ra.pid methods of determining Phosphorus a.nd Mauganese 
roa.y be found useful. The method for Phosphorus only gives comparativa 
and very approximate resulta, but i!'. useful for determining whether thi11 
constituent is a.hove or below a certain limit in the bath of a basic Siemena 
furnace previous to tapping. The Man ganes e method gi ves excellent; 
resulta, even as compared with the gravometric method. 

PHOSPHORUS.-Solutions required-
No. 1, 400 grms. of Ammonium Nitre.te+ 500 o.o. Nitrio Acid me.de up r.o 

1,000 e.e. 
No. 2, 50 grms. of Ammonium Molybdate + 100 grms. Ammonium Nitre.te 

me.de up to 1,000 e.e. 

·2 grm. of tbe steel is dissol ved in 4 e.e. of No. 1 solution in a 
fi-inch test tube l inch in die.meter, and is warmed ; when dissolved, 4- e.e. 
of No. 2 solution are added, and the liquid heated to just the boiling 
point, diluted with hot water to a, mark to fil! tube one-third full, well 
agitated, and comparad for turbidity with two standard steels, treated under 
identical conditions. Assuming it is necessary that the steel should contain 
leas tl1an ·08 per cent. Phosphorus, but uot less than ·05 per cent., two 
sta.ndards of these percentages, respectively, are used. The comparison can 
be made in a few minutes, and enables the sample passer to sa.y if the 
Phosphorus is well under ·08 per cent., and if the bath is ready to be 

tapped. 

IIANGANESE, WALTER'S METHOD.-Solutions
~ 1tric Aoid, speoiflo gra vity 1 -2. 
Nitra.te of Silver, l ·33 grms. in 1,000 e.e. oí water. 
Ammonium Persulphate, 10 grms. dissolved in 30 e.e. of oold water imm«iiaúl, 

bejoreme. 
Dissolve ·l grm. of steel in 6 e.e. of the acid, and heat in a water-ba.th 

11ntil_ a.U nitrous fumes are _expelled. Add 7½ e.e. of Nitra.te of Silver 
aolut~on and 3 e.e. of Ammomum Persulpha.te solution, well mix by pouring 
solut1on to _and from a clea.n test tube, place in water-bath (not allowing 
water to boil), a.nd warm for about two minutes a.fter oxidation commences. 
Cool in cold water, an<l compare with standard steels containing known 
percenta.ges of Ma.nganese trea.ted under identical conditions. It is a.bso
ultely necessary tha.t fresh Ammonium Persulphate solution should be 
prepared every time. 
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Chromium, Influence of, on steel, 396. 
- - Oxide, for polishing, 453. 
Chureh, W., Vaouum casting, 891. 
Olapp-Grillitbs converter, 11. 
Clark, D. R., on distribution of heat in 

reheating fumace, 658. 
Clerk, D., Gas engine, 708. 
Cleveland Rolling Mili Company, 805. 
Close-anneallng, 927. 
Clot, 161. 
Clouet, diamond a.nd iron1 34-1. 
Clutch, Reversing, 774, 775, 776. 
Coal, 129, 531, 537, 538, 656. 
Cobalt, lnfl.uence of1 on stecl, 398, 399. 
Codnor Park Works, 830. 
Cogging, 578, 598, 609, 610, 611, 638, 639, 

742, 743, 744, 745, 751. 
-- by hammer, 742, 743, 744, 745, 752. 
-- engines, 674, 746. 
-- mili, 518, 598, 609, 6IO, 674, 750, 827. 
-- mll'l1 575, 5781 610, 827. 
Coi! clutch, 775. 
Coke for producers, 129. 
" Coke Flnlab," 930. 
Coke-oven gas, 692. 
-- Analys.is of, 693. 
-- Calorific power of, 693. 
-- in Middlesbrough district, 716. 
-- Uee of, 715. 
Colby, on copper in steel, 376. 
Cold bendlng teets, 329. 
Cold gas eftlelency, of producers, 132. 
CoJd rolling, 762. 
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Cold saw, 756, 757. __ bott~m section, Dctails of, 9. 
Cold shortness, 2. __ Concentric for basic practice, 6, 59. 
Cold work, Effect of, 363. __ Core for ramming, 9. 
" Collaring," 610, 828. __ Fixing bottom section to, 62, 64. 
Collars on rolls 592, 593, 609• 61º• 622• 

524., __ for e.cid procesa, 6. 
625. 
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__ fume, Ane.lysis of, 8. 

Colley, J., casting ladle, 2 • __ Lime shoot for, 65. 
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641, 764, 827. 0 Core for ramming converters, 9. 
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Compounds Heat of format1on of, 105. . Cost ot labour, 805, 821, 8~0. . . 
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220, 223. _ " Goliath," 824. 

_ _ --- combined process, 224• __ Ingot, 36, 39. 
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__ --Talbot pro~es~, 227, 2~9

801 804 
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811, 814, 815, 817, 818, 819· ~

46 
__ Travelling, 822, 823, 824. 
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255. Differential arrangement of pyrometers. 444 
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Cryohydrates, Definition of, 354. Dlllner on coppcr in steel, 376. 
Crystalllne steel, Restoration of, 439. Dinas brick, Analysis of, 232. 
Cubillo, Major, on distrihution of hea.t in Direct processes of steel manufacture 291-

puddling fumace, 558. 295. ' 
Cupola furance, 14, 15. --American bloomery process, 293. 
Current, Kintls of, employed, 7m. ¡-- Blair's proccss. 295. 
Curves, showing composition of gas from -- Bloomery pl'Ol'I','>~, 291. 

converter, 80. -- Catalan process, 293. 
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Cutting tools, 847, 848, 849, 850, 851. Double-acting hammer, 842. 
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Dowlais Works, 598, 62i, 641, 799. 
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- Rolls at, 641. 
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aftcr passing through regenerators, 616, 624, 632, 810, 826. 
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D 142. 1 330. 
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- Analysis of l?as from, 134. Dross in zinc baths, 921. 
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nace, 259. Dry sand moulds, 236. 
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Dulour, Comparison of press a.nd hammer, 
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in, 224. 
Duquesne works, Mili at, 7ó4, 821. 
Durfee, on early rolling mili, 600. 
Dust-catcher, Siemcns furnac~, 147. 
Dyer, Col., on fluid compress1on, 890, 
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lames' direct ,teel process, 295. 
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Eeonomisers 660. 
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364. 
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-- of gas engines, 695. 

Elongation! Measu:6Dlent of, 316. 
Endotherm1c reaetion, 104. 
Engines, Beam, 666, 667. 
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-- Blowing, 23. 
-- Breakages of, 667,673. 
__ Cog!rln«, 674, 746. 
--Co~po~md, 674,687,827,831. 
-- Condensing, 666,679, 687,827,831. 
-- CorliSS1 690, 830. 
__ Details of, 690 
-- "Diesel oil, 696. 
-- Direct-coupled, 670, 672, 674, 746, 

755, 763. 
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-- Economy of, 678, 679, 680, 68 ... , 680, 

686, 687, 688, 695, 696. 
- Finishing, 6 l3. 
__ Flywheels lor, 666, 673, 723, 724, 725, 

726, 827, 828. 
__ Four-cylinder, four-oycle, 702. 
-- Gas, 691-716. 
__ Handling of, 671, 672, 673, 689, 690, 

828, 830. 
-- Heat, 693, 694. 
__ High-pressure, 667, 679. 
-- Koerting, 710. 
__ Numberg gaa, 704. 
__ Qechelbauser, 708. 
-- Otto, 698. 

__ of gas producers, 130-136. . . 
__ of reheating fumaces, Determmatlon 

_ Porter-Allen, 671,830. 
__ Premier gas, 707. 
--Pumping, 867, 860, 862, 875, 878. 

of, 554. 
__ of steam engines, 695. 
Ekman reheating furnace, 546. 
Elastie limit, Definition of, 298. 
__ Determination of, 314. 
_ Modulus of, 298. 
Electrlc current, 720. 
Electrie driving, Economy of, 736. 
Eleetric furnace, Frick, 263. 
-- Giffre, 277. 
-Gin,276. 
_ Girod, 271, 272. 
__ GJ'Onwal, 273, 275. 
_ Réroult, 267-269. 
- Riorth, 263. 
__ Jnduction, 261. 
__ Keller, 270, 271. 
_ Kjellin, 261, 262. 
__ Roohling-Rodenhauaer, 264-268. 
-- Ruthenberg, 275. 
_ StaBsano, 277, 278. 
Electric (urna.ces, Cost6 in, 280-282. 
__ Removal of Phosphon1s and Sulphur 

in, 279, 280. 
Electric processes, oompared, 280-282· 
BJeotrlo smelting o! ,teel, 261-283. 
Eleetrtc transmission of power, 719, 720· 
Eleotricity Public supply ol, 736. 
Electro-m~ets for lifüng platea, 780. 
Bleotro-plating, 924, 933. 
Ellis, armour plate procesa, 289. 
Ellls-May process, 89!. 
Elongation, Caloulation of, 316. 
-- Definition of, 299. 

--Reversing
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598, 673, 674, 677, 689, 
746,827, 830. 

_ Size o!, 666, 667, 670, 671, 746. 
_ Speed ol, 667. 
-- Steam, 666-600. 
__ Tandem gas, 701, 702. 
__ Three-cylinder, 674-6i8. 
--Triple-expansion, 831. 
-- Two-oycle, 708. 
__ Two-cylinder, four-cycle, 701. 
__ 'fypes of original, 666. 
__ Vis-a-vis gas, 701, 702. 
Brdman three-high housing, _586. 
Ertcson and Cayley, Gas eogmes by, 698. 
Etehlng micro~sections, 454-456. 
Euteotio alloys, 356. 
Eutectoid, 357. 
Evans' ingot stripper, 41, 42, ~3, 44. 
Evans and Lewis' patent mampulator, 649. 
Evolution of heat in Siemena prooess, 110. 
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__ on poUshmg m1oro-sections, 451. 
Exbaust stcam turbines, 680-682. 
Exothermie reactions, 103. 
Exporl trade, 832. 
Extensometers, 314. 
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Feed water, Chemical treatment of, 658. 
-- Heating of, 659, 660. 
Fen. See Fin4. 
Feneing, Wire for, 833. 
Ferrite, 461. 
Ferro-Managnese, 399. 
--Additions of, 67. 
---- in acid Sicmens, 163. 
---- in basic Bessemer, 101, 102. 
--Analyses of, 55, 67. 
Ferro-Silicon, Action of, 386. 
- Analyses ol, 377. 
-- Caleium in, 377. 
-- Use of, in Walrand procesa, 75. 
Ferro•Titanium, 413. 
Ferro-Tungsten, 413. 
Ferro-Vanadium, 423. 
Ferrous oxide in steel, :-l86. 
Ferrous phosphate, .li.eat of formation of, 

111. 
Firy radiation pyrometer, 445. 
Fielding and Platt, Forging presa by, 874. 
-- Hydraulic shears by, 750. 
--Tube-staving press by, 905. 
Flnlshing metal, Bessomer procesa, 55. 
Finishing temperature, Effect of, on stroc-

ture, 489. 
Finkiner, Removal of Sulphur in bRsic blow, 

98. 
Flns, 602,603,604,608, 610,612,614,617, 

622,625, 8ll, 907. 
Firebricks, Analyses of, · 232, 553. 
Firegrates, 657. 
Fire hole, 251. 
FirthJ T., & Sons, spcedicut steel, 417. 
- Wire by, 916. 
Firtb Works, Press at, 882. 
Fittings for tubcs, 905. 
Flaked bars, 244. 
Flanges for tubes, 905. 
Flather, ou self-hardening steels, 416. 
Flats, Rolling of, 610, 612, 622, 625, 631, 

634,753. 
Flow ol solids, 607, 608. 
Flue gases, Analysis of, 658. 
Fluid eompression, Abortivo attempts at, 

888. 
- at Aboucholf Work.,, 889. 
-Bessemer's experimenta, 387, 883, 

888. 
- Bonneville's patent, 888. 
- Col. Dyer on, 890. 
- Greenwood on, 889. 
- Gun Foundry Board (U.S.} on, 890. 
- Rarmet's process, 387,886, 887. 
- History of, 883. 
- Holingrake's proposals, 883. 
- fntroduotion of, 883. 
-- Jones' procesa, 88~. 
-- Knrpp's experimcnts in, 888. 
-- Limited use of, 891. 
- ~lethoda of, 888. 
- :\Ioulds used in, 885. 
-- Press used for, 885. 
- Pressure necessary for, 884, 885, 888. 

Fluid compression, Robinson and Rogers' 
procesa, 387, 887, 888. 

-- '.l:ests of fluid compresaed metal, 889. 
-- 'Iheory of, 884. 
-- \'alue of, 888-891. 
-- \Vhitworth', prooesa, 387, 884-887. 
-- by wire-drawing, 887. 
Fluorspar, Desulphuri.sation by, 191, 192. 
-- Effoot of, on Phosphoric a.cid in basio 

slag, 193. 
Flux for galvanis.ing, 920, 924. 
-- for tinning, 928, 930. 
Flying shears, 814. 
Flywheel, Advantages of, 666, 672. 
-- Objections to, 672. 
-- Speed o!, 666, 672. 
--Utility ol, 723, 724, 725, 726. 
Forced draught, 533. . 
Fore-hearth, Wellman, 210. 
Fore•plate, 577,593. 
Foreign mili praotice, 829. 
Forge, Native, 291. 
Forging press. See Press, Forging. 
Forging tungst.en steels, 4-14. 
Forgings, Annealing of, 846. 
-- Bending of, 845. 
-- Bessemer metal for, 837. 
-- Crank shafts, 84 7, 848. 
-- Crucible steel, 837. 
--Design of, 835, 846. 
-- l'inishing, 840,846,847. 
-- Flaws in, 847. 
-- Fuel consumed in makmg, 846. 
-- Hammered, 840. 
-- Hcavy, 840,847. 
-- Rollow, 882, 908. 
-- lngots for, 839, 8!7. 
-- Iron, 840, 841, 843. 
-- :Machioing of, 845, 846, 847, 84S 
-- Mothod of producing, 840. 
-- Oil tempering of, 437. 
-- Pressed, 853, 854, 855, 
-- Sawing of, 847, 849. 
-- Siemens' steel for, 837. 
-- Turning of, 846, 847, 848, 849, 850, 

851. 
" Former/' 575, 609, 610, 615, 624. 
Freezing point cu;ve of copper-silver alloys, 

356. 
-- of aalt solution, 354. 
Fremont, im¡iact. test, 322. 
Frick electric furnace, 263. 
Friction•elutch, 632, 775. 
Frisbie, on charging fue!, 657. 
Fritz, John, inventor of three-higb mili, 596. 
Frodingham Steel Works, 470. 
Fuel, Consumption or, in coal-fired fumace, 

533. 
---- in crucible melting, 260. 
---- in furnace-fired boilers, ii35, 536. 
---- in gas-fired fumaces1 560. 
-- --· - in Gorman's furnace, 541. 
---- in hand-fired boilers, 535. 
---- in inclined fumares, 547. 
---- in Morga.n's furnace, 547. 
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Fue!, Consumption or, in Pietzk:1's fumnce, 
546. 

____ in Ponsard's fumace, 541. 
____ in Price's fumace, 5-U. 
____ in reheating furnaces, 560. 
----in Siemens' reheating furnace, 

538. 
____ in slack-fired fumace, 534. 
Fuel Cost of, 830, 831. 
- _ _: Eco11omy of, 678. 679, 687, 831, 833. 
__ for producer!', 129. 
_ Quality of, 531, 535, 536, 574. 
"Fuller," f>OO. 
Fume from converter, Analysis of, 81. 
Furnace, Air, 574 
__ Annealing, 534, 895,915,927. 
--Bar, 791. 
- Batho, 180, 181. 
_ Campbell, 148. 
__ Carburising, for armour plates, 285, 

287. 
__ C'cmentation, 241, 242. 
_ Crucible pot mclting, 251. 
____ ¡!as-fired, 2fi8-260. 
__ Electrical, 1:"rick, 263. 
_. - Giffrc, 277. 
----Gin, 276. 
____ Girod, 271, 272. 
____ Gronwal, 273-275. 
__ Héroult, 267-269. 
__ Hiorth, 263. 
__ -- Induction, 261. 
__ Keller, 270, 271. 
__ Kjellin, 261, 262. 
____ Roohling-Rodenhauser, 26ll-266. 
____ Ruthenberg, 275. 
____ Stassano, 277, 278. 
__ Ga~-fired, for crucible stcel, 258-260. 
__ Renting, 844. 
__ Reheatlng, Allen's, 547. 
__ -- Bagley's, ~34. 
____ Bicheroux s, 540. 
____ Boetius', 540. 
____ Bottoms for, 553. 
____ Charging of, :334. 
____ Coal-fired, 531. . 
____ Comparison of var1ous systems, 

533, 534,559,:360. . . 
____ Consumption of fue! llL See 

Fuel, ConSltmption o/. 
____ Continuous, 546. 
____ Draught in. 531, 534, 535. 
____ Efficiency of, 554. 
____ Ekman's, 546. 
----forforgings, 878,879. 
__ Gas-fired, 537. 
____ Gorman's, 541. 
____ " Gravity discharge," 547. 
____ Hollis', 546. 
____ Inclined, 546. . 

2 ____ Materials for constructmg, 55 · 
____ l\fethods of working, 533, 543. 

1 ____ }foor, 534, 560. 
____ Morgan'R, 547. 
____ Muffle, 835, 

Furnace Reheating, New form, SiemeDS', 
' 541.544, 

____ Non-reversing, 541. 
____ Pietzka's, 545. 
____ Ponsard's, 541. 
____ Price's, 541. 
____ Radcliffe's, 541. 
____ Raising steam with, 534. 
____ Recuperators for, 541. 
____ Regenerators for, 54.0. 
____ Reversing, 542. 
____ Siemens', 53S, 540. 
____ Siemens' ncw form, 54.1-5-44. 
___ Slack-fircd, 533. 
--·--Slag from, 531. 
____ Soaking pits uscd as, 548. 
____ Swindell's, 541. 
__ --Talbot's, 547. 
____ Vertical, 547, 550. 552. ~ 
__ --Waste in, 533, 534, 540, ~47, 

551,846. 
____ Water evaporated by, 535. 
____ Weardale, 546. 
__ Reverberatory, 574. 
-- Siemens' new forro, 258, 260• 
--old type, 142. 
-Tilting, 147-149. 
__ Wellman, 149. 
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Galloway's, Ltd., Engines by, 6~3. . 
--method of handling reversmg engines, 

689. 
_ Presa by, 875. 
Galvanlsed sheets, 919, 920, 921. 
Galvanising, Bath for, 919. 
__ Cold prooesses, 924. 
___ Cowper-Coie's process, 925. 
·-Disadvantages of hot process, 924. 
__ Dross from, 921. 
--- Dry, 925. 

24 __ Electro-deposition of zinc, 9 • 
__ Flux for, 919, 920, 924. 
__ Heathfield's proccss, 920. 
__ Hot, 919, 920, 921. 
__ In,vention of, 919. 
__ of irregular shapes, 924. 
__ Machina for, 921, 922, 923. 
__ Modero procesa, 919. 
_ Old dipping proccss, 923, 924. 
-- platea for torpedo boats, 925. 
_ sheets, 919,920. 
__ Spent acid from, 926. 
__ tubes, 924, 925. 
--wire, 917. 
Gamma !ron, 359. 
Ganister Analyses of, 13, 232· 
Garrett'; wire-rod mili, 803, 804. 805, 811. 
Gary steel plant, 4 70. 
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