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INTRODUCTION. 

The well known hydrocarbon phenanthrene was first 

discovered and investigated 1n 1872 by Fittig and Oster

mayer, who separated it tram the higher boiling distilla

tion products or coal tar. These men turther proposed 1n 

their original paper, by reason of its oxidation to 

o diphenic acid and the analysis of its quinone and other 

derivatives, the constitutional formula attributed to it 

at the present time. 

Since the day of these early investigatorsp many 

orkers have attacked its numerous compounds and substitu

tion products. Great fascination was lent to the research 

by the early discovered fact that it was the basal sub

stance ot the morphine alkaloids. At the present time 

acti e 1nvest1 at1on is still being carried on in this 
. 

dir ction, with the result that one or more closely re-

lated compounds have recently been prepared, and the syn

thesis ot morphine itself grows daily nearer. 

It as hoped to find also, among the derivatiTes 
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or phenanthraguinone, various dyes similar to the ant:tua

quinone series. This desire has not been realized as yet, 

although the field is by no means exhausted. 

In connection with the former line of research, 

there m~y be mentioned, among several others, the ex

tensive work ot Professors Robert PBchorr ot the 

University of Ber11n, and JUlius Schmidt, of the Kenig

lichen Technisc~en Hochschule at Stuttgart, and their 

students. 

Apart trom its relation to various alkaloids, the 

especial claim or this hydrocarbon to importance is in a 

large measure due to its comparatively cheap and plenti

ful source or supply. It occurs to ·a considerable per

cent 1n the coal tar distillates, in Which it was orig

inally discovered, notably 1n that fraction which passes 

over between 270 and 350°c., and is commonly called anth

racene oil, trom its most important constituent. In com

mercial practice, crude anthracene is largely recovered 

from this traction, tor the manufacture of the valuable 

dye al1zar1ne. The process consists in cooling and fil -
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tration or the semi-solid oil, and subsequent treatment 

of the solid residue to heavy pressure 1n the hydraulic 

press, after which the cakes are broken and washed with 

coal tar naptha or other light oils. This last washing 

removes the associated phenanthrene in a more or less 

pure condition, and the latter 1s thus produced as a by

product almost worthless at the present time. As stated 

in epitaph by the text-books, the residue or phenanthrene 

is usually burned ror the production ot lampblack, atter 

recovery or the light oils by a process of distillation. 

constitu.t1on of Phenantbrene. 

In constitution phenanthrene has the empirical 

tormu.la C14H10 and a structural formula as follows. 

The various substitution points are commonly 



numbered as shown. The double bond and two carbon atoms 

at 9 and 10 torm the weakest place 1n the ring and are 

frequently called the 'bridge.• It is at these two 

positions that the compound ox1dizea to torm its qu!none, 

and substitution in general takes place easiest there. 

The constitution has been established by several 

reactions, three of Which are as follows. 

1st. By its formation from tolnene, d1benzyl, 

stilbene, and especially o di t olyl, on leading their 

vapors through a red hot tube. 

HO-OH +~ij< 
\ / 1-1 

11 C= e 
I I 

H II 

2nd. By its formation, with anthracene, rrom o 

brom benzyl bromide on treatment with sodium and subse

quent oxidation. 



Ii H Ii Ii Ho--ol( + 4-N4:Br+ Hr. 

H '\. / I\ 
C=C 
I I 

Ii Ii 

3rd.. By its oxidation t o o d1phen1c acid 

H H Ii H 

HO-OH +?.Oz. 

H ' / H 

HO-OH 
C:: C H I I II 
I I 
H H COOH COOH 

Pertinent to this particular research also is the 

easy formation or the dibromide addition product and its 

rapid decomposition at 100°, to the 10 monobromphenan

threne. 

HO-OH HO-OH 
H ' / H H\ / H 

Br-C -C-]!,,. C= C. 
I I I I 

+ HBr 

H H H Br 

5 



The reaction also between sodium alcoholates and 

bromine substitut i. on products will be clearer if stated 

as follows. 

:--f\-zCH3 
H \___)--\___) H + NaOC H.3 :::: + N Cl'Br 

H H H 1-i 

6 

To make more apparent the causes of the difficult

ies experienced in working with higher phenanthrene com

pounds, the author has made out a list of the theoretical

ly possible substitution products. In unmixed substitu

tion products, the theory gives 5 mono, 25 di, 60 tr1, 

and 109 tetra. Above the penta will be seen that the 

number again diminishes. With mixed derivatives t he 

possibilities become almost 1Dlllleasurably numerous. 
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Object ot the Research. 

The original purpose ot this investigation was to 

prepare and study more thoroughly certain ethox.y and 

methoxy dibrom phenanthrenes previously discovered by 

Miss Edith M. Thomas. These had been produced by treat

ing mL~tures o! th~ lower bromine compounds ot phenan

threne With sodium methylate and ethylate respectively, 

and were described by her in a thesis presented 1n 1903 

tor the Master•s degree at the Uhiversity of Minnesota. 

After working 1n this direction with 1nd1tterent 

success, 1t was later decided to prepare a number or the 

higher brom phenanthrenes, with the intention of finally 

substituting etho:xy or other groups for the bromine in 

these. Small quantities of three or .tour higher bromides 

were produced, including a new tetrabromide, but the 

treatment ot these later compounds to replace the bromine 

was not carried out as planned. The research was begun 

at the suggestion or Dr. Geo. E. Frankforter and carried 

forward under his direction. 
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Outline and Discussion Of the Work. 

For the production of the red ethoxy and methoxy 

compounds , s1x preparations or 9-10 dibrom1de and 10 brom 

phenantlll'ene were made at non-conaecut1Te times. Four ot 

these were ultimately treated with sodium ethylate and one 

with sodium methylate. The sixth preparation was treated 

with additional bromine to form a higher substitution 

product. The sodium ethylates were successful in produc

ing a red compound in each case, but aodium methylate had 

no definite effect. 

FolloWing the above work, five different experi

ments were next carried through to produce hig,her brom 

compounds directly. In the first of these the brom1nat1on 

was made in carbon disu1ph1de solution and in the second 

vapors of bromine were passed over the boiling hydro

carbon. In the last three, solid phenanthrene was treated 

w1th 11qu1d bromine undiluted. C.P.Phenanthrene was used 

throu~..hout the experiments. 

In discussion ot the preparations ot the dibromide 
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and monobrom compounds there is little to be said. They 

were made according to the mP.thods or Miss Thomas and 

later of Hayduck (see List of Papers, p. 20 ). These com

pounds are not the proper starting point for the pro

duct ion ot an ethoxy dibrom phenanthrene. BUt it was 

thoue.ht best to se, for a time, the method by which the 

latter had been first prepared. To produce sµch an eth

oxy dibrom compound, it is evident from the reaction (p.6) 

that atribrom phenanthrene must originally be present. 

If the red substance prepared 1n this 1nvestf)gat ion is 

composed entirely of the former, it has then resulted 

only from the presence of the tri compound in the monobrom 

mixtures. The tour expP-riments performed gave Tery small 

yields or red substance, and the reason is thus plainly 

apparent. In this case it is seen that the purer the raw 

materials used the poorer is the gain 1n the product 

SOUSht. 

Concerning these ethoxy experiments it must also be 

mentioned that the red compound produced, While very 

probably original With Miss Thomas and previously unknown, 
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has not been identified with certainty, by the author, as 

ethoxy dibrom phenanthrene. In the table giTen on page 

16, 1t appP.ars similar, except tor the melting point, 

to the later discovered 2-7 D1brom phenanthrene quinone, 

prepared by Schmidt and Jungha.us, and has a similar per

centage ot bromine. (See table p.14- ). FUrther, metho:xy 

and ethoxy compounds and their bromine derivatives will 

be seen to be generally colorless, Where color is mention

ed, while quinone and hydroxy compounds are uniformly 

colored. Even lliss Thomas• methoxy compound is colorless, 

which should be noted. It appears possible, therefore, 

in view or the deep red shade or the substance, that in 

some manner the brom ethoxy compound first produced may 

have become oxidized to a qu1none, or a bydroxyl group 

have been introduced by sapon1r1cation. This is made the 

more likely by the tact that 1n some cases the color was 

developed very slowly. 

Whether the reaction is due, however, to the intro

duction or an ethoxy or a bydroxyl groupm or to the forma

t !on Of a qu1none, it seems probable, 1n either case, from 
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the analyses ( 36.6 - 38. ~ Br - see table p. 14-, ) , that 

the compound produced is a mixture of mono and dibrom 

derivatives of s1m1lar properties. The ethoxy and hydroxy 

dibrom phenanthren~s and the dibrom qu1none, all have per

centages above 4-2%, and the similar monobrom derivatives 

all under 31%. The introduction also, or more than one 

etho~ or hydroxyl group is unltk.Jely 1n view of its neces

si tat1ng a tetrabrom compound, and an ethoxy or hydroxy 

quinone will be seen not to lower the bromine percentage 

to that of the compound analyzed. In conclusion then, it 

had best be said that the composition of this red substance 

remains still decidedly 1n doubt, and demands further ex

perimental work for its final solution. 

The most important tact to be mentioned concerning 

the second half or the investigation, is the preparation 

of a new tetrabrom compound. The other preparations were 

small 1n amount, and are or corroboratory interest only, 

since they appear identical with compounds made by previous 

investigator s. They were originally to be used 1n the 

production of various other derivatives; but this design 
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was not carried out accord1ngtto intention. In every 

case, in these experiments the inves t igation was much 

impeded by the production of large quantities or sticky 

oils, that contained recoTerable crystalline solids onlY 

in small proportion, and in some cases not at all. The 

oils were undoubtedly mixtures of various liquid and solid 

bromine compounds and their isomers. A number of addition 

products were also possibly present, since on distiJlation 

much of H Br passed off 1n somP. cases, with little sign or 

decomposition. The more unimportant compounds prepared, 

are as follows: 

lat. A dibrom compound, crystallizing in yellow tables 

and melting at 158°; similar to that produced by 

Zetter, W'.hich melts at the same temperature. 

2nd. A dibrom melting at 208°, and possibly the same as 

the one melting at 202° prepared by Hayduck and 

L1mprecht. 

~rd. A tetrabrom of long silky yellowish needles, melt-

1na at 187° and very probably the tetrabrom or 
Zetter, melting at 185°. 
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The new tetra bromide produced melts at 235° and 

crystallizes in long silky fibres that matt easily 

t o~et~er on a suction plate. No mention or this compound 

has been found during an extensive search through the 

phenanthrene literature. The impure mixture, trom which 

it was isolated, appears, trom its melting point of 180-

22~0 and other properties, to be possibly largely composed 

ot the tetrabrom phenanthrene, prepared by zetter and 

melting at 183-185°. 

Tha following tables give a list ot the various 

bromine compounds or phenanthrene and some ot their prop

erties and bromine percentages. It should be noticed that 

the Wh1ta metho:xy dibrom compound made by Miss Thomas ap

pears identical with that produced by Pschorr and Jaeckel, 

whose results were published in 1900. (See table p. 19 ). 



Table 1. 

Bromine Percentages. 

Analysis of red compound. 

lst. 

2nd. 

,3rd - Light colored 

Miss Thomas • 

Ca lculated for 

c i ljliaJ3r 2 

C1ij}I7Br20H 

C14}16Br202 

c11J.H~r 2oc2H5 

c11J.H5Br 2o2oc2H5 

C14H6Br2(0C2H5)2 

c11J.H~r 

c1i+H8Br OH 

C1lJH7Br 02 

C1J.tHgBr OC2H5 

38.4-0 

37.56 

36.60 

lJ.3.6lJ. 

lJ.7.lJ. 

lJ.5 • .5 

14-3. 7 

lJ.2. l 

39.0 

37.7 

31.1 

29.3 

28.9 

26.5 

llJ. 
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Table 2. 

Bromine nmnounds. 

Four-sided prisms. 

Monobrom (10 C14H9Br) 

Yellow needles 

Thin i'V'hi te prism. 

Dibr<Sms. 

98° Hayduck, Zetter 

Fettig & Ostermayer 

63° Ha.yduck, zetter 

63• L1mprecht. 

2-7,Long, colorless needles. 199-200°Schm1dt 

??, yellow.Wh1te,cryst.powd. 

?-10, white needles 

??,Long white needles 

??, Tables. 

Tribroms. 

???, White, silkY needles. 

Tetrabroms. 

???? White to pale yellow 

202° Hayduck, L1mprecht. 

ll2-113°Werner 

11+8° zetter 

158° Zetter 

126° Zetter, Ha.yduck 

Limprecht. 

185° zetter. 
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Melts. 
Hexabrom 

snow white needles. zetter 

Brom Q,uinclnes 

2, yellow tables and needles 233-23~0 

?, Nodular aggregates 126° 

Dibrom Q,uinones 

2-7, Fiery brick red 323° 

??, Yellow warty masses 230° 
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Table 3. 

Hydroxy, .Methoxy and. Ethoxy Phenanthrenes. 

Color Crystallization Melting Points. 

Hydroxy· 

2 White Lustrous leaflets 168°, 169° 

3 Colorless Grou~ot needles 118-119°, 122-123°. 

10 White Lustrous needles ll.J.8-1~9°, l.52° 
(Oxidizes pink) 

Methoxy. 

1 White Long sillcy' needles 103°, 105-106° 

2 White Leaflets 99°, 100-101° 

3 White Lustrous plates 630, 60-61° 

~ White Glistening Plates 68° 

Ethoxy. 

3 White CrystaJs ~20 

Dimi tho:xy. 

2-3 White Platea 131° 

3-4- Colorless Lustrous plates !J.4.0 

Trinethoxy. 

1-5-6 Colorless Leaflets 1.35°, 138° 



:eydroxy 

TablP- l.J.. 

HydroJt.--y, Me thoxy and Etho:xy 

Phenanthrene Q,uinone. 

Color Crystal 

qui.aones. 

2 Violet black Slender 

3 Brick red Needles 

3 Yellow red Needles 

14- Red Powder 

:U:etho:xy qu1nones. 

2 Dark red Needles 

3 Orange Needles 

Ethoxy qu1nones. 

2 Red Leaflets 

3 Orange lleedles 

Dimethoxy qu1nones. 

2-3 Dark red Needles 

18 

Form Melting Points. 

needles 280-283° 

No M.P.Sublimes. 

330° 

285° 

170-171° 

208° ,204-205° 

160-161° 

207-208° 

3ol.J.o 
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Metho:xy Brom Phenanthrenes. 

and Brom ~u1nones. 

19 

Color Crystal Form Melting Points. 

Metho:zy 

2 Meth.? Brom 

3 Meth.?? Dibrom 

lf. Meth.?? Dibrom 

D1methoxy 

2-3 D1M??Dibrom 

3-~ D114??D1brom 

Tr 1metho:xy 

Pale red 

Colorl~ss 

Needles 

Meedles 

Needles 
( Miss Thomas 

Needles 

Neecnes 

1-5-6 Tr1M.??D1brom Colorless Needles 

2 Methoxy 

??D1brom ~u1none Reddish yellow Needles 

2-3 Dimetho:xy 

? Brom ~uinone Brownish " Crystale 

176° 

150° 

152° 
152°) 

160° 

124-0 -125° 

160° 

158° 

(No I\Ydroxy or Ethoxy Bromides or Brom ~u1nonee 

were found). 



EXPERIMENTAL PART. 

Preparation of the 9'-10 Dibromide and 10 

Brom-Phenanthrene. 

Preparation 1. 

20 

Ten grams of phenanthrene were dissolved in 30 

c.c. or carbon tetrachloride 1n a small flask, and the 

vessel placed 1n ic~. When the liquid had reached the 

temperature o! the ice, it was found that this amount of 

solvent was insufficient to keep the hydrocarron in solu

tion, and 10 c.c. more solvent were therefore added. Into 

this, then, 5 c.c. of bromine (about two molecules), dia

sol ved ic1 5 c. c. tetrachloride, were slowly poured, the 

reaction liberating copious +umes of hydrobromic acid. 

TherP. occurred a slow formation of medium sized crystals, 

w~1ic i finally filled up the liquid to form a fairly solid 

mass. When the evolu~1on or gas had become very slow, 

more solvent was added and the flask allowed to stand 3 

hours. At the end or this time the crystals were drained, 

was e' by decantation with tetracl1loride, and recrystal-

11zP.d from hot chloroform • .5t grams were obtained of 
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light yellow tables, rr.alting at 91°. The pure C1i+H1oBr2 

melts at 98°. 

21 

On dissolving on the water bath for further puri

fication, the preparation was accidentally allowed to go 

to dryness and by this process the dibromide was partially 

decomposed. The mass ias therefore heated until no 

turt11er ;mr tumes passed ott, a characteristic odor being 

no iced at the same time, which was not d:.ie to HBr. In 

the dish a dark-red viscous liquid remained, which would 

not crystallize from alcohol or ~ther. It was found to be 

very soluble in ether, but only mod~rately in chloroform, 

and much less in alcohol. 

Preparation 2. 

Ten c . c. (or about 6 molecules) of bromine, dis

solved in carbon disulphide, were slowly added to 10 grms. 

or Phenanthrene 1n 50 c.c. of CS2 , with the vessel packed 

1n ice as in the previous preparation. The reaction pro

ceeded 1n a similar rna.."111~r with the evolution of HBr. 

The crystals produced werP. dislodged, washed into a crys

tal izing dish, and allowed to stand over night, at the 
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-enc1 or •rhich time both the solvent and the excess or 

bromine had evaporated, and the preparation was recrystal~ 

lize ttu1 ?.e times from chloroform. seven grams of pure 

crystals were obtained, which were similar to the preced

ing ones, but melted at 100°. In the mother liquor from 

the crystallizations, a few atar--shaped clusters of thin 

yellow needles were noticAd; but these were not enough to 

warrar4t further investigation. 

Preparation 3. 

Thirty gra.~s or phenanthrene dissol~ed in 100 c.c. 

ot car on disulphide were treated, as in Preparation 2, 

wi t:t1 15 c. c. (or about 3 molecules) of brom:Ine , allowed to 

stand for a few hours, and poured into a crystallizing 

dis . On the following morning the mass still contained 

carb n d1sulph1tte and ·orcIHine. The · ::..·Ei-aration was then 

left uritouche<l for s~veral days, an the dibromide havii.1g 

partially ~acvmpoJd~ during that time, it was heated on 

the water bath until EBr fUliles ceased to come off. A very 

strong odor was noticecl, different from Preparation l. 

Yield of oil, 25 grams. 



Preparation 4-. 

Twenty grams ot phenanthrene, dissolved in 100 c.c. 

or carbon disulphide were treated with 10 c.c. ot bromine. 

The flask 1n this preparation was stron y cooled and the 

HBr tumes scanty. .After stand~ng two hours, the solvent 

was d~canted trom the yellow crystals and the latter 

placed 1n the sun until tree trom bromine. Yield 10 grms., 

melting at 104-0 • A small amount was continuously heated 

and kept liquid until HBr tunes ceased. The soli41t1ed 

C1lµI9Br melted at 57°. 

The solvent, decanted rrom the original crystals, 

gave on spontaneous evaporation 17 grams or a light yellow 

semi-oily ll'iaas, similar in appearance and odor to the pre

c ding oils. It was heated at 100° ror a short time, very 

little HBr being given ott. strong cooling did not cause 

it to solidity. 

Preparation 5. 

Fifteen grams ot phenanthrene were dissolved 1n 

carbon disulphide and treated, as in the preceding experi

ments, with 18 grams or bromine. There was obtained trom 
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this 2.5 grams or yellow crystals or dibromide, which were 

heated on the water bath until ltBr tumea ceased. The 

soliditi~d compound gave a melting point or 60°. The 

yellow ill-smelling oily mass lett rrom evaporation or the 

carbon disulphide was treated with ether, 1n Which the 

larger portion dissolved with great ease, leaving however 

about a gram or a 11gl'1t yellow powder, melting at 208°. 

This possibly contained a quantity or ttt"e dibrom compound 

mentioned by Hayduck and L1mprecht, Which melts at 202°. 

From the evaporation or the ether 18 grams or a 

dark-brown oil were obtained. This on distillation gave 

ott a small amount or water with violent bumping, and 

later great quantities or HBr tumes. The distilling 

flask cracked at this point and the operation was discon

tinued, but 1r: a later attempt the oil passed over between 

335 and 350•, liberating larg~ quantities or HBr. The dis

tillate appeared similar to 10 C1iµI9Br. 

Preparat ion 6. 

Twenty grams ot phenanthrene, dissolved in 70 c.c. 

ot CS2, were treated with two molecules or bromine. The 
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flask was ccP led with a mixture ot ice and salt, and the 

bromine added very slowly rrom a separatory tunnel, very 

l i t t le H!r being liberated. On partial evaporation, a 

heavy prec ipitate of the dibromide was deposited, and 

trom t his the solvent was decanted, a nd the crystals 

washed and treated to torm the 10 monobromide. This 

latter on recrystallization with carbon disulphide 

yielded l8i grams. 

Six grams of oil were lett after evaporation or the 

solvent and bromine. On distillation great quantities ot 

HBr wer e given ott, as in the preceding preparation, and 

the oil . passed over between 335 and 355°. The distillate 

solid i fied 1n the receiver to a yellow brown mass having 

the cons1stencY ot cheese. The crystallization showed it 

to be 10 C11J.H9Br. llelt1ng point 63°. 



Treatment or the Bromine Compounds with 

Soditun Ethylate. 

Experiment 1. 

26 

The 5 grams or oil resulting rrom the let Prepara

tion ot the 9-10 Dibromide, consisted mainly ot 10 mono

brom phenanthrene with small amounts or isomers and higher 

bromides. This was dissolved 1n a small quantity ot ab

solute ether, poured into 60 c.c. absolute alcohol and a 

number ot short pieces or sodium wire Slowly added, tne 

reaction between the sodium and the alcohol being very 

violent. After a rew moments dark red crystals began to 

collect at the bottom or the r1ask. This continued tor a 

short time; but later the oil appeared to be deposited and 

more ~ther was theretore added and the flask shaken. Wh.~n 

the reaction had proceded tor s9mP. time turther, the pre

paration was placed on the water bath, more sodium intro

duced in small amounts and the Whole allowed to stand 

several hours. 

At the end or this time the action was judged to 

be complete and the crystals were tiltered out, washed 
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with absolute alcohol and recrystallized tram ether. 

About a gram was obtained or light, slender, :r1ur:ry 

needles of a beautitul deep red color. They were almost 

insoluble in alcohol, and only slightly in ether, but 

prov~d someWhat more soluble in benzol. At 270° they 

darkened someWhat, but d1d not melt below the boiling 

point o! sulphuric acid. They were later :round, on care

tul examination w1th a lense, to consist or two compounds 

intimately associated, one ot which had lent the color and 

the other the crystal torm to the mixture. The red com

pound was very tinely divided and apparently amorphous, 

while the colorless or light colored substance crystalliz

ed in branching needles. They were SP.parat~d by recrys

tailization trom benzol, the wh~te ones be1P.g the more 

soluble. These were untortunately spilled and lost betore 

the end ot the operation. The red compound resulting did 

not melt below 350• c •• and was anal1zed tor romine as 

:t'ollO\'TB :-
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Detenn1nat1on ot :Bromine - let Red Compound. 

car1ua.' Method. ( 1 gram AgN03 ) 

eight Substance and TU be 1.8698 

Weight tube 1.6701 

Weight substance .1997 

Weight crucible + AgBr 6.5260 

Weight crucible 6.314-58 

Weight Ag:Br .1802 

Weight :Br. .0767 

Percent 38. l~ 

Percentage Bromine 3s.~ 

Later determination 37.56 

• • 36.60 

W.ss Thomas• Analysis it-3.64 
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EXper1ment 2. 

The 25 grams ot oil, trom the 3rd Preparation or 

the dibrom1de, was treated in a similar manner to the pre

ceding · exp~r 1ment, with similar results. Thirty grams or 

sodium were used, and about lOO c.c. of alcohol. A small 

amount ot a tine White precipitate deposited during the 

reaction, and was round to be soluble in water and alcohol. 

About 3 grams or the red compound were obtained, Which ap

reared lighter than the previous preparation 1n color, 

but did not melt below 350°0., and had the same solubility. 

The substance was recrystallized a large number or times 

!rom benzol, and was separated by t .his process into two 

portions of ditterent shades, or which the darkPr was the 

less soluble. About a liter or solvent was used in each 

case, and this dissolTed only a traction or a gram or sub

otance. The darker batch had the same color as the pre

ceding preparation, and the lighter was therefore tested 

tor bromine as tollows:-
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Bromine Determination - Lighter Red compound. 

Weight substance and tube 1.9211 

weight tube 1.6685 

Weight substance .2526 

Weight crucible + .AgBr 6.5351 

Weight crucible 6. 311'-1 

Weight AgBr + glass .2210 

weight glass • 004'0 

Weight AgBr .2170 

Weight Br .092~ 

Percent 36.6 
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Experiment 5. 
The 7 grams ot C1lj.H1oBr2 crystals, trom the 2nd 

Preparation or the dibromide, were dissolved 1n 80 c.c. 

ot absolute alcohol and 10 grams or sodium slowly added. 

The reaction was violent, and the solution turned first 

milky White and later a chocolate color. No precipitate 

tormed during the reaction, nor on standing, several hours. 

Atter a number or days the solution turned red and de-

pos 1 ted on slow evaporation 1n the air, t1rst a red solid 

and later a red oil, both ot Which were mixed with a solid 

mass consisting or unknown quantities or sodium ethylate 

and its decomposition products NaOH and Na2co3• The pre

cipitate was thoroughly washed with water to remove these 

latter, and the oil dissolved in ether, leaving a few 

hundredths of a gram ot red solid, which was recrystalliz

ed trom the same solTent. Solid and oil were similar in 

propertiP.s to those ot the preceding exp~riments. 

Exper 1ment it. 

The 17 grams or partially solidified oil, rrom the 
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5th Preparation of dibrom1de, were dissolved in 25 c.c. ot 

abs. ether and 125 c.c. ot abs. alcohol and treated with 

10 grams or finely cut sodium, the flask being placed in 

ice to prevent evaporation ot the golvents. The solution 

immediately changed trom~ep yellow to rose color and 

finally to a dull brown. On standing over night the red 

compound deposited, and was removed and washed with alco

hol and ether. A slight precipitation continued tor 

several days, rrom which the solution was decanted at in

tervals, until finally the deep red oil appeared. The oil 

was removed and washed with water and the red solid re

crystallized several times from ether. Yield 1.2 grams of 

solid and 15 grams o! oil. Solid and oil similar to pre

ceding preparations, so11d having the same shade of color 

as that first prepared. The solid was analyzed tor 

bromine as follows:-



Determination of Bromine - 3rd Red Solid. 

weight of substance and tube 

Weight tube 

Weight substance 

Weight crucible + .AgBr 

weight crucible 

Weight AgBr 

Weight Br. 

Percent. 

Previous determination 

• • 

l.!610 

1.6688 

.1922 

6.7155 

6.5~55 

.1700 

.0723 



Distillation or the Oil. 

The 15 grams or oil, obtained from the previous 

experiment, were subjected to distillation, using a dis

tilling flask having its delivery tube cut otr short. 

Below 120° small amounts of water passed oft, with much 

snapping and crackling. The thermometer then rose rapidly 

to 3>+o0 and a gray vapor appeared, which was partly HBr. 

After a tew minutes, the oil began to pass over, giving a 

liquid distillate at tirst, but later one which im.~ediately 

solidified, the temperature rising to 360°. It was de

cided trom the fumes of HBr that the high boiling 011 was 

being largely decomposed and the operation was discon

tinued. 

A later attempt was ma.de under diminished pressure, 

keeping the flask at about 35 m.m. A small amount ot 

water again appeared, with a similar disturnance, which 

in this case increased until the liquid was bumping with 

great violence, and part had been thrown into the side 

tube. A portion ot the distillate having also solidified 

1n this tube, the distillation was sto~ped and the ipass 



removed. :rum.es ot H :sr were given orr during the d1s

til~ at1on, and it was noted that the contents ot the 

flask, which was red at the beginning or the experiment 

had changed to brown. On continuing the process, the 

tube again choked up rapidly and 1t was again necessary 

35 

to stop the distillation and clean it. The pressure was 

kept at about 35 m.m. as before, H Br being also giTen 

otf and the thermometer reg ster1ng 195-200°. On attempt

ing a third time to continue the process, the bumping, 

which at no time had been absent, became or such exception

al violence that ~t was useless to continue the distilla

tion. Glass beads were tried w1ihout success and the 

entire method therefore given up. 

This attempt under vacuum having proved Wlpleasant

ly troublesome, the distillation was again tried at atmoa

pheric pressure. Possibly due t o t he fact t hat all water 

had finally been removed, no bumping was experienced, and 

the liquid passed over quietly between 335 and 350°, g1 -

1ng ort large volumes or H :sr. The distillat e as a 

light brown oil, Which sol1d1t1ed to a dark yellow mass. 
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On recrystallizing, clusters ot yellow needles were ob-

tained, melting at 63°. These were undoubtedly the 10 

monobrom phenanthrene. 



Treatment ot the Bromine Compounds with 

Sodium Ethylate. 

Exper 1men t 1. 
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The detailed notes ot this work have been lost. 

It is known, hoWP.Ver, that the 10 grams ot C1itH1oBr2 trom 

Preparation ~. or the 17 grams of oil or both, were treat-

ed with methyl alcohol and sodium in much the same wa:y as 

the previous experiments. A red oil was obtained, but no 

red solid or other compound ot interest. 

Experiment 2. 

The crystals or 10 monobrom phenanthrene, obtained 

by distillation ot the 01.1 produced in Exp~riment !J., just 

described, were treated with metbyl alcohol and sodium 

methylate. ~1ve grams ot the substance were used, and 

the equivalent or a molP.cule ot sodium metJ:zylate dissolved, 

ln 100 c.c. or absolute methyl alcohol. The solution was 

allov1ecl to stand two days, warming to the boiling point at 

intervals. It was then evaporated slowly to dryness, and 

washed with water to remove sodium hydroxide and carbonate. 
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On recrystallization of the residue trom alcohol, it was 

found to be unchanged 10 brom phenanthrene. The wash 

water was neutralized with dilute HCl and evaporated to 

dryness, small amounts ot oil depositing and being re

moved.. on extract 1ng the solid. mass w1 th ·ether, a slight 

amount of oily monobrom phenanthrene was further recovered, 

but no new compound was obtained and no red color· developed 

d ur 1ng the exper 1men t. 



Treatment of 10 Brom Phenanthrene to Produce 

Higher Bromides. . 

The l!f ·grams ot 10 C1iµl9Br, from Preparation 6 or 

the dibromide, were dissolved in carbon disUlphide and two 

molecules ot bromine added. The mixture was heated in a 

tlaek with a reflUx condenser tor two days, and, as part 

or the bromine was vaporized, small amounts were added at 

intervals. A dark colored viscid oil was obtained, Which 

deposited crystals on et_anding. The crystals were t1ltered 

trom the oil by suction, and, on recrystallization, yield

ed 8 grams ot silky, yellowish-white needles, Which melt

ed at is7•. These were very probably the t trabrom com

pound described by Zetter, and melting at is,•. Twenty 

grams ot oil remained. 

I 



Treatment ot Phenanthrene 1n Solution to Produce 

Higher Bromides. 

~itteen grams or phenanthrene were dissolved 1n 

60 o.c. or carbon disulphide, and heated with ~5 grams 

(or 6 molecUles) or bromine tor three days, 1n a tlask 

1th a retlex condenser. At the end of this time, the 

HBr tumes had ceased to be giTen otf, and there remained 

in the tlask a dark brown viscid oil. On remoT1ng the 

contents to a crystallizing disn, and allowing to stand 

several days, tine crystals appeared throughout the n:ass, 

and these w~re separat~ oy long suction with a tilter 

pump. A second crop deposited on longer standing, and was 

similarly remoTed, and both products recrystallized trom 

carbon disulphide. lf grams were obtained or large, yel

lo , diamond shaped tables, Wl'lich melted at 15a•. These 

are the dibromide, 011JllsBr2, prepared by Zetter and melt

ing at the same temperature. 

Eighteen grams ot oil remained, and appeared 

similar to those prepared by heating phenanthrene with un-
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diluted bromine. On d1s.t1llat1on, large quantities or 
HBr passed ott, mixed apparently w1 th small amounts ot 

other non-condensible gases. The oil passed over at about 

370°, giving a clear amber colored distillate, containing 

some red colored tractions, evidently as impurity. on 
cooling to zero degrees, the distilled oil would not 

solidity, and differed, in this respect, from those pre

pared 1n the preceding experiments. 



Treatment ot Subliming Phenanthrene with 

Bromine Vapors. 

In this experiment, 75 grams ot phenanthrene were 

heated 1n a retort, through which bromine vapors were 

passed 1n a current ot carbon dioxide. The gas was pro

duced 1n a Kipp generator, and washed with concentrated 

sulphuric acid, being then bubbled throUgh a caretully 

heated flask containing liquid bromine. The retort was 

sharply inclined, and the inlet tube was carried trom the 

tubulature slightly into the neck, such that no substance 

depositing on the tube could drop back into the retort 

body. On passing trom the receiver, Which was tightly 

closed, the current or gas was led through wash bottles 

containing chlorotorm and sodium bicarbonate to absorb 

the bromine. 

The operation lasted about it hours, the distillate 

being partly liquid oil and part oily solids, Which, how-

9Ver, combined in the receiver to torm a clear red liqUid. 

ifteen grams ot black tarry residue remained in the re-
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tort, which it was attempted to purity, without success. 

on filtering the benzene so~ution, first through paper, 

and then a number of times through boneblack, it still 

remained or a dark color and was discarded. The oil had 

an aroma.tic odor when hot, did not solidity when cooled 

below zero degrees, and gave no solid matter on solution 

in ether. It was kept, but not investigated turther. 
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Treatment or Phenanthrene with UD.diluted Bromine. 

Experiment 1. 

Ten graw~ or phenanthrene were placed in a 3/~ 

inch glass tube, sealed at one end, and 5 c.c. ot bromine 

added. The reaction was quite Tiolent. The bromine was 

partially blown out or the tube, and lodged on the ex

per1menter• s fingers, - to the detriment of the fingers. 

Five grams or red, sticky oil were obtained, and several 

running sores. The 011 was not treated turther, attent ion 

being concentrated on the latter product. 

Experiment 2. 

J1fteen grams or phenanthrene were treated in an 

erlenmeyer tlask, with 20 grams ot undiluted bromine, at 

laboratory temperature. The reaction was Tigoroua, large 

quantities of H Br being given ott, and the mass assuming 

a yellow color. After the addition of the bromine, the 

tlaslc was heated tiTe hours on the watar bath, with a long 

tube as a rer1ux condenser, and on standing overnight, 

the contents had the appearance of a thick, dark-colored 



liquid. The preparation was then heated etght hours 

further; during Which tim~ small amounts of bromine werR 

added at intervals, and H Br continued to be gi en ott. 

There remained on final cooling a dark-brown sticky mass, 

from which ether d1ssolTed a dark-colored 011, leaT1ng a 

dirty, dark yellow residue. The latter on washing and 

crystallization trom the same solvent, yielded about a 

gram or light orange crystals, that did not melt below 

270°. 

The larger amount of ether was distilled from the 

oil, and the remainder allowed to evaporate 1n the air, 

thirty grams or a red-brown, very sticky liquid. being 

obtained. It was very soluble 1n ether, but only slightly 

soluble 1n alcohol, benzene, and 11ngro1n. On distilla

tion part passed over 370°, with evolution or H Br, but 

much remained as a charred mass. The distillate was a 

yellow oil , which did not solidify at zero degrees. 

On further recrystallization of the . range 

crystals trom benzene, there resulted a mixture ot large 



white prisms and smaller yellow needles. The former 

appeared to rapidly lose benzene of crystallization, and 

crumbled to powder. These were partly separated mechani

cally, and dissolTed 1n chloroform. on evaporation, this 

solution was accidentally allowed to go to dryness on an 

asbestos pad, and it was noted with great interest, that 

instead of a White residue remaining, there appeared 1n 

the dish a !lutt'Y mass ot small, delicate, dark-red needles. 

To turther investigate this change, the melting point or 

one of the tew remaining White crystals was tried, and it 

was tound to turn gradually red without melting, at about 

300°. 
The residue of yellow needles was again recrystall

ized, this time from chloroform, in order to recover as 

much of the White crystals as possible. A small quantity 

ot these was obtained, and was separated mechanically with 

much care. On trying a melting point, they also turned 

red, Which proTed them identical with the preceding. 

Examined with a lense, the white crystals w~re seen to be 

very definite hexagonal prism, the basal p1nacoid appear-
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1ng as plain as in a crystal model. A very small quantity 

only of both compounds was obtained. 

Experiment 3. 

Fifty grams or phenanthrene were placed in an 

erlenmeyer flask, and 75 c.c. (or about 10 molecUles) ot 

bromine added 1n small amounts, during an interval or 

15 minutes, the operation being carried on at laboratory 

temperatures. The reaction was very violent, great quan

tities of hydrobromic acid passing otf, and much bromine 

vapor. The flask was then allowed to stand two hours, 

with occasional agitation, at the end of Which time the 

contents had the appearance or a thick, red liquid, and 

the reaction had diminished to a slow regUlar evolution 

or gas. It was then placed 1n the sunlight outside the 

laboratory window ror two days, being taken inside during 

the night. The temperature as below freezing. At the 

end of this period, the contents had become solid at in

side temperature, and the flask was gently heated for 

several hou:·s until the slight remaining traces of brom

ine and H Br wAre removed. On cooling, a transparent, 



deep r ed solid of a resinous appearance remained. 

on treating this solid mass with carbon tetra

chloride, a red oil dissolved leaving 28 grams or a gran

ular, orange yellow residue, of lesser solubility. The 

latter, on three recrystallizations from tetrachloride, 

gave a yellowish White product without def1nitecrystale, 

melting at 190-198°. The filtrates from the crystalliza

tions were a much deeper yellow, and the top pieces of 

the solid turned yellowish rapidly on exposure to air and 

sunligllt. rt was very slightly soluble in alcohol, but 

dissolved sparingly in benzene and somewhat more easily 

in chloroform and carbon tetrachloride. The solubility 

in the latter two was much increased on heating. 

A systematic purification of the compound was next 

begun. The method adopted was that of boiling a small 

quantity with much c Cl~ in a large distilling flask, ad

ding more solvent until it dissolved, and then distilling 

until the compound showed signs of precipitation, finally 

pouring out into a large crystallizing dish to cool and 

crystallize. After several treatments of this sort, a 



white compound was obtained, Which melted at 226-228°. 

Th~ preparation was now at a standstill for six 

months. At the end of this time, the clear, red, syrupy 

oil which had remained from the original solution in 

carbon tetrachloride, had become brown and opaque and 

deposited a granUlar solid. By carefUl treatment with a 

small amount of carbon tetrachloride, 10 grams more of 

yellow compound was obtained. similar to that first pre

pared. The recrystallization of the partially purifiPd 

White compound was also continued, using the same method 

described above. Its melting point f1nal1Y became con

stant at 235°. The compound crystallized in long silky 

fibres, Which matted together on the suction plate, and 

was pure hite, and did not oxidize yellow on standing. 

It was very slightly solubl~, if at all, 1n methyl and 

ethyl alcohols, somewhat more soluble in ether, and only 

sparirtgly in benzene, chloroform and carbon tetrachloride. 

A liter of the latter t ro solvents dissolved when hot, not 

more than three or tour grams. About two grams of solid 
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were obtained. 

A bromine determination was made by Cariust method 

on the portion melting at 235°, as follows. The first two 

tubes prepared exploded 1n the fUrnace, about o.~ gram 

ot substance being lost. 

Determination of Bromine - White Solid. 

Weight tube + substance 2.3202 

Weight tube 2.1316 

weight substance .1886 

weight cruc. + .AgBr 10.4710 

Weight crucible lo.1zait 

Weight .AgBr .2926 

Weight bromine .124-5 

Percents. 66.02 

Calculated tor C1i+H6J3r4 6lt. 80 
It • c1 ij.H5Br5 69.82 

2.3266 

2.15lt0 

.1726 

11.8072 

11.54-32 

.26lt0 

.1123 

65.05 

The compound is therefore a tetrabromide. 
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The purification of the remaining fractions or 

material was next attempted. These consisted or the 

obtained tetrabromide, with probably isomers and lower 

bromides, and with some possibility or bromine addition 

prodncts. In appearance, as the impurity increased, they 

changed from silky tibres to mixture containing fibres and 

1ncreasuig quantities or granular flocks or fine needles, 

and finally graded rrom the latter into non-crystalline 

grains. In recrystallization, the previously described 

method was used, and the filtrate from the purer fraction 

was taken in each case to dissolve the next in purity, 

and the process continued down the list. TWo or three 

small batches of pure tetrabromide were prepared. WhPn 

the work was discontinued, melting points were taken ot 

the different remaining fractions, Which are as follows, 

l. Pure C11tH6Br1t 

Properties given above. Melts at 23.5°. 
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2. Fairly Fibrous. White. 

OY-idizes slightly 

Melts and decomposes at 222-223° 

Less Fibrous. J'aint Yellowish. 

OX1dizes slightly yellow 

Melts and decomposes to a red liquid at 212-213° 

Liquid does not solidity. 

i~. Adherent, but not fibrous - Yellowish 
White. 

Oxidizes strongly yellow on corners. 

Melts and decomposes to red liquid at 195-202° 

;. Separate Flocks. More Yellow. 

OX1<11zes yellow. 

Melts without decomposition at 

Liquid solidifies readily. 

6. Grains. Very dirty yellow. 

Melts without decomposition at 

To red oil which does not solidity 

1. Red, clear, viscous and sticky oil 

Six months later had sol1d1t1edto 

a sticky, yellow mass. 

180-18.5° 



Research PUblications upon 

Brom, Methoxy, Ethoxy and Hydroxy Phenanthrenes. 

F1tt 1g and ostermayer. Ann. 166. p. 361. 

D1brom1de. 

Hayduck. Ann. 167. p. 177. 

D1bromide, Monobrom, D1broms 2, Tr1brom. 

zetter. Ber. 11. p. 161J-l73. 

Dibromi de, .Monobrom, Dibrom 2, Tribrom. 

Tetrabrom, Hexabrom. 

Limprecht. Ber. 6. p. 532. 

D1brom1de, Monobrom, Dibrom, Tribrom. 

Schmidt, Metzger and JUnghaus. B~r. 40. p. 4240. 

2-7 Dibrom, 2-7 D1brom ~u1none, 2 Brom ~u1none. 

Ber. 41. p. 4215. 

10 Hydroxy. 

Schmidt and Scherer. Ber. 44. p. 740. 

10 }\ydroxyquinone. 

Werner. Ann. 321. p. 248. 

10 ? D1brom, 2 Hydroxy, 3 Hydroxy, 10 Hydroxy. 
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2 Methoxy, 3 Methoxy, 3 Ethoxy, 3 llethoxy quinone. 



Ann. 322. p. 155. 

2 l(ydroxy Q,u1none , 3 :eyttrox.y Q,u1none, 2 Kethoxy Q,ui

none, 2 Etho:xy Q,u1none, ?Brom Q,u1none. 

Pschorr - Wolte and Buckow. Ber. 33. p. 162. 

1 Uethoxy, 2 Methoxy, 1-5-6 Tr1methoxy, 3 Methoxy 

Q,uinone, 1-~ Tr1methoxy D1brom, 6 :eydro:xy, 1-5 

D1mP.thoxy. 

Pschorr - sumueleau, Jaeckel and Buckow. Ber. 33, p. 

1810-26. 

3 HYdro:xy, 3-~ D1methoxy, 3-~ D1methoxy, Dibrom. 

3 HYdro:xy, 14-Methoxy, 11-Methoxy, 1#- Metho:xy D1brom. 

~ Methoxy D1brom Q,u1none, 2-3 D1methoxy, 2-3D1meth

oxy Q,u1none, 2-3 Dimethoxy D1brom, 2-3 D1methoxy 

D1brorn Q,U1none. 

Pschorr - Seydel. Ber. 3~. p. 3998. 

2 HYdroxy, 2 Methoxy, 3 Methoxy D1brom. 

Pschorr - BUsch. Ber. 1#-0. p. 2001. 

l-5-6 Tr1methox.y. 



AN ELECTRIC FURNACE FOR COAL ANALYSIS. 

A Thesis submitted to the faculty or the Graduate 

School Of the university Of Minnesota by 

Charles Royal qressy 

1n partial tultillment or the require

ments tor the degree of 

Master of Science. 

May 1912. 



l 

INTRODUCTION. 

The determination of Yolatile matter in coal, in 

spite of the standard methods almost uniTersally em.ployed, 

is one which the ditterent chemists check each other with 

muoh more widely Ta.ry1ng results than is coJ11J10n in other 

classes ot analytical work. As is well known, this ia 

largely due to the tact, that the cydroaarbons, ot which 

the "YOlatile matter is composed, do not exist primarily as 

such, in a definite percent in the coal, but are rather 

produced by the decomposition, during its ignition of 

certain other, more or less unknown, and more o omplex ey• 

drooarbons or1g1nal]3' present, and that t'urther, the amount 

and character of this dec<1nposition Taries rith the tem

perature and duration of the heat, and with the percentage 

ot moisture and other factors. 

The Standard Method, most widely used, calls t'or a 

platinum crucible weighing 20•30 grams and having a well 

t'itting cover, and speoitiea that the time of ignition be 

exaotly seYen minutes, and that the bunsen flame be 20 mm. 
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high and the crucible set 6-8 mm. aboTe the top ot the 

burner. Kaey r&ther large T&riations have been found in 

the percentages of Tolatile natter reported, when ditterent 

individual chemists have analyzed the same coal eample by 

this method, from which it is eTident that the ditterences 

in the smaller details of circumstances and manipulation 

are sut'ticiently serious to attect at least the amount of 

olatiles driven ott, within the limits of accurate quanti

tatiTe results, it not also their character and compoai tion. 

In the hope of remedying these ditticulties many 

variations of this and other procedures have been tried, 

but without having developed, at present, either an ideal 

or a satistaotorily accepted thod, and it bas been oc

casionally suggested that with a snall electric furnace 

the temperatures could be_ more easily regulated and other 

conditions more readily standardised than with any ot the 

other types of gzLS or muttle heating. 

"ith these suggestions in Tiew, Which were made 

originally to the writer by Dr. Geo. :B. li'ranktorter, thi• 

research was begun under his direction. It was aimed to 
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produce a suitable electric turnace, prepare a su.tfioient 

number ot properly graded coal samples and to run through 

a large number ot determinations ot TOlatile matter upon 

each one, n.rying at the same time suoh conditions, in the 

dit'f erent aeries ot ana1¥•es, as would appear advisable, in 

order to discover the best and most accurate method ot 

proc edure. 

ObJeotions 12. ~ Standard_ etl1o~. 

Some ot the possible causes ot the diso~epa.noie• 

which result when the Standard llethod is employed, Dll3 be 

aet forth under several ditterent headings as tollows:

A - The ~urner. 

lat. The heights of the bunsen flames used, may

be ditterent. The tip ot the flame 1s otten almost color

less and hard to distinguish accurately. 

2n. The size of the name a ~ n.ry. A broader 

flame, due to a larger bunsen tube, will aubJeot the 

crucible to a higher temperature, and the speed with which 

it attains this temperature, on being placed in the flame, 

will be greater. 
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3d. The rates of gas consumption may -m.ry. Larger 

gas openings at the base or a wider opening of the gas 

cock DBY be compensated by adjusting the air holes to giTe 

the required height. The f'lame then burns with a higher 

temperature and gives off a larger number of heat units 

per second. 

4th. The composition f the gas may be dll.£ferent. 

It may have a higher calorific power or give a higher tem

perature. The effect is similar to the preceding high.er 

speed of combustion. 

5th. The flames may not be properly protected. 

Without a suitable shield, and with draughts in the room, 

the flame may be blown to one side of the crucible, to the 

obvious detriment of the results. Failure on the part of the 

analyst to plaoe the crucible in the exaat center of the 

tlame is a serious defect. 

let. Apart from di ferenoes in weight, these rlAY 

not have the same size, shape, or thickness. The size and 

shape regulate both the depth of the layer produced by the 
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specitied one gram ot coal, and the wlume ot the oontined 

space a.bova it. A thinner body of' coal will have a larger 

surface exposed to the hot bottom of the crucible and will 

give a speedier upward conduction of heat to the top layers 

ot its uass, and, by reason of this, a more rapid attain

ment of the maximum temperature, and more rapid completion 

of the distillation period. The larger upper surtace, also, 

and lessened mean distanoe which the volatiles must travel 

within the coking mass, will have the same effect ot aooel

erating the disOharge of the vapors, and as bas been men• 

tioned, the temperature and rate at which these are liber

ated influence their quantity and composition. The amount 

ot conf'ined apace above the coal probably has a definite 

fdt ec t ot some character upon the final results, but it so , 

the details of this are obscure, at least to the author. 

If higher eydrooarbo ns are cracked upon the walls of the 

crucible and deposit soot, this is probably burned off in 

the latter part of' the igniti n. The thickness ot the 

crucible, also, is ot less importance and has to do with 

the conduction ot heat f'rom name to coal. 



6 
2d. The covers ot the crucibles DlAY not tit with 

uniform tightness. This may vary even with the same 

crucible in different determinations. Looser titting, 

w1 thin limits, will allow the volatiles to escape more 

rapidly and with less pressure or choking. lloderately 

wide openings may even allow entrance of air towards the 

end of the process, burning away varying quantities of 

soot or coke. Greater pressure may compel the 110latiles 

to mmain longer within the crucible, where they su:f:ter 

greater chanoes of decomposition and hinder the proper 

evaporation of their successors trom the coal. 

C - Th!. Time. 

Different chemists may not measure this with the 

same degree ot exactitude. With a longer time more coke 

or depositsd soot may be burned away. 

Advantages 9.t ,an lll•otric lrurnaot• 

In considering the points fif superiority of the 

electric rurnace as contraated with the foregoing, only 

part of the dit'f'iculties will be seen to be ameliorated. 

The size and shape ot the crucible a?Ji the time of ig• 
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nition must be regulated with the same oare in both methods, 

at least when the electric furnace remains op•n to the air. 

On the other hand the ditficultiea haTing to do with the 

temperature and rate ot heat liberation are to a very 

large extent remoTed, and as these are the ones to which the 

errors are most largely attributed, the method shows a 

corresponding improvement. ~t must not be forgotten, how

eTer, in this connection, that it a standard method 1 

finally to be developed, the dimensions and l1B ter ia.l ot 

such a furnace, as well as ot the crucible, should be Tery 

acourately standardized by some national committee. It 

should then be carefully manufactured in this form, prob

ably by one firm ot makers only. 

Some ot the most obvious advantages ~ be dis

cussed as tollows:-

lst. Eleotrical energy is muoh more easily con

trolled, and measured with accuracy, than heat trom gas 

or othJtr tlames. Sui table amneters, voltmeters and re• 

s1stat¥:es are ot course necessary and likewise e.xpensiye. 

The measure ot the electrical energy i the measure ot 
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the heat liberated, and, as there are no products of com-

bustion or admtxed air to vary and interfere, a.s in the 

gas f'lame, the temperature, upon attaining its maximum, 

will have a tendency to remain unit'orm and constant, with 

a steady eleotric current. This will be true f'or the amne 

or an identii:ally nanut'aotured furnace. All the variations 

moreover, ot' tlame height, size, and position withr espect 

to the crucible ad done away with, and there can be no 

blowing away ot a flame from around the crucible due to 

draughts. Instead of' these there are substituted only the 

proper placing ot the oruoible within the tumaoe and the 

simple current measurements, with perhaps pyrometer read• 

ings occasionally as a check. In other words, all these 

standardizations, which are at present ditticult and left 

undone by analysts, would be done, in e:rteot, once t'or 

all, in manufacturing the :fUrnaoe according to speoitioations. 

2d. An additional point i the .fact that the atmos• 

phere around .the crucible is more accurately controlled. 

In the tirst place, it is tree from the Tariable oxidizing 

and reducing action and water vapor ot the buns en flame. 

In the second, with a covered tu mace, a current of an 



inert gas may be used, doing away with all oxidizing 

efftllts and facilitating the removal of the Tapors. It 

must be mentioned, however, that any more volatile soot, 

that might be CJ:&cked or deposited upon the crucible, 

will not be burned away, which is a possible, though 

doubtful adTantage. Finally, with direct heating types of 

turnaoes, having tha oruoible in contact with the heating 

el.ements, the use of Tacuum or at least diminished pressure 

is a possibility that is worth experimental work. 

Description 9.f. 1!!!, .l'urnaoe. 

In its larger proportions, the electric furnace 

prepared for these investigations consisted, as is shown 

by the drawing, in a wire-wound porcelain crucible set in 

a covered brass cup, the latter being provi!"ded w1 th tubes 

tor the entrance and exit ot a ou~rent ot gas. The crucible 

B was a special type about 5 cm. high made with straight 

sides tor the greater part ot its length, and with a rim 

at the top that ou"ed outward at right angles tor a tm 

millimeters. It was wound with tine platinum wire, and 

covered over with numerous segments ot asbestos paper, 

which in turn were tied in position by further separ te 
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lengths ot the wire. The coil necessary tor heating the 

bottom was oov4red with two asbestos paper dd.acs and 

clamped in position by a small perforated porcelain plate 

taken t"rom a goooh crucible. To this the end ot the side 

winding was also tastened and it was held rigidly in place 

by several very hea'Vy wires 1Jhat ran diagonally trom holes 

at its edges to the top ot the crucible and were there 

wound and firmly attached together to to im a thick circle 

ot a number ot strands. 

The brass body A, ot the furnace, was originally a 

large oil cup, with straight sides and a tlat bottom on the 

inside, and with it.a depth and diameter about equal. There 

had been, when it was pu:t:ohased, a narrow oil channel lead• 

ing down through a thick stem from the center ot its bot tom, 

and this was bored out to a la siae and the graphite plug 

C cemented in with water glass. This latter carried two 

thick walled porcelain tubes, ou1: from the tube of a rose 

crucible and oanented in the same manner, and these pro

vided entrance ways and insulation tor the heating wires 

ot the :rurnace. In the stem above the plug, and also in 
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the center or the plain brass cover, holes were further 

bored and tapped to receiTe the short brass tubes E and F. 

The crucible was supported by its flange, which 

rested upon the inner edge o:t a ring G ot sheet copper, 

around the center of which a circle of holes were drilled 

to allow the exit ot air and flow of gas :trom the bottom 

of the :turnaoe. This in turn was supported by a slit 

cylinder H, of the same naterial, which &Uopped in and 

titted snugly to the inside of the aup, and a circle o:t 

stiff brass wire was .further bent and pushed down against 

the ring, to hold the two firmly in place in case the app

aratus be inverted. The aides ot the turnao e were protected 

from the heat ot the crucible by a number ot coils of 

asbestos paper, which were pla~ed both between the cylinder 

and the sides, and the cylinder and the crucible. The 

remaining space was then tilled with the more fluffy 

variety of asbestos fibre. 
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Discussion 2.t ~ Work. 

Af'ter the preparation and finishing of the furnace, 

whioh included several trial heatings of the wound crucible 

before placing in the cup, the apparatus was tested as 

to the rate of temperature rise and rate of cooling, and 

a preliminary analysis made ot volatile matter and ash 

on one sample. Following this, a series of detel'minatiO'J1B 

ot volatile ma.tter was begun, upon each, i n turn, ot ten 

previously prepared coal samples, only three ot which were 

finally i:ompleted. 

A special platinum crucible was used, which was 

higher and narrower than the common type and titted better 

the porcelain cruoi'ble toming the heating elemen~ ot the 

furnace. An ordinary cover being inadvisable, owing to 

its projecting lip, a special cover had also to be made, 

and this was hammered out ot heavy platinum sheet and had 

the shape ot the common porcelain cover, with a ring ot 

platinum wire fastened through a hole in its center. In 

order to test the etf'ect ot an air space between the 

crucible and furnace upon the unitozmity ot heating, a 
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platinum wire basket was further ma.de, which had suitable 

rings to uphold the crucible and also projecting parts to 

keep it equidistant from the sides and bottom of the 

furnace. 

The ten coal samples mentioned were prepared for 

analysis by grinding to pass through first 100 mesh and 

then bolting cloth, and by a thorough subsequent mixing on 

oil cloth sheets. Nine ot these, ot Tarying volatile 

matter and moisture, were taken from the QuantitatiTe 

bottles and the tenth, which is Sample I, had been pre

viously analyzed by the writer and prepared in the same 

manner. ~er ore beginning the analyses, all the samples 

were kept two weeks in a fresh calcium chloride disseotor 

and the weighing bottles containing them were also returned 

to this immediately a:tter each weighing, which in each 

case was ti ed to occupy exactly two minutes. Gram 

samples were used throughout theTre"rk• 

At the beginning ot the tests, determinations were 

made according to two ditterent styles ot procedure, the 

first being to place the c ruoi ble containing the sampl 
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in the cold furnace and heat both up together, and the 

second, to introduce the crucible into the furnace, after 

it had reached the JrBximum temperature produced by the 

current used. In this latter case, however, explosions 

were frequent, and the method was omitted on the last two 

samples. The wire basket, also, appeared to give slightly 

better results, and sample three, in the order ot analysis, 
run 

was~entirely in that manner. It should be noted that the 

furnace heats up very rapidly and cools at a tair rate, 

such that the platinum crucible reaches 1 ts maximum ten1• 

perature to the eye in li minutes and cools again in 

3 minutes. The turnace cover was not used in any ot the 

tests. 

The following tables give a resum~ ot the more 

important results. 
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Tablg l • AnaJ.Yses Bl':. Stalldard_ Kfthod. 

Apalrs@. ~- the Writer. Vol&. am 
Sample. lloisture. Volatil!S. J'ixed c. Ash. M:oisture. 

No. 
150 1.28 33.84 60.'13 4.14 35.12 

148 3.06 33.09 51.11 12.74 ·36.16 

I 4.08 43.53 39.0l 13.4."'/ 4'1.53 

ATerages gt. Anal.y&e!. ~ iuantitatiTe, Laboratory Repor~s. 

Sample Koisture. Volati:kB. J'ixed c. Ash. -Vols. and 

No. 
Koisture. 

150 1.2 33.5 61.l - 4.2 34.'1 

148 .e 30.6 52.l 13.5 34 • .f, 
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Table 2 - :rurvace. Anp.l.tses. 

SAl!PLE Ho. 150. (Standard Method 35.12) 
(QuantitatiTe Average 34.7) 

Cold Start - Crucible in Contact. 
Humber. Ave. Amperes. Volts. Time - Kins • Percent. 

1. 6.2 118 4 35.87 

2. 6.8 116 4 35.70 

3. 6.7 115 4 35.48 

4. 6.8 116 & 35.52 

5. 7.1 113 4 35.6? 
Cold Start - Yi re Basket • 

6. 6.1 115 'I 35.63 

"'· 6.5 115 'I 35.01 

a. 5.'1 114 '7 35.57 

9. 7.3 114 4 35.60 

10. 7.2 108 4 35.58 
Hot J'urnace - Cruc. in Contact. 

11. 6.7 115 4 Jlltplosi on. 

12. 6.6 114 4 35.60 

13. 6. '7 110 4 35.53 

14. 6.9 114 4 lb:plosion. 
Hot Furnace - Yire Basket. 

15. 6.2 114 4 Bx:ploaion. 
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Tablg 3 .- Jrurnace Anal1ae!.• 

SAMPLE N'o. 148. 

All ~rom the Cold. (Standard Kethod 36.15) 
(QuantitatiTe Average 

34.40). 
Crucible in Contact. 

lfumber. ATe. Amps. Volts. T~. Percent. 

l. 7.2 104 7 36.'73 

2. 6.6 116 7 36.84 

3. 6.3 120 7 35.39 

4. 6.9 109 4 36.81 

5. 6.8 115 4 36.62 

Wire :Basket • 

6. 6.e 117 7 36.'78 

7. 6.5 105 7 36.63 

a. 6.6 109 7 36.72 

9. 6.'7 114 7 36.70 

10. 6.7 112 7 36.6.6 



Table 4 - J-urnace Analyses. 
18 

·-
SAMPLE N'o • l. 

All Wire Basket - J'rom the Cold. 
All 4 minutes - New Winding. 

(Standard ll•th4d 47.53) 

Number ATe. Amps. ATe. Volts. Percent. 

l. 6.5 114 47.35 

2. 6.3 11'7 47.31 

3. 6.'1 0 47.43 

4. 6.3 11~ 4'7.36 

5. 6.e 115 4'7.34 

6. 6.6 113 4'1.45 

7. 7.1 109 47.29 

a. 6.8 108 47. 

9. 6.4 11'1 4?'.3 

10. 6.'1 115 47.44 
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In discussion o:t' these foregoing tables there is 

little to be said, except to mention that the determinations 

check each other rather nearer than is common with the 

Standard llethod, and it is there:t'ore proTen, as has 

neTer been especially doubted that the same indiTidual 

chemist can use an electric .turnao e :tor his own work 

and get good check results. This is obTioualy the 

:t'lrat and easiest, but not there:t'ore the less necessary 

point, which must be determined in order to produce an 

ideal method :tor the use o:t' 41:t':t,er!m11ndiTidual chemists. 

'.rhe rest o:t' the proo:t', as has been preTiously mentioned, 

demands extensive cooperation. 

This particular :turnaoe, howner, although it pve 

good results while it lasted, was not by any means ideal 

in this "la.st• respect. Due to expansion with the rise 

in temperature, the wires loosened easily :t'rom the por

cela.in crucible in places near the bottom where the 

sides CurTes in at a slight angle• and burned out twice 

in this Ticinity, necessitating tedious rettinding. At 

the end o:t' Sample I a third burn-out :t' inally conTinc ed 
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both Dr. Frankfurter and the writer that :Curtner endeaTor 

was useless until a per:Cectly straight crucible could 

be :round, and as this occurred shortly atter the lose 

ot the school year and the writer then le:Ct to engage 

in per:nanent business in another city, the continuation 

ot the inTestigation was inde:Cinitely postponed. It 

should be mentioned at tbis point, that during the time 

which has elapsed since this work was carried on, several 

small electric furnaces, expressly designed for the 

heating ot crucibles, have been put upon the market by 

at least two concerns, one ot these being the Hoskins 

Co. No general attempt, however, bas yet been tade to 

dnelop a standard method tor TOlatils in coal by 

their use. 
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ANALYSIS 011 COAL • STAEDARD METHOD. 
- ---- rt - ................................. 

S.AllPL'E No. 150. 

lLoisture. 

16.5544 
~IL 

.Q.125 

l5.S456 
15.§.9,14 .. _ 

.0132 ATe. i.2a% 

15.5967 
15.i544,_ 

.0413 

Volp.t,i}.iJ5 and Moisture 

14.8872 
14.S556 

.04l6 

(Same Cruc. as in m.. J'urnaoe Analyses) 

9.8330 
9.4812 

.3518 

3393 

Fixed Carbon. 

pO 9 

9.8328 
9.4821 

.350'1 

.33?5 

.0077 

Ave. 33.84% 
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ANALYSIS 2!, ~ - STAN'DAIJ> METHOD. 

SAUPLE No. 148 

llois'\ure. 

A!h· 

16.1528 
16.1225 

.0303 

15.2800 
lfi.1528 

.1272 

VS>j,atil,! am!. .llo_;i.sturJ!.. 

9.8331 
9.4714 
·3617 . 

Volr&ilJ!• 

.3314 

J'1pg CffbOp 

.5111 

15.2402 
15.~94 

• 308 

14.3678 
14.2402 

.!276- ATe. l2e'14% 

(Sa.me Crucible) 

9.8332 
9.4'1&~-

e3612 A~. 38.15% 

.5112 ATe. 5 ell% 



NIA#YSI§. Q! QQ.&. • §TANDARJ) mH<m· 
S.Al!PLE No. I. 

Kois~µr.e. 
15.8382 

Ash. 

15.'7?72 
.o4ll) 

16.8323 
16.7918 

.0405 • 

24 

14.9'126 
14.83~2-

.1344 

15.9673 
15.!-3&1- -• 350 Ave. 13.47 

VolAtils and lloisture. ........... .. ·--

Volatils. 

• 98 
2).1lg36 •. _ . 

.4?48 

.4338 

li'ixed Carbon. 

19.08 

21.5982 
21.1g25 

.475'1 

.4352 

Ave. 47.53 

ATee 43,46 

ATe• 39,01 
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Without cover. 
I. Without Crucible. 

Time - seconds Amperes. Heat. 

0 0 6.2 Cold. 
30 6.1 Porcelain dul.l red near top 

60 5.9 .All crucible medium reel. 

'15 5.9 :Bright red . yellow, naxiJllUJll 
intens1ty • 

5 mins. 5.9 • • • 

II. With Crucible - Cover ot~· 

'rime - seconds. Amperes. Heat. 

0 a.o Cold 
20 7.0 Ho red. 
30 6.3 J'aint red above crucible. 

45 6.1 Bright • • • 
60 6.0 Crucible dull red 

'16 6.0 • brigll.t • 

90 5.9 • • yellow 

-- 5.l • • 
3 min. 5.~ ! • :Brass 

nry hot. 

1'hen kept at 3 amperes - Barely perceptible red. 

-
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PR!LntINARY HE.AT ING Ol1 FURN.ACE. ... ..... -.._.. 

II. Yith Crucible-Wire Basket - Cruoib cover ~~. 
118 TOlts. 

Time - Seo. Amperes. Heat. 
0 7.e Cold 

15 6.9 llo red. 
30 6.2 Poro. dull red above oruo. 
45 6.1 • bright • • • 
eo 6.0 Pl tinum dull red. 
'75 5.95 • bright • 
90 5.9 • bright yellow - mximum • 

3 mins. 5.~ Brass snaps to touch • tube cool. 
5 • 5.85 Side Tube • • • 
7 • 5.? • 

Much amoke trom asbestos. 

CoolinE • trom Smnple No. 150 No. l. 

30 secs. Crucible cov. 
l • • 
1 30 • 
2 • 

30 • , 
3 • 

dull red. 
-..ery dUll 
cold 
• 
• 
• 

Crucible bright red. 
• • • 
• 
• 
• 

red 
dull red 
T8JY dull 

:Bot tom oo lei • 



a.arrIJI No. 150. • Porcel in oov r on Crucible. 

Volatils. 116 Yolt. 
I - Kin. sec. Amperes. H t and Volatil.-. 

o 7.e 
4~ 7.1 

1 6.1 Volatiles begin 
~ 30 6.0 Volatila~end 
7 6.0 

Shreds o~ Vol. t t er on Cover • 

Peroentge Volatil 
g.e340 
9.4&2 

.3518 

SH ( Separ t e •ampl ) 
Ban 0 minut a at ~ ampere• and 15 min. at 

6 amperes. 

4.09% 

28 



SAMPLE Jio • 150 1 llo. 1. 

•rom the Cold Crucible in Contact - Time ' min. 

Time. Amperes. Heat. Volatiles. 

Hr.Kin.Seo. 

Start. 4 40 0 e.oo Red tbroue)l holes 

15 '7 .oo Red through holes 

30 6.80 Poro. •light red. 

45 6.20 Pore. red Co ence. 

41 6.10 Pore. br1£}lt red Hea-ry . 

30 6.05 Pore. • yellow 

42 6.00 Catch tire. 

30 5.95 • " • Cease. 

43 5 .90 • • • lo Vol • 

30 5.90 • • • 
Stopped '" 5.90 • • 

Cooled 3 minutes. 
Volatil-s on Crucible and Co•er - Sli t on Cruo. one 

on Co•er. 
Voltage 118 
lercent. Volatil•~ 

g.8335 
1 

.358 
35.8'7 



S~ No. 150, No. 2. 30 

From the Cold Crucible in Contact - Time 4 min. 

Time Amperes. Heat and Volati.1,a,. 

Hr. llin. Sec. 

Start. 10 31 0 8.60 

15 7.80 

30 7.15 

45 7.05 Vols. begin. 

32 7.05 Vols. continue. 

30 7.00 • 
33 6.90 Catch f'ire 

30 6.ao Cease 

34 6.50 Bo.Vol&. 

30 6.25 • 
35 6 .. 20 • Stopped 

Cooled 3 minutes 
Volatiles.- Slight on inside Crucible - none on 
Voltage 116 Cover. 
Percent. Volatiles. 

9.8330 
9.4'760 

.35'70 

35.?0% 



SAl!PL.E No. 150, No. 3. 31 

J'rom the Cold Cruc1 ble in Contact - Time 4 min. 

Time. Amperes Heat and Volatile~ 

Hr. Min. Seo. 

Start. ll 15 0 a.so 
15 7.45 

30 7.15 

45 '1.oo 
16 

30 6.85 

17 6.60 

30 6.40 

18 6.40 

30 6.30 

Stopped 19 6.30 

Cooled 3 minutes. 
Volatiles on Crucible and Cover. 

Slight on inside o Crucible 
Voltage 115 
Percentage Volatil~ 

9.8330 
9.4'782 

.3548 

Vols~' begin 
JI .. continue 

• 
" catch 1"1 re. 

" cease. 

- none on cover. 

35.48% 



SAMPLE No. 150, No. 4. 32 

~rom the Cold Crucible in Cont8C t - Time 4 min. 

Time. Amperes Heat and Volatile5o 

Hr. Min. Sec. 

Start. 2 10 0 8.6 

15 '7.5 

30 '7 .2 

I 45 7.0 Vols.begin. 

11 6.8 Heavy Vols. 

I 30 6.7 • 
12 6.'1 Catch :tire 

30 6.6 Vols. cease. 

I 13 6.6 

30 6.5 

I Stopped 14 6.5 

I 
Cooled 3 minutes. 
Volatilsson Crucible and Cover. 

Slight on inside ot Crucible - None on Cover. 

I Voltage 116 
Percentage Volatile~ 

9.8333 
9.4781 

.3552 
35.52% 
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SAMPI.3 No. 150 - No. 5. 

From the Cold Crucible in Contact - Time 4 min. 

Time Amperes. Heat and Volatile&. 

Hr. llin. Sec. 

Start 3 36 0 9.2 

15 a.o 

30 '1.6 

45 ?.6 Vols. begin. 

3? 7.4 Heavy Vols. 

30 7.0 • 
38 6.9 Vols. catch :f'i re 

30 6.9 Vols. cease 

39 6.9 No Vols. 

30 6. '7 • 

Stopped 40 6.6 • 
Cooled 3 minutes. 
Volatiles on Crucible and Cover - None, 
Voltage 113 
Percentage Volatiles. 

9.8335 
914W 

.356'7 

35.6'1% 



Cooled 3 minutes. 
Volatil&50n Cruc. and Cover - None, 
Coke TeJY small. 
Voltage 115 throughout. 
Percentage Volatiles. 

9.8a36 
9.4773 35.62% 

.3562 



SAllPLE No. 150, No. '1. 35 
From the Cold-Wire :Basket • Time 7 min. 

Time Amps. Volts. Heat and Volatil~ 
Hr. llin. Sec. Before 119. 

Start 3 48 O 7.4 

15 6.6 115 Bed through holes. 

30 6.5 115 

45 6.5 115 

49 6.5 115 vole. begin. 

30 6.4 115 Heavy Vols. 

50 6.4 114.5 • 

51 6.5 • Vols. catch fire • 

52 6.6 " • cease 

53 6.5 ! No Vols. Cover red. 

54 6.5 • • • 

Stopped 55 6.6 • " • 

Cooled 3 minutes. 
Volatil•&on Crucible and Cover - Hone. 

I 
,.. cover clean. Coke very small - Crucible and 

Voltage 115 

I 
Percentage Volatil•~ 

9.8335 
9.4834 .. 

• 3501 
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S.Alil'LE No. 150, No. a. New Winding on Furnace used on this 
and the analyses following. 

~rom the Cold•Wire Basket Time 7 min. · 

Time 
Hr. lLin. Sec. Amperes. 

Start 3 42 0 7.4 
Heat and Volatil~ 

15 6.4 

30 6.2 Red through holes. 

45 6.0 

43 5.8 

30 5.8 Red in Cruc. 

44 5.'7 Vols. begin. 

30 5.6 • continue 

45 5.6 • 
46 5.6 • 
4'7 5.6 • Cease 

48 5.6 llo Vol&. 

Stopped 49 5.6 • 
Cooled 3 minutes. 
Volatil& on Cruc. and Cover - Hone. 
Ctlke large 
Voltage 114 
Percentage Volatiles. 

9.8334 
9.4?77 35.57% 

.3557 



6AUPLE No~ 150, No. 9. 

J'rom &he Cold-11 
Time. 

Hr. llin. Sec. 
Start 12 25 o 

15 

30 

45 

26 

30 

2'7 

30 

28 

30 

Stopped 29 

re Basket -
Amperes. 

9.2 

a.o 
7.7 

'7.5 

7.4 

7.2 

7.2 

'7.0 

6.9 

6.9 

6.9 

37 

Time 4 min. 
Heat and Volatil• 

Vols. begin 

• continue 

• 
• 

Vols. cat oh f'i re. 

• cease. 

Cooled 3 minutes. 
Volatil&bOn Crucible and Cover - ll'one. 
Coke large to top ot crucible. 
Voltage 114 
Percentage Volatila5e 

9.8338 
9. ?78 

.3560 



I . 
I 

S.AliPLE No. 150, No. 10. 

~rom the Cold-Wire Basket - Time 4 min. 

Time Amperes. Heat and Volatil.&S. 
Hr. lfin. Seo. 

Start 2 54 0 9.2 

15 a.2 
30 7.9 

45 7.6 

55 7.1 Vols. begin 

30 6.6 Heavy vols. 

56 7.0 • 
30 7.1 Less Vols. 

5'1 7.0 Vols. cease, gases buin 

30 7.o No Vols , Cover red. 

Stopped 58 7.0 • • 
Coo·led 3 minutes. 
Volatiles on Cruc1b1e and Cover. 

Inside of Crucible, slight - Cover, none. 
Voltage 108 
Pe~iitage Vo la tiles-

9 .8334 
9.4'7'7§ .. 

• 3558 

35.4.8% 



f 

I 
I 
r . 
I 
I 

I 
I 
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SAJ4PL'E _No. 150, No. 11 

:rurnaoe Hot - Crucible in Contee t .. Time 4 min. 

Time. 

Hr. Min. Seo. Amperes. Volatils. 

Start 3 2 0 

5 

15 

30 

45 

3 

4 

5 

Voltage 115 

Percentage Volatiles 

9.8331 

6.8 Poroelai n yellow. 

6.'1 Vols. begin 

6.6 • continue • 

6.& • cease 

6.6 • l!Rf2de • 

6.6 Coal partly blown out 

6.'1 

6.8 



I 
I 

I 
I 
I 
I 
I 

40 
S.AUPLE No. 150 9 No. 12. 

:rurnaoe Ho.t - Crucible in Contact. Time 4 min. 

Time. Amps. Heat Vola tilti. 
Hr. llin. Sec. 

Start 4 18 O 6.7 Bright yellow 

5 6.7 Vols. begin. 

15 6.65 

30 6.6 • catch f'ire 

45 6.6 

19 6.6 19.15 vols.cease. 

30 6.6 

20 6.6 

30 6.6 

21 6.6 

30 6.6 

Stopped 22 6.6 

Cooled 3 minutes. 
VolatilmN on Crucible. Cover, none. 
Coke - Uedium size. 
Voltage 114 
Percentage Volatile~. 

9.8332 
9,4772 -

.3560 35.60% 
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SAMPLE No. 150, No. 13. 

Furnace Hot - Crucible in Contact. Time 4 min. 

Time Amperes. Heat and VolatiJ.fi 
Hr. nn. Seo. 

Start 11 40 0 6.9 

5 6.a Vols. begin 

15 6.7 • catch f'ire 

30 6.7 • burn 

45 6 .'1 • 
41 6.7 • 

30 6.7 Vols. cease 

42 6.7 

30 6.7 

43 6.6 

30 6.6 

· Stopped 44 6.6 

Cooled 3 minutes. 
Volatils on Crucible and Cover - none. 
Coke - Uedium size. 
Voltage 110 
Percentage Volatile-a. 

9.8333 
9.4'780 

.3553 
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SAMPLE No. 150, No. 14. 

Start 

Furnace Hot - Crucible in Contact. Time 4 min. 

Time Amperes. Heat and Volatile~. 

Hr. lCin. Seo. 

5 27 0 6.9 

5 6.9 Vols. commence - yellow 
color. 

15 6.9 Vols. ExJ>lode. 

t.t 
45 

28 

Voltage 114 

Percentage Volatile~. 

9.8332 



S.Al!PLE No. 150, No. 15. 

Start 

Furnace Hot - Wire :Basket. 

Time Aml'eres 

Hr. llin. Seo. 

10 10 0 6.4 

5 6.3 

15 6.3 

30 6.2 

45 6.2 

11 6.2 

12 6.l 

13 6.1 

14 6.1 

Voltage 114 

Percentage Volatiles. 

9.8334 

43 

Time 4 min. 

Heat and Vola tile5. 

Poro. bright yellow. 

Vols. begin. 

Heavy vols. 

• 
Vols. :Bxplode 



SAliPm No. 148, No. 1 
44 

All o:t' Sample No. 148 :t'rom the oold and no carbon or 
on crucible or cover. 

Crucible in Conta~t - Time 7 min. 
Time Amps. Volts Heat and Volatile!it . 

Hr. Kin. Seo. Before 110 
Start 3 32 0 8.2 104 

15 7.4 104 Red tbro ugh holes • 

30 7.3 104 

45 7.2 104 Vols. begin, 

33 '7.2 104 • continue 

30 7.1 104 • 

34 7.1 104 • cease 

30 7 .l 104 No Vols. Cover red. 

35 7.1 103.5 • 
36 7.1 104 • 
3'7 7.3 103 • 

38 7.3 103 • 

Stopped 39 7.4 103 • 

Cooled 3 minutes. 
Coke - None. Coal appears as before heating. 
Percentage Volatil•~ 

9~8334 
9 .4..§§1 

.3673 36.73% 
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S.Al4PiiE No. 148, No. 2. 

Crucible in Contact. Time '1 min. 
Time Amps. Volts. Heat and Volatil~ 

Hr. Uin. Seo. »efore 120 
Start ll 50 0 8.2 116 

15 7.0 • 
30 6.5 • 
45 6.3 • Vols. begin 

51 6.2 • " continue 

30 6.0 • • catch fire 

52 6.l • " burn 

30 6.2 • • cease 

53 6.6 • No Vols. Cover red • 

54 6.6 • • 
55 6.8 • • 
56 6.8 • • 

Stopped 57 6.8 • • 

Cooled 3 minutes. 
Coking - Very slightly coked. 
Percentage Volat11&5-

9.8330 
914242 

.3684 
36.84% 



f 

SAllPLR No~ 148, Ho. 3. 46 

Crucible in Conte.ct. Time 7 min. 

Time Amps. Volts. Heat and VolA tiles. 
Hr. llin. Sec. :Set. 125 

Start 2 14 0 -- 120 

15 -- 120 

30 6.5 120+ Crtcible red. 

. 45 6.4 • Vols • begin. 

15 6.4 • • continue 

30 6.3 • • 
16 6.2 • • 

30 6.2 • 16.45 
.. 

17 6.1 • Vols. cease. 

18 6.3 • Cover red. 

19 6.3 • • 

20 6.3 • • 
Stopped 21 6.2 • • 

Cooled 3 min~tes. 
Coking - very slightly coked. 
Percentage Volatil~ 

9.8333 
9.479!. 

.3539 

35.39% 



S.AUPL'E No. 148, No. 4. 47 

Crucible in Contact. Time 4 min. 

Time Amperes Volts. Heat and Volatiles. 
Hr. llin. Sec. :Before 114 

Sta.rt 4 50 0 2.2 ---
15 '7.4 ---
30 '7.2 108 

45 '1.0 • 
51 6.8 • Vols. begin. 

30 6.9 • Vols. continue • 

52 6.8 • • 
30 s.e 110 Vols. cease • Cover red. 

53 6.e • • 
30 6.8 • • 

Stopped 54 '1.0 • " 

Cooled 3 minutes. 
Coking - lLore coked than previously. 
Percentage Volatiles. 

~.8336 

2·~21~ 
.3681 



SAMPLE No. 148, No. 5. 

Crucible in Contact. Time 4 min. 

~ime Amperes. Volts. Heat and Volatil~ 

Hr. llin. Sec~ l'efore 120 
Start 10 51 0 e.3 115 

15 7.3 • 
30 '1.2 • 
45 '1.0 • 

52 '1.0 • Vol• • begin • 

30 6.8 • Vols. continue. 

53 6.'1 • • 
30 6.6 • Vols. catch :tire • 

54 6.6 • Vols. cease 

30 6.5 • No To ls • Red cover. 

Stopped 55 6.6 • " 
Cooled 3 minutes. 
Coking - Slightly coked. 
Percentage VolatilS"J. 

9.8333 
9 .. ~:l}. .. -

.3662 



S.AllPLE No. 148, No. 6. 49 

Wire ~sket. Time '1 min. 

Time .Amperes"" Volts. Heat and Volatil 

Hr. Kin. Seo. Beto re 123 • 6 
Start 2 55 0 8.l 118 

15 '1.4. • 
30 '1.2 • 
45 '1.1 • Red cover. 

56 6.8 116 Vols. begin 

30 6.8 • Vols. continue 

57 6.8 • • 
30 6.8 • Vols. oeue 

58 6.8 11'1 

59 6.8 118 

60 6.'1 • 
61 6.6 • 

Stopped 62 6.8 • 
Cooled 3 mimit e. 
Coked elie;htly. 

P ro ntage Volatil 
9.8334 
g 4656 

.36?8 
36.78 



SAMPLE Ho. 148, No. 7. 

Wire Baeket. 
Time 

Time 7 min. 
Amperes. Vol ts. 

Hr. Kin. Seo. Bet'orellO 
Start 3 34 0 a.2 104 

15 7.4 • 
30 7.2 • 
45 7.o • 

35 6.9 105 

30 6.'1 • 
36 6.6 • 

30 6.5 • 
37 6.4 • 
38 6.2 •• 
39 a.a • 
40 6.2 6 

Stopped 41 6.2 

Cool d 3 minut •• 
Coked slightly 
Percentage Volatil 

9.8333 
9.4.67 

.3663 

50 

Heat and Volatil~ 

Red holes 

35.10 Vols begin. 

Vols. continue 

• 
Vols. oeue • 

36.63;. 



SAllPLE No. 148, No. e. 51 

Yire Basket. Time 7 minutes. 

TiJlle Amperes. Volts. H t nd Volati et 
Hr. Kin. Seo. :Before 110 

Start 4 35 0 7.8 ---
5 7.6 100 

10 7 •• • 
15 6.8 • 
30 6.8 • 
45 6.7 • 

36 6.~ • Vola. be 1 • 

30 6.( Vols. cont.inu • 

37 6.3 Vol .c tc ti 

30 6.2 • Vo • 0 e 

38 6.2 • 
39 6 10 ·'"' CoTer r 

40 e.e 118 Co r T bri r d 

l 6.9 • 
• 

top d 7.0 

6 7 



S.AllPLE No. 148, No. 9. 52 

\Vire Basket. Time 7 min. 
Time Amperes. Volts. Heat and VolAtil~ 

Hr. llin. Seo. :Bett, 119 
Start 5 34 0 e.2 114 

5 7.4 • 
10 --- • 
15 7.1 • 
30 6.9 • 
45 6.Q • 

35 6.7 • Vols • begin. 

30 6.6 " Vols . continue. 

36 6.8 • Vols • cease. 

30 s.a .. Gases cat oh ti re • 

37 6 6 • :Burning stops. 

38 6.6 • 
39 6.8 113 

40 6.6 • 

I 
Stopped 41 6.6 • 

Cooled 3 minutes. 
I Coked slightly. 

I 
Peroenta.ge Volatile~ 

36.70% 9.8336 
9 46 5 

.36'70 



I 
I 

I 
I 
I 

SAMPLE No. 148, No. 10. 

Wire Basket. Time 7 min. 
Time Amperes. Volts. 

Hr. 
Start 10 

Kin. 
15 

16 

17 

18 

19 

20 

21 

Sec. 
0 a.a 
5 7.6 

10 7.3 

15 6.? 

30 6.6 

45 6.6 

6.? 

30 6.7 

6.7 

6.7 

6.7 

6.'1 

6.7 

6.6 

Stopped 22 

Cooled 3 minutes. 
Coked slightly 
Percentage Volatile s. 

9.8332 
9.4667 

.3665 

:Before 118 
113 

• 
• 
• 
• 
• 

112 

" 
• 
• 
• 
• 
• 
• 

53 

Heat and Volatil~ 

Vols. begin 

Vols. continue. 

Vols • oease 

Gu es catch tireJ 
15 

:Burning st ops 



( 

r 

I 
I 

SAlCPLE I ,. No. 1. 

Time Amperes. Volts. 
Hr. !!in. See. :Sef'. 119 

Start 10 15 0 '7.8 114 

15 6.9 • 
30 6.? • 
45 6.5 .. 

16 6.4 • 
30 6.4 .. 

17 6.4 • 
30 6.4 • 

18 6.3 115 

30 6.4 • 
Stopped 19 6.4 • 

Peroentage Volatile~ 
9.8323 
912588 -

.4735 

54 

Volatile~. 

Vols. begin. 

.. continue 

Heavy vols • 

Vols. o ease 



SAUPLE 1. N'o. 2. 

Time. .Amperes. Vol ts. 
Hr. 1'in. 'Sec. Bef. 124 

Start 

Stopped 

11 24 0 a.2 
15 '7.l 

30 6.8 

45 6.6 

25 6.4 

30 6.3 

26 6.2 

30 6.2 

27 6.l 

30 6.1 

28 6.1 

Peroentage Volatila, 
9.8322 
9,3591 .. 

• 4731 

118 

.. 
• 
• 
• 

11'7 

• 
116 

• 
• 
• 

55 

Volatiles. 

Vols. begin. 

Vols. continue. 

• 
Vols. cease 



56 
Sample I. No. 3. 

Time Amperes. Volts. Volatilitf,. 
Hr. Uin. Sec. ~ef .116 

Start 2 20 0 '7.9 111 

15 '7 .o • 
30 6.9 • 
45 6.8 • 

21 6.6 • Vols • begin 

30 6.7 • Vols • continue 

22 6.'7 110 Volas. cease 

30 6.7 109 

23 6.7 • 
30 6.7 • 

Stopped 24 6.8 • 

Percentage Volat1ltr$. 
9.8321 
9.35'78 
.4743--



57 

SAMPLE . J;. No. 4. 

Time. Amperes. olts. Volatile~. 

Hr. Kin. Sec. :Bef' .124 
Sta.rt J 45 0 '1.8 , 119 

15 6.'1 • 
30 6.5 • 
45 6.3 • 

46 6.2 • Vols. begin. 

30 6.1 • Vols. continue • 

4'7 6.l • Vols. catch f'i re • 

30 6.1 • Vols • oes.se. 

48 6.1 • 
30 6.2 120 

Stopped 49 6.3 121 

Peroen.tage Volatiles. 
9.8323 
9.3587 

.4'136 



SAMPLE I. No. 5. 

Time Amperes. Vol;ts. 
Hr. Kin. Sec. 

Start 10 30 0 a.o 
15 7.2 . 

30 6.8 

45 6.7 

31 6.6 

30 6.6 

32 6.6 

30 6.6 

53 6.5 

30 6.4 

Stopped 34 6.3 

Percentage Volajil•~· 
9.8322 
9.3588 

.4734 

:Bef'. 118 
114 

• 
• 
• 
• 

115 

.. 
• 
• 

116 

• 

68 

Volatile~ 

Vols. begin. 

Vole. continue. 

Vols • cease 



SAMPLE I· No. 6. 

Time. Amperes. Volts. Volatil9i· 
Bet. 119 Hr. l,(in. Sec. 

start 2 18 0 a.2 
15 7.1 

30 6.8 

45 6.8 

19 6.6 

30 6.5 

20 6.4 

30 6.5 

Zl 6.5 
30 6-S 

Stopped 22 6.5 

Percentage Volatila~-
9 .8324 
9.3579._ 

.4'745 

113 

• 
• 
" Vols. bagin. 

• Vols. continue • 

• , . 
• 45 Vole. cease 

• 
• 
• 

47.45% 

59 



~AMPLE I. N'o • '7 • 

Time. Amperes. 
Hr. Jfin. Sec. 

Start 5 10 0 

15 

30 

45 

11 

30 

12 

30 

13 

30 

Stopped 14 

Percentage Volatiles. 
9.8324 
9.3595 

.4729 

8.5 

7.3 

7.2 

7.1 

7.0 

7.1 

6.9 

6.9 

6.9 

7.0 

7.2 

60 

Volts. Volatiles. 
l3ef. 114 

109 

" 
" 

" 
108 VoJ.s. begin 

" " continue. 

109 " " 
108 " cease 

• Gases catch 
fire • 

• 



SAllPLE I. No. a. 

Time. Amperes. 
Hr. lfin. Sec. 

Start 9 42 0 a.1 
15 '7.3 

30 '7.0 

45 6.9 

43 6.8 

30 6.'7 

44 6.'1 

30 6. '1 

45 6.'7 

30 6.'1 

Stopped. 46 6.6 

Percentage Volatile~. 
9.8322 
9.358§. ... 

• 4'734 

61 

Volts. Volatile~ 
Bef'. 113 

108 

• 
.. 
• 
• Vols. bsg1n. 

• Vols. continue, 

.. • 

.. Vols. oea.se 

107 Gases catch tire. 

• 
• 



S.AllPLE I. No. 9. 

Time. Amperes. 
Hr. !Lin. Seo. 

Sta.rt l 45 0 7.7 

15 6.8 

30 6.7 

45 6.6 

46 6.4 

30 6.3 

4.7 6.3 

30 6.3 

48 6.3 

30 6.4 

Stopped 49 6.4 

Percentage Volatile~ 
9.8322 
9,3584 

.4'138 

62 

Volts. Volatil~ 

Bef. 121 
11'7 

• 
• 
• 
• Vols. begin • 

• Vols continue • 

.. Vols oease • 

• 
• 
• 
• 

4'1.38% 



63 
S.AKPLE I. No. 10. 

Time Amperes. Volts. Volatila._ 
Hr. llin. Sec. Bef. 121 

Start. 4 12 0 8.4 115 

15 7.2 • 
30 6.9 • 
45 6.'1 • 

13 6.'1 116 Vols. betin. 

30 6.6 114 Vols. oontinue. 

14 36 6.6 115 • 
30 6.6 114 Vols. a ease 

15 6.5 • 
30 6.4 

Stopped 16 6.5 

Psroentage Volatile~. 
9.8323 
9.3579 

.4744 


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117

