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Annual reports on Mines Branch investigations are now issued in 
four parts, as follows:— 

Investigations of Mineral Resources and the Mining Industry. 

•Investigations in Ore Dressing and Metallurgy (Testing and Research 
Laboratories). 

• Investigations of Fuels and Fuel Testing (Testing and Research 
Laboratories) . 

Investigations in Ceramics and Road Materials (Testing and Research 
Laboratories). 	 • 

Other reports on Special Investigations are issued as completed. 



MINES BRANCH INVESTIGATIONS OF

FUELS AND FUEL TESTING, 1923

The investigations described hereunder have been carried out under
the direction of B. F. Haanel, Chief of Division of Fuels and Fuel Testing,
and the immediate supervision of R. E. Gilmore, Superintendent of Fuel
Testing Laboratories.

I

THE CARBONIZATION OF LIGNITE AND SUB-
BITUMINOUS COALS ,

Harold Kohl

INTRODUCTORY

Previous Mines Branch Summary Reports' contain carbonization
results on lignites from both Saskatchewan and Alberta. The brown
lignites from Saskatchewan were experimented with on both the small
and large laboratory scale, while only small scale tests were made on the
Alberta lignites. This report describes carbonization experiments with
4% to 6%-pound samples carried out on five different Alberta coals.

The purpose of these carbonization experiments was to obtain infor-
mation on the comparative yield and value of the carbonized residue or
char as the main product, and of the gas, tar oils, ammonia, etc., as by-pro-
ducts. With this information the merits of the carbonization of these
Alberta coals, with or without the subsequent briquetting of the char,
may be discussed. The lignite coals from this province are known as
black lignites in contrast with the brown Saskatchewan lignite, and the terms
"black lignite" and "sub-bituminous" are often used as interchangeable.

The general characteristics of the lower grade Canadian coals vary
considerably. The so-called black lignites of Alberta may be classed as
low, medium and high grade depending mainly on the moisture content
of the coal as mined. All these three grades are, however, superior to
the brown Saskatchewan lignites, which when freshly mined contain over

.30 per cent moisture. By low-grade Alberta lignites are meant those
coals ranging from 20 to 25 per cent moisture and which are termed non-
storage coals. They are similar to the Saskatchewan lignites in that they
will disintegrate or slack on exposure, although not to the same extent.
The medium-grade Alberta lignites ranging from 15 to 20 per cent moisture

1 Summary Report of the Mines Branch, 1918, pages 87 to 105; 1919, pages 30 to 37; 1920, pages 39 to 42, and 1921,
pages 205 to 225.
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as mined are known in Alberta as limited storage coals, which apparently 
means that although they will crumble on exposure to extreme weather 
conditions they will not deteriorate if stored under cover after being mined. 
The high-grade lignites, showing from 10 to 15 per cent moisture when 
freshly mined, may be terMed storage coals, and in this respect are similar 
to the sub-bituminous, by which name they are often called. 

Without going into the details of chemical classification the sub-
bituminous coals for the purpose of this report may be defined as those 
non-coking (bituminous) coals having less than 10 per cent moisture 
when freshly mined and having a hygroscopic moisture in the neidbourhood 
of 6 to 7 per cent when air dried to constant weight in an atmosphere of 
approximately 60 per cent humidity. They may be distinguished from 
the true bituminous coals by their non-coking qualities and also by their 
calorific value on the "unit coal" or dry ash-free basis'. The dividing line 
between the bituminous coals proper and the sub-bituminous has been 
dravcrn at 14,000 B.T.U. per pound on the unit coal basis which line is quite 
serviceable. On the other hand the Alberta sub-bituminous coals may be 
differentiated from the high-grade lignites in that they are usually found 
in pitched seams whereas the latter coals are mined from flat seams. 

The Alberta lignites and sub-bituminons coals are high in oxygen 
content .and are known as domestic or household • coals. They are not 
smokeless in the sense that they will burn with no smoke the same as 
anthracite or coke, but when compared with bituminous high volatil e . 
matter steam coals the smOke coming  out of the chimneys is not noticeably 
black and disagreeable. Instead of the dense black smoke from ordinary 
soft coals' the smoke from the sub-bituminous coals may be described as 
white or blue resembling that from peat or wood. 

The brown lignites when freshly mined can be used either for house-
hold or steam-raising purposes and find general use locally. When shipped 
and stored under cover there is , no apparent reason other than economic 
'whY they should not find general use. The cost of mining, the necessity 
of paying freight on an excessive water content, and finally the value 
of the fuel on a calorific value basis are apparently the economic reasons 
why the brown lignites of Saskatchewan do not find more general use. 
The  same comMents also apply to Alberta lignites, but of course to a 
much less and varying degree. The lower grade black lignites for the 
above reasOns ma,y not be expected to find as general a use as the higher 
grades. 

For the lower grade Canadian coals the feasibility of carbonizing and 
briquetting has  received much attention-.  The  aim of the Carbonization 
process would be to obtain a carbonized residue or char with a heating 
value .approaching the high-grade fuels, and the purpose of briquetting 
would be to improve the general handling, storage and burning qualities 
so that the manufactured fuel may compare favourably with high-grade 
household  fuels  such as anthracite, by-product coke, or anthracite briquettes. 
If the brown  lignites are amenable to carbonizing and briquetting it does 
not necessarily follow that the higher grade black lignites and sub-bitum-
inous coals should be so treated. It would seem that the importance of 
carbonizing (and briquetting) the different grades of black lignites and 
sub-bituminous coals varies indirectly with the degree to which they can 
be used in their raw state. 

,•■ 



No.  I  Marked Lab. No. Description 

A 	Cardiff 
B Rose Deer 
C 	Taber 
D Coalspur 
E Harlech 

From Cardiff Collieries, Cardiff, Alta, 	  
From Rose Deer Coal Mfg. Co., Wayne, Alta. 	  
From Canada West Coal Co., Taber, Alta 	  
From McLeod River Hard Coal Co., Coalspur, Alta, 	 
From Harlech Coal Co., Harlech, Alta 	  

1456 
2257 
1824 
2621 
2255 
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EXPERIMENTAL 

Carbonization runs were made on five different coals at low temperature 
and on three of these at high temperature. All five coals were from Alberta, 
a list of -which is as follows :— 

The Cardiff and Taber coals carbonized were the same as used in the 
small scale experiments reported in the Mines Branch Summary Report 
for 1919 and 1921 respectively, the sample in the meantime having been 
kept in air-tight containers. The Rose Deer and Harlech samples used 
were from car lots shipped to Ottawa in April 1923 as demonstration Alberta 
Domestic fuels. The Coalspur coal used was froxn a fresh hundred-pound 
lump sample. 

The Cardiff Collieries are in the Edmonton area.
' 
 the Rose Deer 

coal is from the lower seam of the Drumheller area, and the Taber sample 
is from the Taber—Bow Island area in southern Alberta. All these 
three samples are lignites, and may be graded according to the moisture 
content either on the freshly mined or air-dried basis. The Coalspur 
coal from the Coalspur or Yellowhead area and the Harlech coal from the 
Saunders area are known as sub-bituminous. They are similar to the 
high-grade black lignites in that they are non-coking, and in this respect 
they may be differentiated from the true bituminous, which are practically 
all coking coals. 

The low temperature carbonization runs were made in the lead bath 
temperature control electric furnace described in detail on pages 99 to 
101, Mines Branch Summary Report for 1918. The retort, condenser 
and tar fog scrubber used were the same as described in the above reference. 
Duplicate runs were made on 3,000-gramme samples of each coal, and a 
weight balance made for each run. The maximum temperature at which 
the coal was carbonized was in the neighbourhood of 600°C. The tempera-
ture of the lead bath during the carbonization period ranged from about 
400°C., and the time taken to reach the above-mentioned maximum 
temperature averaged 43/b  hours. 

The liquid distillate from the duplicate runs were combined and 
by means of gravity settling after warming followed by recovery of the 
last traces of oil by ether, a separation of the tar oil from the aqueous 
distillate was made. The carbonized residue or char, gas and the liquid 
products were analysed according to standard laboratory practice. In 
the high temperature runs the furnace used was the same as employed in 
the fusibility of ash determinations according to the U.S. Bureau of Mines 
standard method—namely a No. 3 melters furnace. A retort 10 inches 
long made from a .  5-inch diameter iron pipe was fitted with a 2-inch gas 
off-take pipe, which in turn was connected to the same gas condensing 
and scrubber train as used in the low temperature runs. 2,000-gramme 
samples were used and the heating continued until the temperature in the 
coal reached approximately 950°C. 
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The low temperature carbonisation results for the five coals used are
given in Tables I to.VI inclusive under the numbers A, B, C, D.and E.
In table I the ana.lyses are given on boththe "as used7D and "drybasis." Table
II is a summary of the yields and partial allalyses of the char, gas, dry tar,
and aqueous liquor products. Table III is a weight balance, and tables
IV and V are the analyses of tar and gas respectively. In table VI is
given a thermal balance where the ctilorific-values of the products-are given
as percentages of the heating value of. thé raw çoal carbonized.

Tables VII. and VIII are the summarized results of the three coals,
viz.: B, D, and E carbonized at high teinperature. Table VII is it sümmary
of the yields and analyses of the char and other products, table VIII a
combined weight aaid thermal. balance slleet.

Discussion of Resùlts

The five coals ca.rbonized may be graded or ari•anged according to
their moisture contents, which as shôwn in' table I ranged from 21.4 per
cent' in A to 6.7 per cent in coat E. The coals used had béen éxposed
either in transit, or in storage (under cover) so that the moisture contents
indicatéd arè.for air-dried lùmp doal rathéi• than for'frèshly minëd.. Coals A,
B, and C, as mentiôned 'â,bove, are termed black lignites and D and E sub-
bituminôus. The calorific value of the coal as cliarged, which of course
varied indirectly às the moisture content, is alsô a means of grading these
coals. Still another method of grading is according to calorific value on
the dry basis, which in turn will correspond to the grading on the dry ash-
free basis as the ash contents are fairly uniform. While the calorific
value of the three black lignites varied from 11,040 to 11,910 B.T.U. per
pound their average is roughly 11,500 as compared with an average of
nearly 12,500 for the two sub-bituminous coals.

Lignites and. sub-bituminous coals are non-coking and when carbon-
ized yield an incoherent residue or char in contrast to,thé coherent coke
residue resulting from true bitilminôus coals. For the la,ttei•, coals the
burning qualities in respect to smoke -are improved by coking and the
calorific value pér pound of the coke may or may not be greater than that
of the raw coal carbonized. For the sub-bituminous and lignite coals
carbonization does not improve the burning qualitiés in respect to,smoke
to the. same extent as with the bituminous coals, but the calorific value
per pound of the char is materially increased over that, of the raw coal
carbonized. In the following table is a comparison of this increase for the
coals carbonized..

Coals

Calorific value of coals used-
B.T.U. per lb. as charged ................
B.T.U. per lb. dry- basis..................

Calorific value of char-.
Low temperature tests ...................
High temperature'tests...................tests......

Increase in calorific value of low tempera-
ture ohar-

(a) over that of coal oharged.. . . . . . . .
(b) over that of dry coal ........... . ..%o

A

8,680
11,040

12,750

47•0
15•5

0,860
11,800

13,320
(12,810)

35•5
13•0

C

10,480
11,910

13,040

24•5
8•5

11,280
12,240

12,920
(12,520)

14•5
5•5

E

11,750
12,590

13,430
(12, 855)

.14•5
, 0•5

-lass of coal ...............................I Black lignite I Sub-bituminous



Thermal value of products as per cent of that 
in the raw coal as charged 

]3 
Black lignite 

Average  of D and E 
• Sub-bituminous 

Char 	  
Tar 	  
Gas 	  

Loss 	  

Low 
temperature 

78.9 
5.1 

11.5 

High 
temperature 

75.3 
3.1 

20.1 

Low 
temperature 

81.3 
6.6 
7.8 

High 
teraperature 

68.1 . 
3.6 

20.5 

4.4 1 •5 4.3 7.8 

Sp. 
Gr. Vol. 

20 
42 
20 
17 

1.015 
0.918 
0.996 
1.018 

Sp. 
Gr. Vol. 

22 
33 
18 
26 

1.045 
0.945 
0.017 
1.053 

•7 
.6 
•7 
15 

5 

For the low temperature carbonization tests the maximum tempera-
ture was controlled in the neighbourhood of 600°C. At approximately 
this temperature the char reached its maximum calorific value per unit 
weight as indicated by small scale experiments already referred to. 
Carbonization at higher temperature gives a lower yield of char and a 
higher gas yield. The heating value per pound of the char from the high 
temperature tests was appreciably lower than that for the low temperature 
char as shown in the above table. 

A study of the distribution of the heat of combustions of the different 
products in the high temperature tests as compared with that of low 
temperature tests is worth while and may be given as follows:— 

In the high temperature tests the coal was not charged into a hot 
retort similar to high temperature coking practice. The quality of the 
tar therefore will not be wholly typical of high temperature tar. The 
yield was however mateiially lower in the high temperature runs than 
in those at low temperature. A comparison of the tar oils may be made 
as follows:— Lid 

Comparison of Tar Oils at Low and High Temperature 

Black lignite Sub-bituminous 

Low 	Fligh Low High 

Yield of dry tar oils 
(Imp. gals, per ton) 6.2 	I 	3.8 8.6 4.1 

% 	SP• 	% 	SP• 
Vol. 	Gr. 	Vol. 	Gr. 

Crude tar oils 	  
Fraction to 200° C 	  
Fraction 200-300°C 	  
Fraction 300-350° C 	  
% Wt. (pitch)-350° up 	  

	

0.994  	0.983 
25 	0.880 	27 	0.870 
35 	0.960 	36 	0.974 
17 	0.980 	19 	1.014 
21  	17 	 

Imp. gals. per ton of fraction to 
200° C 	  

Imp. gals. 	" 	" 	200-300° C 	 
Imp. gals. 	" 	" 	300-350° C 	 
Lbs. of pitch 350° C. up 	  

1.6 
2.2 
1.0 

13 

.4 
•7 
6 

.9 
•3 
.7 
11 

The purpose of the above table is to show the low yields of crude tar 
oils and their fractions resulting from high temperature carbonization in 
comparison with those in the low temperature tests rather than to show 
the difference in the nature of the tar. The results are to be considered 
as comparative only, and any detailed interpretation should not 
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be attempted, as different results would more than likely be obtained by 
charging the coal into a hot retort, and by carbonizing on a larger scale. 
Averaging the tar yields first from the lignites B and C and second from 
the sub-bituminous coals D and E, and comparing these averages with the 
tai'  yields from peat and brown lignites on the one hand and with bitum-
inôus coals on the other the following table is of interest:— • 

Low temperature 
carbonization 

Fuel • Moisture 
content Sp. Gr. 

of tar 
Imp. gals. 

per ton 

Peat (air-dried) 	  
Brown lignites (Sask.) 	  
Black lignites (Alta.) 	  
Sub-bituminous coals (Alta.) 	  
Bituminous coals (Ill.). 	  
Bituminous coals (English) 	  

25 •0% 	- 0.97 
33.0 	•1.00 
14.5 	1.00 
7.5 	.:.. 1 •00 
7 •0 	1.07 
5 •0 	1.04 

14.0 
5.5 
6.0 
9.0 

15.0 
22.0 

The  yield of tar fôr peat is that given in Mines  Branch' Report ,for 
1922, page 204, and the yield from brown lignites is-the. average of coals 
A to E inclusively as given on page 105, Summary ,Report  for 1918.. The 
15-gallon tar, yield was on 6 to 8-pound samples of (poor coking) Illinois 
coal—see University .of Illinois Bulletins 60 -  and 79—and .the 22-gallon 
yield  for the English - côals-  was calctilated from  the results given  On page 
33—Report of the 'Fuel Research Board for 1920 and 1921. It will be 
noticed that in the latter -  reference the Yields 'of tar from the large scale 
horizontal retorts waS ônly about 60 per Cent Of the -above ,  laboratory 
yield. The tar results, therefore, in this report must be interpreted only 
as that obtainable on small laboratm'y scale. The . yield of tar at low 
temperature on a commercial scale. from these lignite andn-Süli:bituniinous 
coals would be much lOwer than indicated and would be still lower if 
carbonized commercially at ' high temperatures. 

The carbonized residue or char was not examined as to suitability 
for briquetting. Future work on the samples of char -frôni .  bôtli the low 
and high temperature tests is planned. A study  'of  ,the  structure of the 
char under hand lens and microscope, -  thé determination -of 'porosity; the. 
apparent and ,true sliecific gravity along with briquetting experiments 
to determine' the amount of different kinds of binder necessary  to  make a 
good doin.estic briquette  hi  comparison  with anthracite fines on the one 
hand and with char from .brown lignites on .the other, is to be included in 
the work still to be carried out 'on th ë char from the five çoals yeported. 

SUMMARY 	 . 

1. Laboratory carbonization tests have been canied out on Alberta 
lignite and sub-bituminons coals at both high and low temperature.' For thé 
low temperature tests 3,000-gramme samples were carbonized  at  approxim-
ately. 600°C., while in the high temperature tests on 2,000-gramme samples 
the carbonizing temperature used was 900°C. to 950°C. The ,,results, 
which are given in.tables, include: analyses of coals• summary of carbon-
izatiôn tests; analyses of gas and tar oils along with weight and thermal 
balances.  
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2. The Alberta lignites may be designated black lignites in contrast 
to the brown lignites of Saskatchewan. The terms black lignites and 
sub-bituminous are often used as interchangeable but for the purpose of 
this report they have been defined and treated as two different classes of 
coals. The three lignites and two sub-bituminous coals (here reported) 
may be graded according to (a) the moisture content either on the freshly 
mined or air-dried basis, and (b) calorific value on the freshly mined, air-
dried or dry ash-free basis. 

3. The black lignites and sub-bituminous coals are termed domestic 
fuels, and are used extensively for this purpose. The lignites are graded 
non-storage or limited storage coals depending on the moisture content 
as mined, while the low moisture black lignites along with the sub-bitum-
inous coals are considered of storage quality, the same as bituminous coals 
in general. When carbonized, an incoherent char is produced which 
requires to be briquetted to improve its burning and handling qualities 
as a household fuel. For the lump coal (irrespective of the liquid and 
gas by-products) the necessity and desirability of carbonizing would seem 
to bear an indirect relation to their use in the raw state. 

4. The increase in calorific value per unit weight of the char over 
that of the raw coal charged was roughly 47, 35, and 25 per cent respect-
ively for the three lignites tested and 14.5 per cent each for the two sub-
bituminous coals. Brown lignites give an average increase of about 
75 per cent. On the dry basis the corresponding increase is 18 per cent for 
brown lignites; 15 .5, 13 .0 and 8.5 per cent respectively for the three black 
lignites and 6.0 per cent average for the two sub-bituminous coals. 

5. The yield of char was roughly 54, 58, and 63 per cent of the coal 
charged respectively for the three coals carbonized at low temperature, 
compared with 68 and 72 per cent for the two sub-bituminous coals. The 
medium-grade lignite giving 58.4 per cent char at low temperature gave 
55.8 per cent at high temperature, while the average yield of char from 
sub-bituminous coals at high and low temperatures was 71.0 per cent and 
61.7 per cent respectively. 

6. The yield of gas varied from 4,500 to 5,000 cubic feet per (2,000 lb.) 
ton for the three lignites at low temperature compared with an average of 
3,100 Cu.  ft. for the two sub-bituminous coals. At high temperature this 
relation was reversed, viz.: 8,800 Cu.  ft. from the lignite tested and an 
average of over 10,000 for the two sub-bituminous coals. 

7. The tar yields were 3.3, 6.2 and 6.3 Imp. gallons respectively 
for the three lignites at low temperature compared with 9 • 9 and 8.6 
gallons for the sub-bituminous coals. At high temperature the tar yield 
fell to less than 4 gallons for the lignite tested and an average of about 
5 gals. for the sub-bituminous coals. The average laboratory yield for 
the five brown lignites has previously been reported as 5.5 Imp. gallons 
per ton of coal as charged. Inasmuch as it is doubtful if over 60 per cent 
of these tar yields could be realized on the commercial scale, the tar oil 
by-product from these lignite and sub-bituminous coals may not be con-
sidered as important in comparison with that from peat on the one hand 
and bituminous coals on the other. 
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8. The.caa•bonized residue or char was not examined as to suitability
for briquetting, but further ^vork along this line, particularly on char from
low price. fines or slack coal, is included in future working plans for carbon-
ization and briquetting experiments.

TABLE I

Analyses of Coals Carbonized

Coals

Analyses (as charged)-
Moisture .....................%
Ash.......................... %
Volatile matter.............. %
Fixed carbôn.... ï . . . . . . . . . . . .%

A
Cardiff

21•4
6•4
32•5
39•7

B
Rosedeer

16•5
7•2
34•1
42•2

C
Taber

12•0
7•7

33•7
46•6

100•0

Nitrogen (1) .................%
Sulphur ..... ...............%
B.T.U. per lb ..... . . ........ ... .

Analyses (dry basis)-
Ash ...........................%
Volatile matter . . . . . . . . . . . . . .%
Fixed carbon ....... . . . . . . . . . . .%
B.T.U. per lb ..................

0•9
0•2

8,680

8•1
41•4
50.5

11,040

1•2
0•4

9,860

8•6
• 40•8
50.6

11,800

1•4
0.9

10,480

8•8
38•3
52•9

11,910

(1) Nitrogen and sulphur are average for coals from the area.

TABLE II.

D
Coalspur

7•9
8.0
34.5
49•6

0•s
0•2

11,280

8•7.
37•5
53•8

12,240

Summary of Low Temperature Carbonization Tests

(Yields per 2,060 lbs. of coal as charged)

E
Harlech

6•7
7•4
32•9
53•0

1.0
0•2

11,750

7•9
35•3
56•8

12,590

Coals A B C. D E

Maximum temperature of carbonization as
per lead bath pyrometer reading.......... 600°C. 630°C. 610°C. -600°C. 590°C.

Carbonized residue or char;
Per cent of coal carbonized ............... 54•0 58.4 63•1 69•7 72.3

Proximate analyses-
................................%Ash ... 11•2 11•7 12•6 11•5 10.0.

Volatile matter......... ...............% 11•8 8•9 9.0 12•1 10.8
Fixed carbon ............:.. ..........% 77•0 79•4 78•4 76•4 79•2

Calorific value B.T.U. per lb ............. 12,760 13,320 13,040 12,920 13430

Gas (as per meter readings)-
Cu.ft. per ton ........................... 4,500 4,540 5,000 3,290 3,095

B.T.U. per cu. ft. (calculated)............ 448 . 502 575 519 582
Density (air-` 1) ........................... 86 70 73 81 65

Tar (dry)-
Imp. gals. per ton ........................ 3•34 6.21 - 6.28 9.90 8•60
8p. Gr. at 15•5° C ........................ 0•981 .0'.994 1•020 0•994 1.015

Liquor (aqueous)-
Imp. gals. per ton ........................ 608 513 432 309 311
(NH4)2 SO4 lbs. per.ton .................. 5•6 .......... 13•2 5.6 9.2
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TABLE III 

Weight Balance-Low Temperature Carbonization Tests 
(Parts by weight for 100 parts of coal charged) 

Coal 	 A 	B 	C 	D 	E 

Coke 	54•0 	58.4 	63.1 	69.7 	72.3 
Tar 	1 •6 	3.2 	3.1 	4.9 	4•4 
Liquor 	30.4 	25.7 	21.6 	15.5 	15-5 
Gas and loss (by difference) 	14.0 	12.7 	12.2 	9.9 	7.8 

	

100.0 	 

Gas (calculated)(1) 	14.7 	12.0 	12.8 	10.1 	7.6 

(1) The figures used here were calculated from the yields in Table II as at 60°F. and 30" 
pressure. 

TABLE IV 

Analyses of Tar Oils--Low Temperature Carbonizathm Testa 

Coal 	 A 	 B 	 C 	 D 	E 

Tar (dry)- 
Sp.Gr. at 15.5° C. 	0•981 	0.994 	1•020 	0.994 	1.105 
B.T.U. per lb 	 16,400 	16,240 	16,355 

Distillation 	% 	Sp. Gr. 	% 	Sp. Gr. 	% 	Sp. Gr. 	% 	Sp. Gr. 	% 	Sp. Gr. 
Vol 	15.5° C. 	Vol 	15.5° C. 	Vol 	15.5° C. 	Vol 	15.5° C. 	Vol 	15•5° C. 

To 200° C 	25 	0 •817 	25 	0•88 	20 	0.894 	21 	0-846 	20 	0.918 
200-300°C 	37 	0.972 	35 	0.96 	36 	0.985 	35 	0.961 	42 	0-996 
300-350°C 	15 	0 •992 	17 	0.98 	19 	0.013 	18 	1.006 	20 	0•018 
Pitch by weight 	22  	21  	23  	25 	17 	 
M.P. of pitch 	79°C 	 74°C. 

To 170°C 	15  	8  	9  	10  	6 	 
170-230°C 	21  	28  	23  	21  	28 	 
230-270°C 	16  	15  	15  	17  	17 	 
270-310°C.  	12  	12  	12  	11  	12 	 
310-350°C 	12  	14  	16  	16  	17 	 
Pitch (by wt.) 	22  	21  	23  	25  	17 	 

TABLE V 

Analyses of Gases from Low Temperature Carbonization Tests 

Coal 	 A 	B 	C 	D 	E 

Density (air - 1) 	0 •86 	0.70 	0.73 	0.81 	0.65 
CO2 	 33.8 	18.0 	24-3 	16 •7 	8.0 
Illuminants 	0.8 	1.9 	2.2 	1.7 	1.0 
02 	2 •2 	1.9 	0.7 	1-4 	3.5 
CO 	 7.1 	6.1 	5.2 	6.1 	5.2 
CH4 	37.0 	37.2 	46-9 	44•6 	48 •4 
H2 	13.2 	25.6 	17.0 	8.1 	19.8 
N2 	5.9 	10.3 	3.7 	21-4 	14 •1 
B.T.U. per Cu.  ft.- 

Net 	405 	440 	519 	469 	526 
Gross 	448 	502 	575 	519 	582 

The density and B.T.U. per ou.  ft. are cakulated values. 
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TABLE VI
Thermal Balance-Low Temperature Carbonization Tests

(Thermal value of products as percentage of that in raw coal charged)

Coal A B C D E

Coke ......:.............................% 79•6 78•9 78•5 79•9 82•6
Tar ......................................% 3•1 5•1 5.0 7.1 6•1
Gas ......................................% 11•6 11•6 13•7 7.9 7•7
Loss ............................. .---- ---% . 5.7 4.4 2.A 5.1 8.6

TABLE VII
Summary of High Temperature Carbonization Tests

(Yields per 2,000 lbs. of coal as charged)

Coal B D E
Carbonized residue or char- --

Per cent of coal as charged ............................. 55•8 60•4 63•1
Pounds per ton ........................................ 1,116 1,208 1,262

Proximate analysis of char-
Ash ................................................. 0 12.4 12•1 11•4
Volatile matter ...................................... 0 2•3 1•3 1•1
Fixed carbon ........................................ 0 85.3 86•6 87.5
B.T.U. per lb ................. .'....................... 12,810 12,520 12,855

Gas (as per meter reading)-
Cu. ft. per ton ......................................... 8,790 9,420 11,030
Density calculated (air = 1) ......:.................... 0•65 0•61 0•50
Analyses-

C02 ................................................ 14•9 7•1 5•9
Illuminants .........................:.............. 1•6 2•8 2.1
02 ............................................... 1•6 4•6 5•4
CO ................................................ 9•0 10•2 12.1
CIi4 ............................................... 28•1 22•6 23•4
H2 ................................................ 32•0 33•9 45.7
Ns...................................... .......... 12•8 18•8 5•4
B.T.U. per cu. ft.-

Gross ......................................... 439 413 454
Net ........................................... 393 371 405

Liquor-aqueous (Imp. gals. per ton) ... . . . . . . . . . . . . . ....... 41•7 30•6 25•1
Ammonium sulphate (lbs. per ton) ......................... 19•9 ..
Tar (dry)-

Imp. gals. per ton ........... ..........................
8 ifi i °

3•8 41
pec c grav ty at 15•5 C ............................. 0•983

.

1•045
B.T.U. perlb ......................................... 16,240 15,710
Distillation (% Volume)-

Up to 170°C ....................................... 14 12
170-230°C .......................................... 26 ............ 25
230-270°C .......................................... 13 ............ 10
270-310°C .......................................... 13 ............ 9
310-350°C .........................:................ 16 ............ 17
Pitch(hvwt-l------_-__ 17 2a

TABLE VIII
Weight and Thermal Balance-High Temperature Carbonization Tests

(Weight and thermal value of products as percentage of that in raw coals as charged)

Coal

Coke ... .............................. .%
Tar....^^^ ................................%
Aqueous liquor .................... .%
Gas and loss (by difference.) ................

Gas (calculated) .............................

Weight balance

D

55•7
1•9

20•8
21•6

60•4
3•0
15•3
21•3

21•7

Loss .......................................%I........

21•8

E

63•1
2•2
12•6
22•1

20.9

Thermal balance

B D E

19•8

1•8

19•7

9•0

21•3

6•7



II  

SURVEY OF MARITIME PROVINCES COALS 

J. H. H. NicolIs 

INTRODUCTION 

This report is a description of samples taken by the writer during the 
summer of 1923 in the principal coal fields of New Brunswick and Nova 
Scotia. It is proposed that within the next few years the Division of 
Fuels and Fuel Testing, either alone or with the co-operation of the Pro-
vincial Laboratories, shall carry out a general survey of Canadian coal 
fields, and the samples herein described represent the first section of such a 
survey, inasmuch as they furnish information as to the quality of coal now 
being mined in the Maritime Provinces. 

During the years 1908-1909 a comprehensive survey of the coals of 
Canada was carried out in connexion with the "Government Coal Tests" 
conducted at McGill University by Dr. J. B. Porter and a considerable 
staff. A description of this survey, and of the laboratory and commercial 
scale tests which followed it, is to be found in "An Investigation of the 
Coals of Canada"  by Porter and others. Subsequently this work was 
transferred from McGill University to the Fuel Testing Station at Ottawa, 
and in 1918 the principal analyses carried out in either laboratory were 
published as "Analyses of Canadian Fuels" compiled by Stansfield and 
Nicolis.' 

The present survey was carried out along very much the same lines as 
that made by Denis 15 years ago. In all 65 samples were collected, of 
which 14 were from New Brunswick and 51 from Nova Scotia. The field 
notes taken during the survey and the chemical analyses of the samples 
have been of special interest to the Dominion Fuel Board in that body's 
recent investigation as to the suitability of coals from the Maritime 
Provinces for the manufacture of domestic coke. 

COLLECTION OF SAMPLES 

In planning and carrying out the survey it was decided that the most 
reliable samples were those obtained by cutting the coal seams in the 
mines. In this way samples of coal almost entirely free from impurities 
were obtained, which serve as a fairly reliable basis upon which to compare 
the coal from the different seams. These samples have been designated as 
"mine" samples, as distinguished from the "tipple" samples taken above 
ground. Whenever in the description of a sample it is stated that partings or 
impurities were discarded, the sampler has been following the practice used 
as far as possible in mining the seam. In the few instances where a portion 
of the seam was sampled, only that particular portion was being worked 
at the time of sampling. 

At a great many mines there is considerably more foreign matter in 
the coal as brought above ground than there is in the seam. This is due 
partly to thin intrusions, which could be almost completely removed in 

'Mines Branch Publication No. 83—In six volumes. 
'Mines Branch Bulletins Nos. 22-28. 
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cutting a small sample, but which could not be entirely taken out in mining 
without considerable loss of time and labour. Furthermore, shale and 
rock from the roof and floor of the mine sometimes come to the surface with 
the coal, and it is often due to the removal of these that some mines pro-
duce coal superior to others on the same seam. Therefore, because they 
represent coal as shipped from the mines and may be slightly inferior to 
the "mine" samples, "tipple" or surface samples were taken in order to 
supplement the information obtainable' from the principal or "mine" 
samples. 

The survey was not as thorough as is generally advisable owing to 
the necessity of its completion within a limited time. Generally speaking, 
only one mine and one tipple sample were taken at each mine, whereas in a 
very careful and detailed survey at least four mine samples should be 
taken, and one or more tipple samples according to the production capacity 
of the mine. At each mine the manager or principal foreman was requested 
to indicate the part of the seam then being mined that, to the best of his 
knowledge, represented its average composition, and there the sample 
was taken. If the coal had not been freshly cut, that is within the last 
few days, an inch or more (according to the time elapsed since last cutting) 
of surface coal was removed before taking the sample. In addition any 
adjacent loose coal °I-rock was removed lest it should fall and contaminate 
the sample. For the sample a uniform section or "channel"  ' was  cut across 
the seam from top to bottom and allowed to fall on to a tarpaulin stretched 
on the floor of the mine so as to exclude mine dust or impurities. The 
area of the cross-section of the channel was varied with the height of the 
seam and with its apparent uniformity or content of impurities. Where 
intrusions of shale or "partings" were left out, a note of this and any other 
physical characteristics of the seam is to be found in the description of the 
individual samples. If the sample was too large for a 125-pound sack it 
was quartered on the tarpaulin. This was also done in the few instances 
where the sacks had to be carried to the hoists. 

Tipple samples were usually taken' from railway cars either in the 
course of or after loading. At one colliery the cars were specially loaded, 
and samples taken as the coal came from the chutes to the cars. The 
practice generally followed was to take the samples from all over the surface 
of a full or partly loaded car, usually the former. If there were any reason 
for taking a sample representative of more than one car-load all the coal 
was thrown on to the tarpaulin, where it was thoroughly mixed and then 
quartered. In a few instances where no coal was being .shipped, the 
tipple samples were taken from loading bins or from storages. Usually 
these contained a large quantity of coal, and the samples were considered 
to be representative. On the other hand, samples taken from a small 
pile or a stationary picking belt, while they may be quite representative, 
cannot be considered as satisfactory as those taken from a larger quantity 
of coal, and are therefore designated as "grab" samples. 

DESCRIPTION OF SA.MPLES 

As is . the case in "Analyses of Canadian Fuels," the samples are 
described under the numbers allotted to them on arrival at the Fuel Testing 
Station, which are not necessarily consecutive. For the sake of uniformity 
the mine samples are listed before the corresponding tipple samples. It 
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was primarily intended to list the areas in the same order as in Bulletin
No. 22 (just referred to), that is beginning with the Sydney area, Nova
Scotia. However, as this survey was largely brought about by repre-
sentations of New Brunswick interests, since the sample numbers run in
order from Minto where the survey was begun to Sydney where it finished,
and since even in the Sydney area the numerical order would be entirely
upset by listing the samples as in Bulletin No. 22, it was decided to tabillate
the samples almost entirely in chronological order.

The names of areas are identical with those previously used, except
that the former "Grand Lake Area" is called "Minto (Grand Lake) Area."
It is proposed to replace the name Grand Lake by the better known Minto
when referring to the area in any future publications, and the combination
of the two names is an intermediate step.

In addition to the samples collected by the writer, seven more from
the Minto area have been included in this report. These were taken by
W. S. Dyer, of the Geological Survey, and should be classed as field survey
samples. Furthermore, four samples from Caraquet, Gloucester co.,
N.B., and two from Riversdale, Colchester co:, N.S., have been included
because of their being the first samples received from the deposits which
they represent. These were not taken by representatives of the Depart-
ment, but at least indicate the general nature of the deposits. All these
samples were taken during the past summer, with the possible exception
of those from Riversdale. As these were received in July, it seems prob-
able that they also were taken during the summer of 1923.

NEW BRUNSWICK

Minto (Grand Lake) Area

Fourteen samples were collected from six mines.

Minto Coal Co., Ltd., Minto, No. D 3 shaft, South Minto.
No. 2289-From No. 2 by-level, north side of workings, 140 feet

from shaft bottom, 37 feet from surface.
Channel cut across 29-inch seam at one end of a freshly cut bench.

Shale was removed from sample.
No. 2288-Over 8-inch screen, from box car loading at tipple.

Welton & Henderson, Ltd., Minto, No. C 2 shaft, South Minto.
No. 2291-From No. 1 room, No. 1 level, west side of workings, 70

feet from shaft bottom, 58 feet from surface.
Channel cut across 26-inch seam in a 14-foot working face.

All shale and foreign matter excluded.
No. 2290-Over 8-inch screen, from freshly loaded open car.

H. and W. Welton, Minto, No. 6 shaft, South Minto.

No. 2298-Over 8-inch screen, from freshly loaded open car.
No. 2299--Slack, through '-inch screen, from freshly loaded open car.
The coal appeared dry as it came from the mine, but the cars sampled

were wet owing to a recent shower.
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Rothwell Coal Co., Ltd., Minto, No. 10 shaft, South Minto.

No. 2301-From 50 feet northeast of shaft bottom, 48 feet from
surface.

Channel cut across 18-inch seam after a layer of about 2 inches of
coal had been stripped off. Owing to pressure of time the sample was
taken in one of the tunnels from a place that had not been worked for
almost a year, where the mine was very wet.

No. 2300-Over 8-inch screen, from freshly loaded open car.
The coal appeared wet as it came from the mine, and was still wetter

in the car due to a recent shower.

Miramichi Lumber Company, Minto, No. 7 shaft on old King prôperty,
North Minto.

Following two samples from No. 4 level, raise side of main level;
188 feet from shaft bottom, 47 feet from surface.

No. 2293-24-inch upper seam.
No. 2294-6-inch lower seam.
After stripping off about 1 inch of coal, channels practically in align-

ment were cut across the two seams.
No. 2292-Over 1-inch screen, from car loading at tipple.

Minto Coal Co., Ltd., Minto, No. 2 B shaft, North Minto.

Following two samples from face of crosscut in preparation for longwall
mining, No. 1 by-level, No. 2 place right, 80 feet north of shaft bottom,
101 feet from surface.

No. 2296-22-inch upper seam.
About 1 inch was stripped off face of seam before cutting channel.
No. 2297-6-inch lower seam.
Face was freshly cut, so that coal was not stripped before cutting

channel. Upper 2 inches of seam are bone coal, which was excluded from
sample.

No. 2295-Over !-inch screen; from car loading at tipple.

The aforesaid five companies produce almost all the coal thât comes
on the general market from this area. The coal is sold either screened
(one size only, generally over 8-inch) or as slack. A large part of the
screened output goes to the railways, while a great deal of it is consumed
in the province or shipped to the state of Maine for manufacturing or
domestic use. The 'slack is employed for power-raising, very largely by
pulp and paper companies.

In addition to samples taken by the writer, the following were taken
by Mr. Dyer from holdings already developed.

Avon Coal Co., Ltd., Newcastle Creek (South Minto).
No. 2402-Upper seam.
No. 2400-Lower seam.
No. 2401-Tipple sample.

lVl cDougal Bros., Minto

No. 2403-From mine at South Minto.
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McPherson's Mine, Coal creek, near Chipman. 
No. 2541—General sample. 
Prospect samples were taken by- Mr. Dyer from Eighteen creek, 7 

miles southwest of Minto, as follows:— 
No. 2542—Middle seam. 
No. 2543—Upper seam. 

Gloucester Area 
The following samples were taken by Mr. J. W. Nixon from a property 

which he is developing for local fuel supply at Caraquet: 
No. 2485—Prospector's sample. 
Following samples taken after development was under way: 
No. 2599—Top half of 24-inch seam, 18 feet underground, 150 feet 

down slope. 
No. 2600—Bottom half of same 24-inch seam. 
No. 2601--Same as last, but only one corner of seam, which appeared 

to contain clay. 

NOVA SCOTIA 

Joggins-Chignecto Area 
The following eight samples were taken from four mines. . 

River Hebert Coal Company, River Hebert, Marsh mine, Kimberley seam. 
No. 2308—From No. 5 room west of slope, 575 feet down slope, 125 

feet from slope bottom. 
Channel cut across two 18-inch sections of seam with 1 or 2 inches of 

puting dividing them. The parting was discarded. 
No. 2309—Run-of-mine coal from loading pocket. 

Maritime Coal, Railway & Power Co., Ltd., Maple Leaf Colliery, River 
Hebert, Beech Grove mine, Old Joggins seam. 

No. 2310—From No. 2 sheet, No. 7 room west of slope, 450 feet down 
slope, 150 feet from slope bottom. 

Channel cut across two 27-inch portions of seam, divided by 4-foot 
parting of shale. 

No. 2311—Run-of-mine coal from box car loading at tipple. 

Minudie Coal Co., Ltd., Victoria Colliery, River Hebert, No. 1 slope, Queen 
seam. 

No. 2312—From 2,000 feet west of slope, 1,000 feet down slope, 100 
feet from slope bottom. 

Channel cut across two 15-inch sections of seam, divided by about 
the same thickness of shale 

No. 2313—Unscreened coal, over picking belt, from pile on the ground 
under the tipple. 

This was stated by the mine manager to be representative of the 
average output. 

84376-2 
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Fundy Coal Co., Ltd., Joggins, Fundy seam. 
No. 2315—From east side of slope, 1,075 feet down slope and practi-

cally at the bottom. 
Cut channel across the following section: 4 inches poor coal-30 

inches coal, including a little parting--10 inches of shale-3 inches of coal. 
The poor coal, any lumps of parting from the 30-inch section and all 

the 10' inches of shale were discarded. 
No. 2314—Run-of-mine coal from "run-of-mine" pocket. 
According to information gathered from the above companies, the 

coal sold from this area is principally screened, though a considerable 
amount of run-of-mine is also sold. Three of the four companies employ 
i-inch screens, so that this size may be considered as representative. A 
considerable percentage of the output, largely run-of-mine, is sold to the 
railways or loaded into ships on the bay of Fundy, while screened coal is 
sold for domestic use. Whatever slack is produced is generally consumed in 
the various companies' power plants. Only one company uses a picking belt. 

Springhill Area 
Four samples were taken from two mines. 

Cumberland Railway and Coal Co., Ltd. (British Empire Steel Corporation) 
Springhill. 

No. 2 Mine, Springhill, No. 2 seam. 
No. 2316—From counter level, 150 feet east of riding slope, 5,400 

feet down slope, 1,200 feet from slope bottom. 
After stripping about 4 inches from face, cut channel across  9-foot  

seam. Sample was reduced once by quartering. 
No. 2317—Over .i-inch screen and picking belt, from 14-ton open 

car loading at tipple. 
No. 6 Mine, Springhill, No. 6 seam. 
No. 2318—From 300 feet south of slope, at bottom of slope, 1,600 feet 

from surface. 
Channel cut across 5-foot 8-inch seam. 
No. 2319—Run-of-mine coal, from open car loading at tipple. 
Part of this coal appeared very wet. 
The output of these mines is largely unscreened coal, which at No. 2 

mine has been sent over a picking belt. This is sold principally to the 
railways, which consume a large proportion of the total output. Screened 
coal is disposed of locally or shipped by water from Parrsboro' on the bay 
of Fundy, while a certain amount of it is sold to the railways. Slack or culm 
is either sold to pulp and paper companies or consumed in the company's 
own power plant. 

Colchester Area 
The following outcrop samples were taken by the property holders 

from near Riversdale on the Canadian National railway. 
No. 2321—Lump coal. 
No. 2321A—Slack coal. 
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Pictou Area

Thirteen samples were taken from six mines.

Intercolonial Coal Mining Co., Ltd., Drummond Colliery, Westville.

No. 1 Mine, No. 1 or Main seam.

No. 2327-From No. 10 level, 500 feet north of slope, 4,000 feet down
slope, 1,000 feet from slope bottom.

Channel cut across lower 8 feet of 17-foot seam; 1 foot of parting
omitted.

No. 2 Mine, No. 2 or Scott seam.

No. 2326-From No. 1 room, No. 3 balance north of slope, 1,400 feet
from slope, 2,000 feet down slope, 1,500 feet from slope bottom.

Channel cut across central 8 feet of 13-foot seam.
The coal from these two mines is sent to the one bankhead, where it is

mixed in proportions which vary somewhat but average 5 parts of Scott
to 2 parts of Main. Owing to the difficulty of obtaining a true average
without sampling a number of cars, the mine authorities arranged to load
the output of the two seams into separate cars. In this way samples were
taken representing each individual seam as delivered from the bankhead
picking tables. By combining the analyses of these in the correct pro-
portions there was obtained the average composition of the coal as shipped.
This has been tabulated as No. 2328-9.

No. 2329---No. 1 Main'seam, unscreened coal over picking belt, from
box car loading at tipple.

No. 2328-No. 2, Scott seam, unscreened coal over picking belt, from
open car loading at tipple.

The samples were taken as the coal was loaded to the cars. The
writer was unable to wait till the cars were filled, but each sample covered
what was considered to be a representative part of the car load.

As was found to be the case in many Nova Scotia collieries, the bulk
of the output of this company is disposed of to the railways. This is
mainly unscreened. Some coal is screened over -41-inch, principally for
local consumption, while the slack is used for power-raising. All the coal
is sent over a picking belt.

Acadia Coal Co., Ltd. (British Empire Steel Corporation) Stellarton.
Allan Shaft Colliery, Stellarton.
No. 2325-Unscreened coal, over picking belt, from two loaded open

cars on siding.
The bulk of this coal comes from the Foord seam, though a little of it

is from the Third seam.
Albion Colliery, Stellarton, Albion and Acadia No. 1 Mines.
Albion Mine, Foord seam.
No. 2334-From No. 3 pillar, southwest balance, east incline off'

Cage seam.
Channel cut across upper 10 feet of 40-foot seam.
No. 2333-From No. 2 pillar, southwest balance, east incline off

Cage seam.
84378-21
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Channel cut across upper 8 feet of lower 12 feet of 40-foot seam. A 
little parting removed from saraple. 

Albion Mine, Cage seam. 
No. 2332—From No. 1 pillar off No. 6 level, northwest balance, 900 

feet northeast of slope. 
Channel cut across lower 10 feet of 14-foot seam. A rock intrusion 

was left out. 
Albion Mine, Third seam. 
No. 2331—From east sinking off No. 6 level, 800 feet east of slope, 

3,700 feet down slope, 300 feet from slope bottom. 
Channel cut across upper 8 feet of 12-foot seam. A few pieces of 

rock discarded. 
Acadia No. 1 Mine, Acadia No. 1: seam. 
No. 2335—From No. 5, main (2 700-foot) level, 1,400 feet west of 

slope. 
'Channel cut aeross the 8-foot seam. . 
No. 2330—Average of output of Albion bankhead, unscreened coal, 

over picking belt, from open car onsiding. 
This average is, composed of about 9 parts of Acadia No. 1, 7 of Foord, 

7 of Cage, 1 of Third seam. 
The output of both the Allan Shaft, and Albion collieries is disposed of 

very largely unscreened; this goes principally to the railway. A con-
siderable amount of coal is sold locally for domestic use, and this is screened 
into the four sizes, lump, egg, chestnut; and culm. All coal is sent over 
picking belts. 

Acadia No. 3 Colliery, Thorburn, Old Vale or Greener seam. 
No. 2323—From. No. 1 slant off No. 3 level, west side of slope, 2,500 

feet from slope to top of .slant, 150 feet down slant, 300 feet west of slant. 
Channel cut across longwall face of 50-inch seam, including a little 

scattered bone coal. This bone occurs irregularly throughout the seam, 
so that the sample may be either a little better or a little worse than the 
average of the seam. 

No. 2324—Unscreened coal, over picking belt, from open car loading 
at tipple. 

The output of this colliery is entirely unsçreened coal, over picking 
belt, all of which is consumed by the railway. 
Inverness Area 
• 	 Only two samples, one from each of the mines operating at Inverness, 
were taken in this area. A miners' strike had been called at Sydney and 
conditions at 'Inverness were threatening, so that the writer had no oppor-
tunity to take sa.mples underground. 
tnverness Railway and Coal Co., Inverness 	• 

No. 1 Mine, No. 1 seam. 
N.  2336—Sample taken across face of seam under direction of mine 

manager. Sample consisted of lumps of coal (weight about 10 lbs.  in all) 
removed at intervals across the seam. Smalls, fines and partings were 
excluded, so that the sample is probably better than run-of-mine 
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. 	The company has coke ovens and, a steel plant at Sydney Mines, but 
the ovens had ceased operating and the  steel plant  had been running at 
less than full capacity since the merger with the Dominion .Iron & Steel 
Company. Half the total output of the mines used to be consiimed by the 
steel plant. 

Dominion Coal Co., Ltd. (British Empire  Steel  Corporation) Glace Bay. 
Conditions at Glace Bay were a little more favourable for taking 

samples underground than at Sydney Mines. They were not however 
satisfactory. At four of the collieries the managers took the mine samples, 
and, from information gathered, the writer considers that they were 
carefully taken, and fairly represent the part of the seam sampled. They 
were, however, rather smaller than was desirable. 

Dominion No. 22 Colliery; Birch Grove, Gowrie seam. 
No. 2347—From No. 5 room, No. 7  deep, No. 4 east level.' 

. No. 2348—From No. 6 room, No. 3 headway, No. 4 east level. 
For the above two samples channels were cut across the 5-foot seam 

by the colliery manager. The samples averaged about 6 lbs. each. At 
the time of sampling practically all mining operations were carried out in 
No. 4 east level. 

No. 2346—Over kinch round screen and picking belt, grab sainple 
from discharge end .of belt. 

Dominion No. 11 Colliery, Caledonia Junction, Emery seam. 
No. 2352—From No. 1 room, .No. 1 headway off No. 5 east level. 
No. 2353—From. No. 1 roona, No. 5 headway off No. 4 west level. 
The above samples, of about 10 lbs. each, were taken from the 4-foot 

5-inch seam by the colliery Manager. 
. No. 2354—Over 11-inch screen and picking belt, from partly loaded 

open car.' 
Dominion No. 12 Colliery, New Watelord, Victoria seam. 
No. 2355H-From No. 6 West level, west landing, 200 feet from slope, 

3,500 feet down slope. 
After stripping 2 to 4 inches from face, cut channel across 5-foot 

seam. One piece of shale was picked out from sample, which was taken 
from the side  of a tunnel cut five years ago: 

No. 2356—Unscreened coal, over picking belt, grab sample from 
underneath car dumped at tipple. 

Dominion No. 16 Colliery, New Waterford, Linen seam. 
. No. 2357—From No. 7 landing, 5,400 feet from the surface. 

Sample taken by colliery manager froin 5-foot 6-inch seam. 
No. 2358--TJnscreened coal, over piCking belt, grab sample from a 

small pile in the celliery yard, consisting of slack with a few large lumps. 
Dominion No. 4 Colliery, Caledonia, Phalen seam. 
No. 2350From east side of east deep, No. 16 east level, 10,400 feet 

from shaft. ,  
No. 2351—From:west side of east deep, in main deep, 12,000 feet from 

shaft. 



21

The above two samples, of about 8 lbs. each, were taken from the
6-foot 11-inch seam by the colliery manager.

No. 2349-Unscreened coal, over picking belt, from open car partly
loaded at tipple.

Dominion No. 2 Colliery, New Aberdeen, Phalen seam.
No. 2359-From No. 5 room, No. 4 south off No. 1 north deep, about

1 mile from the shaft and near the centre of workings.
Channel cut across 7-foot seam. Sample cut in half on the tarpaulin

in the mine.
No. 2360-Unscreened coal, over picking belt, grab sample from

discharge end of belt.
The distribution centre for all these collieries is at No. 2 colliery, New

Aberdeen. Here there is a large mixing floor and storage pile, which at
the time of the survey contained 400,000 tons. A considerable amount of
the output is consumed by the allied Dominion Iron and Steel Company
at Sydney, principally in the coke ovens. The greater portion of the output
comes on to the general market, very largely by water as the company
operates the railway between Sydney and Louisburg, which are respectively
summer and winter ports.

Arrangements were made with Mr. C. E. Wallin, superintendènt of
the coke ovens plant at Sydney, to obtain representative samples of the
Dominion slack coal and of the coké produced from it. These were taken
as soon as operations were fully under way following the strike, and are as
follows:-

No. 2383-Raw coal from day's run of August 13.
No. 2384-Coal as above coming from Baum washer.
No. 2385-Coke made from above washed coal.

ANALYSES OF SAMPLES
The chemical analyses of the coal samples above described are shown

in the following tables. They were carried out by different members. of
the staff of the Fuel Testing Laboratories. The proximate analyses
were made by C. B. Mohr and J. W. McKinney, and the calorific values
were determined by G. B. Frost. The special large scale laboratory
coking tests were made by Harold Kohl, and the fusibility of ash deter-
minations by J. W. McKinney.

The large scale laboratory coking tests were made in a large melter's
furnace, using 12 pounds of coal in each case. Coal crushed in a coffee
mill was slightly moistened and charged into a covered graphite crucible.
The crucible and contents were placed in the furnace, which had been
previously heated to near the coking temperature, and about three hours
allowed for coking. The temperature of coking was approxixnately 1,000°
Centigrade (1,830°F.). Most of the original survey samples were coked
on both the large and small laboratory scales, and the coking properties
tabulated have in such cases been judged from both of these.

For fusibility determinations the finely ground ash was moulded into
a standard size cone with a 10 per cent solution of dextrin, and gradually
heated in a No. 3 melter's furnace, according to the official methôd of the
U.S. Bureau of Mines.' "I.D." in the tables denotes Initial Deformation,
the temperature at which the tip of the cone first showed signs of bending;
"Softening," the temperature at which the ash was melted into a spherical

1 Bulletin No. 200-rusibility of Ash from Coals of the United States. Selvig and Fieldner.
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lump; "Fluid," the teuiperature at which the asll cone had entirely flattened.
For practical purposes the intermediate temperature is usua113i considered
as the fusion point, and is therefore shown on both the Centigrade and
Fahrenheit scales. The I. D. and Fluid temperatures are indicated by tile
number of degrees Centigrade that separate them from the softening
temperature. .

NEW BRUNSWICK

Minto (Grand Lake) Area

M i
Analysis, dry basis

No. Description,
o s-

ture, Vola-
as Ash tile Fixed Fuel Sul- Nitro.

rec'd. matter carbon ratio phur, gen

2289 Minto Côa1 Co., S. Minto-mine........ ' 1•1• 15•5 32•1 '52•4 1•65. 0•0 0•7
2288 Minto Coal Co., S. Minto=tipple........ 1•0 18•5' 30•5 51•0 1•05 7.4 ......
2291 Welton & Henderson, S. Minto-mine... 1•1 15•3 31•3 53•4 1•70 7•4 ......
2290 Welton & Henderson, S. Minto-tipple.. 1•1 18•9 30•1 51•0 1•70 8•4 ......
2298 H. & W. ZVeltoh, S. Minto-tipple..:.... 1•1 15•5 31•2 , 53•3 1•70 . 5•7 ......
2299 H. & W. Welton, S. Minto-slack....... 2•0 18•7 30•8 50^5 1•65 6.2 . ......
2301 Rothwell Coal Co., S. Minto-mine.... 1•2 16'•6 31•3 55•1 1•75 7•5 ....'..
2300 Rothivell Coal Co., S. Minto..-tipple.. 1•0 14•8 31•8 ' 53•4 1•70 7•3 ......
2293 Miramiohi Lumber Co., N. 11liuto- .

upper seam ......................... 0•8 10.8 32.7 50e5 1.75 6•0 ......
2294 11iiramichï Lumber Cô.=lower seam... • 0,7 23.4 29.8 40•8 1•55 9•0 ......
2292 Miramichi Lumber Co., N. Minto-

tipple ............... :............ 1•0 20•3 29•9 49•8 1•65 7.1 ..... .
2296 Minto Coal Co., N. Minto-upper seam 1•0 12.0 33•1 54•0 1•65 0•2

.
......

2297 Minto Coal Co., N. Minto-lower seam 0•8 10•4 32•3 51•3 1•00 7•7 ..
2295 Minto Coal Co., N. Mint;o-tipple..... 1.2 20.7 29.9 49•4 1•05 7•3 0•8
2402 Avon Coal Co., S. Minto-upper scam. 1•3 18•1 30•5 ^51,4 1•70 11•3 ......
2400 Avon Coal Co., S. Minto-lower seam. 1•1 10•3 30-8 52.9 1•70

.

10•1 ......
2401 Avon Coal Co., S. Minto-tipple........ 1-1. 13•7 32.3 54•0 1.65 6•7 ......
2403 McDougal Bros., S. Minto .......... :... 1-4 10•5 31•0 49.5 1.60 6•3 ......
2541 McPherson's mine, Coal ereek..:....... , 0.8 .13•7 35•1 51.2 1•45 7•9 ......
2542 From Eighteen creek, S.W. of Minto.. 1•1 ` 10•5 , 32•2 57•3 1•75 2.5 ......
2543l From Eighteen creek, S.W. of Minto.... 1•4 5•8 33•8- 00•4 1•80 2•0 ......

Calorific value
dry basis

No. Calories
per grill.,

gross

B. ,T. U.
per lb:,
gross

2230
'2288
2291
2290
2298
2299
2301
2300
'2293-
.2204_
2292
2296
2297
2205
2402
2400
2401
2403
2541
•2542
2543

7,080
.

7,010
6,610

7,210

7,340
6,990
6,550
6,660
6,890
7,240
6,680
7,220
7,470
7,870

12,740

12,610
11,000

12,980

13,200
12,580
11,790
11,980
12,400
13,030
12,020
12,990
13,440
14,170

Coking properties

Fair to good .............:
Fair to goôd ..............
Fair to goocl :............
Gooil........ ,...... ........
Fâir to good ..............
Fair to good ...... ... . . .. . .
Fair to good ...........:..
Fair to good...............
Fair to good ..............
Fair... . ..................
Fair tô good .. . . . . . . . . . . . .
Fair ...... ...............
Poor ......................
Fair to good..............
Good .....................
Good .....................
Good .....................
Good .....................
Good .....................
Good .....................
Good .....................

I.D.

-25'C.
-20°C.
-25'C.
-20°C.
-20°C.
-20°C.
-40°C.
-30°C.
-15°C.
-20°C.
=20°C.
-20°C.
-25°C.
-20°C.

. Fusihility of ash

Softening

1,120°C.^ 2,050°F.
1,110°Ç. 2, 030°F.
1,130°C. 2,00û F.
1,135°C. 2,075'F.
1,110°C. . 2,030°F.
1,120°C. 2, 050°F.
1,140°C. 2,080°F'.
1,135°C. 2,075'F.
1,115°C. 2, 040°F.
1,135°C. 2,075°F.
1,110°C. 2, 030°F.
1,115°C. . 2,040°F.
1,120°C. .2,050°F.
1,120°C. 2,050°F.

, Fluid

+50°C.
-I-40°C.
+25'C.
-I-35°C.
-}-00°C.
-{-50°C.
-}-20°C.
-}-25°C.
-f-30°C.
-I-05°C.
-I-00°C.
+30°C.
-f-25°C.
-I-55°C.



2,190°F. 1,200°C. 

1,170°C. 2,140°F. 

2308 

2309 

2310 

2311 

2312 

2313 

2315 
2314 

3.6 

3.4 

4.1 

4.3 

2.6 

2.7 
3.7 

3.0 

13.3 

21.3 

13.7 

17.8 

13.7 

19.2 
16.8 

20.7 

35.7 

33.5 

36.8 

36.2 

37.7 

35.0 
35.9 

35.1 

51.0 

45.2 

49.5 

46.0 

48.6 

45.8 
47.3 

44.2 

1.45 

1•35 

1.35 

1.25 

1.30 

1.30 
1.30 

1.25 

5.5 

6.6 

6.7 

5.9 

6.1 

6.6 
7.4 

7.7 

1.4 

1.2. 
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NEW BRUNSWICK 

Gloucester Area 

Analysis,  dry  basis 
No. Moisture, 

as 
received 

Description 

Ash Sulphur Fuel 
ratio 

Fixed 
carbon 

Volatile 
matter 

Caraquetr-Prospect 	  
Caraquet-Mine 	  
Caraquet-Mine 	  
Caraquet-Mine 	  

2485 
2599 
2600 
2601 

5.8 
7.6 
7.0 
7.4 

16.9 
22.9 
12.2 
11.7 

37.1 
34.8 
39.1 
39.5 

46.0 
42.3 
48 •7 
48.8 

1.25 
1.20 
1.25 
1.25 

10.8 
11.5 
6.2 
6.3 

2485 
2599 
2600 
2601 

No. 
Softening 

Calories 
per grm., 

gross 

6,280 
5,840 
7,000 
7,090 

B. T. U. 
per lb., 
gross 

11,300 
10,520 
12,600 
12,760 

Coking properties 

Poor 	  
Poor 	  
Fair 	  
Fair 	  

I.D. 

-120°C. 

-15°C. 

Fluid 

+50°C. 

+10°C. 

Fusibility of ash Calorific value, 
dry basis 

NOVA SCOTIA 

Joggins-Chignecto Area 

Analysis, dry basis Mois-
ture, 

as 
rec'd Ash 

Vola- 
tile 

matter 
Fixed 
carbon 

Fuel 
ratio 

Sul- 
phur 

Nitro- 
gen 

No. Description 

River Hebert Coal Co., River Hebert- 
mine 	  

River Hebert Coal Co., River Hebert- 
tipple 	  

Maritime Coal Railway & Power Co , 
Ltd., Beech Grove mine, River 
Hebert-mine  

	

Maritime Coal Railway & Power Co 	, 
Ltd., Beech Grove mine, River 
Hebert-tipple 	  

Minudie Coal Co., Ltd., River Hebert- 
mine 	  

Minudie Coal Co., Ltd., River Hebert- 
tipple 	  

Fundy Coal Co., Ltd., Joggins-mine 	 
Fundy Coal Co., Ltd., Joggins- 

tipple 	  



6,700 

6,500 

6,770 
6,240 
6,300 

12,060 

11,700 

12,190 
11,240 
11,350 

1.8 

2.4 

Fuel 
ratio 

232,1'.; 

2321A 
5.6 

1.1 

21.41 	11.5 

16.5 	20.0 

5.85 

3.20 

11,600 

11,260 

67.1 

63.5 

1.7 

6.9 

6,440 

6,250 
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NOVA SCOTIA 

Joggins -Chignecto Area-concluded 

No. 

I.D. 

Calorific value, 
dry basis 

Calories 33. T. U. 
per grm., per lb., 

gross 	gross 

Fusibility of ash 

SOf telliag 

. Coking properties 

Fluid 

2308 
2309 
2310 
2311 
2312 
2313 
2315 
2314 

Fair to good 	  
Fair to good 	  
Fair 	  
Fair to good 	  
Fair to good 	  
Fair to good 	  
Fair 	  
Fair to good 	  

-20°C. 1,100°C. 2,010°F. 	+30°C. 
-15°C. 1,135°C. 2,070°F. 	+30°C. 
-25°C. 1,105°C. 2,020°F. 	+85°C. 
-25°C. 1,140°C.  2,080°F. 	+20°C. 
-40°C. 1,120°C. 2,050°F. 	+35°C. 
-35°C. 1,125°C. 2,060°F. 	+65°C. 
-60°C. 1,140°C. 2,080°F. 	+35°C. 
-25°C. 1,150°C. 2,100°F. 	+65°C. 

Springhill Area 

Analysis, dry basis 
Mois-
ture, 

as 
rec'd. 

Vola- 
tile 

matter 

Fixed 
carbon 

Fuel 
ratio 

Sul- 
phur 

Nitro- 
gen 

No Description 
Ash 

Cumberland Railway & Coal Co., Ltd., 
Springhill, No. 2 mine-mine 	 

	

Cumberland Railway,& Coal Co., Ltd 	, 
Springhill, No. 2 mine-tipple.. 	 

	

Cumberland Railway & Coal Co., Ltd 	, 
Springhill, No. 6 mine-mine 	 

	

Cumberland Railway & Coal Co., Ltd 	, 
Springhill, No. 6 mine-tipple. 	 

2316 

2317 

2318 

2319 

2.6 

2.4 

3.1 

4.1 

8.1 

11.0 

8.0 

13.2 

31.1 

30.2 

33.4 

. 32.3 

60.8 

58.8 

58.6 

54.5 

1.95 

1.95 

1.75 

1.70 

1 •6 

1.6 

1•6 

2.1 

Calorific value, 
dry basis Fusibility of ash 

2316 
2317 
2318 
2319 

No. 
I.D. 

--50°C. 
-80°C 
-50°C. 
-50°C. 

Softening 
Calories 

per grm., 
gross 

7,660 
7,410 
7,520 

B. T. U. 
per lb., 
gross 

13,700 
13,340 
13,540 

Coking properties 

Fair to good 	  
Good 	  
Good 	  
Fair 	  

1,240°C. 
1,275°C. 
1,210°C. 
1,195°C. 

2,265°F. 
2,325°F. 
2,210°F. 
2,185°F. 

Fluid 

+40°C. 

+65°C. 
+85°C. 

Colchester Area 

Analysis, dry basis 

• No. 

Mois- 
taré, 

as Ash Fixed 
carbon 

Calorific value 

Calories 
per 

grm., 
gross 

Description Volatile 
matter Sulphur B.T.U. 

per lb., 
gross 

From near Rivers-
dale-lump  • 

From near Rivers-
dale-slack 	 
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NOVA SCOTIA

Pictou Area

Mois- Analysis, dry basis

No. Description
ture,
as Vola Fixed Fuel Sul- Nitro-

rec'd.
Ash tile

matter
carbon ratio phur gen

2327 Intercolonial Coal Mg. Co., Westville,
Main-mine ........................ 2•1 10•8 26-9 62-3 2-30 0•8 2-1

2326 Intercolonial Coal Mg. Co., Westville,
Scott-mine ........................ 2-3 20•9 25•8 53•3 2•05 1•0 1•7

2329 Intercolonial Coal Mg. Co., Westville,
Main-tipple ........................ 1•8 14-6 26-5 58•9 2•20 0•8 ......

2328 Intercolonial Coal Mg. Co., Westville,
Scott-tipple ....................... 2•3 22•6 26•2 51•2 1•95 1•3

.

......
2328 Intercolonial Coal Mg. Co., Westville,
-9 Main and Scott-tipple ............. 2-1 20•3 26-3 53•4 2•05 1•1 ......

2325 Acadia Coal Co., Stellarton, Allan
Shaft-tipple ....................... 1•8 13•5 30•1 56•4 1•85 0.9 ......

2334 Acadia Coal Co., Stellarton, Albion-
Foord seam ........................ 2-3 13-9 31•8 54•3 1-70 0-6 ......

2333 Acadia Coal Co., Albion-Foord seam. 2-2 13•1 30•3 56•6 1•85 1•1 2-3
2332 Acadia Coal Co., Albion-Cage seam. 2•1 10-0 28•2 61•8 2-20 1-2 2•1
2331 Acadia Coal Co., Albion-Thirdseam. 1-8 12•1 28-9 59-0 2-05 1-2 1-8
2335 Acadia Coal Co.-Acadia No. 1 seam... 1-2 12•9 28-7 58•4 2•05 3•1* 1-7
2330 Acadia Coal Co., Albion bankhead-

tipple ................. . ............. 2-4 12-2 30-2 57-6 1•90 0•8 ......

2323 Acadia No. 3 Colliery, Thorburn, Vale
or Greener eeam-mino ............. 2•7 12•2 31•7 56•1 1-75 1•1 1•8

2324 Acadia No. 3 Colliery, Thorburn, Vale
or Greener seam-tipple............ 2•6 12-8 31-6 55•6 1•75 1•1 ......

*According to the analysis of No. 2330, the average output of Albion bankhead, and to that of a
similar sample subsequently received by the Dominion Fuel Board, this sulphur content seems
higher than the average.

Calorific value,
dry basis

No.

2327
2326
2329
2328

2328-9
2325
2334
2333

2332
2331
2335
2330
2323
2324

Calories
per grm.,

gross

7,510
6,490
7,160
6,300
6,550

7,160

7,490
7,330
7,160
7,170
7,210

B. T. U.
per lb.,
gross

13,520
11,690
12,890
11,340
11,790

12,880

13,480
13,200
12,890
12,900
12,980

Coking properties

Good .....................
Poor ......................
Good .....................
Poor ......................
..........................
Fair ......................
Poor to fair ...............
Poor to fair ...............

Good. ... ............. ...
Fair to good ...............
Good .....................
Poor ......................
Fair ......................
Poor ......................

I.D.

-50°C.
-65°C.
-35°C.
-25°C.
-85°C.
-60°C.
-30°C.

-100°C.

1,370°C.
-70°C.
-40°C.
-80°C.
-50°C.
-35°C.

Fusibility of ash

Softening

1,315°C.
1,440°C.
12240°C.
1,260°C.
1, 255°C.
1, 345°C.
1,145°C.
1,260°C.
Above
1,470°C.
1, 345°C.
1,330°C.
1, 235°C.
1,305°C.
1,310°C.

2,400°F.
2,625°F.
2,265°F.
2,300°F.
2,290°F.
2,450°F.
2,095°F.
2,300°F.
Above
2,680°F.
2,450°F.
2,425°F.
2,255°F.
2,380°F.
2,390°F.

Fluid

-{-80°C.
-}-65°C.
-{-65°C.
-}-70°C.
-{-70°C.
+90°C.



Calorific value, 
dry baùs. 

Calories 
per grm., 

gross 

Fusibility of ash 

Softening 

No. 
B. T. U. 
per lb., 
gross 

I.D. Fluid 

Coking properties 

Poor. 	  
Non-coking 	  

1,145°C. 
1,170°C. 

2,095°F. 
2,140°F. +40°C. -110°C . 

2336 
2337 

Fuel 
ratio 

2336 

2337 
4.3 

9.9 

9.2 

12.8 

40.9 

39.8 

49.9 

47.4 

1.20 

1.20 

5.7 

7.8 
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NOVA SCOTIA 

Inverness Area 

.Analysis, dry basis 

Description 
Ash 

Inverness Raihvay & Coal Co., Inver- 
ness, No. 1 seam-mine 	 

Inverness Railway & Coal Co., Inver- 
ness, No. 4 seam-tipple 	 

Sydney Area 

No. 
Mois-
ture, 

as 
rec'd. 

Vola- 
tile 

matter 

Fixed 
carbon 

Sul- 
phur 

	

Mois-, 	 Analysis, dry basis 

No. 	 Description 	 turc, 	Vola- 
as 	Ash 	tile . 	Fixed 	Fuel 	Sul- Nitro- 

	

ree'd 	matter 	carbon ratio 	phur 	gen 

2339 N.S. Steel & Coal Co., Ltd., Jubilee, 
Indian Cove seam-tipple. 	3.0 	8.4 	36.1 	55.5 	P55 	4.6 	1.4 

2338 N.S. Steel & Coal Co., Ltd., Jubilee, 
Toronto seam-tipple 	2.9 	13.3 	37.2 	49.5 	P35 	6.8 	1.4 

2340 N.S. Steel & Coal Co., Ltd., Alexandra, 
Lloyd's Cove seam-tipple.  	6.1 	9.4 	36.9 	53.7 	1.45 	5.6 	P3 

2342 N.S. Steel es Coal Co., Ltd., Princess, 
. 	Main seam-tipple 	2.2 	7.0 	37.3 	54.8 	1.45 	2.0 	1.5 

2343 N.S. Steel & Coal Co., Ltd., 	Florence, 
Main seam-grab 	4•6 	7.3 	37.7 	55.0 	1.45 	2.4 	 

2341 N.S. Steel & Coal Co., Ltd., Princess 
&.., Florence-grab 	2.9 	8.7 	36.9 	54.4 	P45 	2.2 	 

2347 Dominion No. 22, Gowrie-mine.  	3.4 	5.5 	36.7 	57.8 	1.55 	2.1 	 
2348 Dominion No. 22, Gowrie-mine 	3.2 	7.4 	36.2 	56.4 	1.55 	3.1 	1.2 
2346 Dominion No. 22, Gowrie-grab 	3.1 	11.1 	35.0 	53.9 	1.55 	3.7 	...... 
2352 Dominion No. 11, Emery-mine 	2.6 	3.8 	36.8 	59•4 	P60 	P7 	P5 
2353 Dominion No. 11, Emery-mine 	2.2 	10.5 	35.9 	53.6 	P50 	2.2 	 
2354 Dominion No. 11, Emery-tipple 	2.3 	10.6 	34.6 	54•8 	1.60 	2.3 	 
2355 Dominion No. 12, Victoria-mine 	3.7 	5.9 	38.9 	55.2 	1.40 	36° 	P6 
2356 Dominion No. 12, Victoria-grab 	2.0 	5•3 	37.6 	57.1 	1.50 	2.2 	 
2357 Dominion No. 16, Lingan-mine 	3.0 	5.6 	33.5 	60.9 	P80 	2.2 	1.5 
2358 Dominion No. 16, Lingan-grab.  	2.7 	6.4 	34.1 	59.5 	P75 	3.2 	 
2350 Dominion No. 4, Phalen-mine 	P5 	9 •4 	33.8 	56.8 	1.70 	4.9 	 
2351 Dominion No. 4, Phalen-mine 	1.8 	6.5 	35.1 	58.4 	1.65 	2.8 	I.4 
2349 Dominion No. 4, Phalen-tipple 	F5 	9.1 	34.8 	56.1 	1.60 	4.6 	 
2359 Dominion No. 2, Phalen-mine 	P7 	6.8 	33.1 	60.1 	P80 	2.3 	 
2360 Dominion No. 2, Phalen-grab 	P4 	10.0 	33.6 	56.4 	1.65 	4.2 	 
2383 Dominion-slack 	3.1 	8 •3 	34.6 	. 57.1 	1.65 	2.7 	 
2384 Dominion-slack, washed 	3•6 	5.1 	35-6 	59.3 	P65 	2.0 	 
2385 Coke from washed slack.. 	0.2 	6.4 	0.9 	92.7 	98.5 	P7 	 

nshis value is almost double the normal sulphur content of Victoria coal. 
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NOVA SCOTIA

Sydney Area-concluded

No.

2339
2338
2340
2342
2343
2341
2347
2348
2346
2352
2353
2354
2355
2356
2357
2358
2350
2351
2349
2359
2360
2383
2384
2385

Calorific value,
dry basis

Calories
per grm.,

gross

B.T.U.
per lb.,
gross

7,370
6,880
6,960
7,610

7,720
7,600
7,200
8,070
7,510

7,630

7,790

7,850

7,820
7,600
7,620
7,920
7,300

13,270
12,390
12,530
13,690

13,890
13,680
12,950
14,530
13,510

i3,13,740

14,020

14,130

14,090
13,680
13,720
14,250
13,140

Coking properties

Fair ......................
Fair ......................
Poor to fair ...............
Good .....................
Fair to good ... . . . . . . . . . . .
Good .....................
Good .....................
Fair ......................
Good .....................
Good .....................
Good . . ...................
Good .....................
Fair to good ..............
Fair to good ..............
Good .....................
Good .....................
Fair ......................
Good...... ...... .........
Fair to good ..............
Fair to good ..............
Fair to good ..............
Good .....................
Good .....................
..........................

I.D.

-60°C.
-25°C.
-40°C.
-65°C.
-30°C.

-130°C.
-50°C.
-60°C.
-45°C.
-45°C.
-60°C.
-80°C.
-50°C.
-50°C.
-60°C.
-30°C.
-50°C.
-55°C.
-25°C.
-50°C.
-25°C.
-55°C.
-45°C.
-40°C.

Fusibility of ash

Softening

1,145°C.
1,120°C.
1,130°C.
1,190°C.
1,135°C.
1,240°C.
1,170°C.
1,135°C.
1,160°C.
1,140°C.
1, 215°C.
1,220°C.
1,135°C.
1,115°C.
11135°C.
10085°C.
1,090°C.
1,160°C.
1, 085°C.
1,140°C.
1, 085°C.
1,150°C.
1,150°C.
1,155°C.

2,090°F.
2,050°F.
2,065°F.
2,175°F.
2,075°F.
2,265°F.
2,140°F.
2,075°F.
2,120°F.
2,085°F.
2,220°F.
2,225°F.
2,075°F.
2,040°F.
2,075°F.
1,985°F.
1,995°F.
2,120°F.
1,985°F.
2,085°F.
1,985°F.
2,090°F.
2,O90°F.
2,100°F.

Fluid

-{-65°C.
-I-60°C.
-{-55°C.
-i-85°C.
-{-65°C.

-I-100°C.
-}-110°C.

-{-90°C.
-}-70°C.
-{-45°C.
-{-50°C.
-{-30°C.
-{-60°C.
-}-50°C.
-I-50°C.
-I-35°C.
-I-70°C.
-{-40°C.

-}-100°C.
-{-95°C.
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A STUDY OF THE NATURE OF SULPHUR IN COAL AND COKE 
FROM THE MARITIME PROVINCES 

J. H. H. NicolIs 

The preceding paper describes a survey of the coal fields of the Maritime 
Provinces, and contains tables of analyses of the samples collected. If the 
analyses are  compared with those of other Canadian coals it will at once 
be evident that, as a general rule, the coals of New Brunswick and Nova 
Scotia contain a higher percentage of sulphur than those from any other 
part of the Dominion. They have therefore been selected as the most 
suitable Canadian coals for a study of the various forms of coal sulphur. 

One of the principal reasons for the survey was the deterxnination 
of the coking properties of the coals as a guide to the Dominion Fuel Board 
in preparing for their subsequent commercial scale tests on the production 
of household coke from Canadian coal. It is essential that the sulphur 
in metallurgical coke be low, and even with household coke there is a limit 
above which it is undesirable, so that the question of the sulphur in coal, 
and more particularly of that in the coke produced from it, is of consider-
able import. This is particularly true in dealing with the Maritime Pro-
vinces, which produce 50 per cent to 60 per cent of the coking coal mined in 
Canada, the remainder coming from the extreme west, where the country 
is thinly populated, and where there is little industrial development as 
compared with that in Ontario and Quebec. 

In this paper attention has been principally directed to the sulphur in 
coal, since

' 
 as will be shown later, the amount of sulphur in a coke is chiefly 

dependent upon the total quantity of sulphur in the coal from which it was 
made. There is however no reason why, in many cases, some of the 
sulphur in coal should not be removed before coking. Coal sulphur may 
be primarily divided into two groups, namely organic and inorganic, which, 
as will be shown later, may again be sub-divided. Organic sulphur forms 
part of the coal proper, and probably originated in the vegetable and 
animal substances from which the coal was metamorphosed. • It cannot 
be removed by any processes of mechanical separation as it is comparatively 
evenly distributed among the coal constituents. This was shownby Wheeler 
and Clark', who eraployed pyridine and chloroform to separate coal into two 
forms of cellulosic compound and one resinic compound, and found about the 
same amount of sulphur in each case. On the other hand the inorganic 
sulphur cannot be considered to form part of the coal proper. It consists 
mainly of iron pyrites or marcasite, and has been probably formed from the 
interaction of the iron of the mineral matter in the coal with percolating 
water containing hydrogen sulphide; it may also have been formed by 
some combination of iron with the organic sulphur. A large percentage of 
it can be removed by such a mechanical separation as washing. 

In the course of investigations carried out at Urbana, Ill., with several 
coals from various parts of the United States, Yancey2  and his respective 
colleagues, Parr and Fraser, have shown that, although in comparing various 

1  Jour.  Chem. Soc.-103, 1704-1913. 
2  Sour. Ind. Eng. Chem., 13, 1, 35-1921, 16, 5, 501-1024. 
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coal deposits it may be stated that high inorganic is generally accompanied 
by high organic sulphur, the same condition does not hold good throughout 
any particular coal bed. They have clearly shown that although the organic 
sulphur varies very little throughout a bed, the inorganic is continually 
altering. Most of the pyritic sulphur occurs as crystals segregated in 
lumps or nodules, which are readily removable by washing, while a certain 
amount occurs as finely disseminated microscopic globules distributed 
throughout the coal. By means of float and sink solutions Yancey and 
Parr have estimated this finely disseminated sulphur, and have proved 
by a further series of tests that this, together with the organic sulphur, 
cannot be removed by coal washing. 

Pyrites has recently been given consideration by Graham as a cause 
of spontaneous combustion. It was for many years judged to be the 
principal cause of this wastage of storage coal, but the theory has been 
modified or practically abandoned during recent years by various authori-
ties. Graham has covered quite thoroughly the question of spontaneous 
combustion in a recent journal article,' and has indicated that the theory 
which now seems generally accepted holds good. In other words the 
lower grade, or humic coals, with a high moisture and oxygen content, are 
more liable to spontaneous combustion than the higher grade coals when 
stored under similar conditions, and the higher grade a coal is the less 
liable it is to spontaneous combustion. Segregation of sizes, and unsuitable 
storage conditions prove a big factor in causing spontaneous combustion, 
whereas massive or lump pyrites has little or no effect. On the other 
hand, Graham has clearly demonstrated that finely disseminated pyrites 
is very liable to cause spontaneous combustion. Unfortunately the present 
undertaking does not include the determination of that form of pyrites, 
but it seems possible that some of the high sulphur coals from the Maritime 
Provinces may contain pyrites in a state of fine division, and therefore 
be liable to spontaneous combustion. 

To the best of the writer's knowledge, the only previous determin-
ation of the forms of sulphur in Nova Scotia coal was carried out in 1909, 
or thereabout, by M'Callum, of Halifax.2  He wished to follow the changes 
in organic sulphur throughout the coking process, and for this purpose 
selected "a typical Nova Scotia coking coal." This was probably one of the 
Sydney coals. M'Callum separated the coal into fractions by means of 
solutions of calcium chloride of different densities, and found that the 
sulphur in the lightest fraction was 85 per cent organic

' 
 whereas that in 

the heaviest fraction was over 60 per cent inorganic. He called all the 
sulphur "pyritic" that would combine with the total iron to form pyrites, 
and the difference between this and the total sulphur he called "organic." 
In other words, as he himself says, he assumed that no sulphates were 
present, and that the amount of iron combined as silicate was negligible. 
He coked the various fractions and determined the sulphur contents of the 
cokes, and frora the relations between these and the coal sulphurs determined 
the percentages of volatile.and fixed sulphur in the various fractions. The 
amount of volatile sulphur seemed to increase with the quantity of organic 
sulphur, but M'Callum's figures were irregular and indefinite, and indicate 
little beyond the fact that, contrary to a theory then largely accepted, the 
volatile sulphur is derived from the organic as well as the pyritic sulphur. 

1  Jour. Soc. Chem. Ind. —43, 14, 79T-1924. 
2  Chemical Engineer (U.S.)-11, 1, 27-1010. 
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The forms in which sulphur occurs in coal and coke have recently
been given intensive study by A. R. Powell, for several years on the staff
of the U.S. Bureau of Mines. In a bulletin published in collaboration
with Parr in 19191 he defined the principal forms in which sulphur occurs
in coal, and devised methods for their détermination. *T11ese methods
have not been appreciably altered during subsequent years, and have
been employed in . the present investigation. Powell was principally
interested in the correct determination of the foi•ms of inorganic sulphur,
more particularly pyritic (iron pyrites and'znarcasite), as the sulphate was
generally unimportant. He showed that the calculation of the pyritic
sulphur froin the total iron, evén after allowitince had been made for iron
sulphate, was liable to cause a serious error on account of the silicate iron
present. By means of experiments with various strengths and mixtures
of inorganic acids he gradually determined, by a process of elimination,
what strengths of acid would dissolve the various inorganic constituents.
Powell also expdsed coal to the action of various organic solvents, and
eventually deduced methods for determining the orgtinic sulphur forms.

The result of these investigations may be summed up in the following
list of sulphur forms in coal, with their solubilities.

Inorganic :
Sulphate-Soluble in 3 per 'cent hydrocliloric acid at 60° C.
Pyritic-Soluble in nitric acid (SP. Gr. 1- 12) at room temperatüre

(this also dissolves sulphate).
Organic: .'_

Resinie-Soluble in phénol.
Humic-Soluble in strong ammonia water after treatlnent with

resinic).

Generally speaking the sulphates in coal are of little.account, but Powell
showed that pyrites is oxidised tô iron sulphate on standing. This oxida-
tion is small as a general rule, but takes place in closed, as well its open,
vessels. Powell therefore concluded that bacteriâ.might assist oxidation,
and his experiments, while not . entirely confirmatory, certainly did not
disprove this theory. In an extreme case the sulphate sulphur in a coal
with 5 per cent total sulphur increàased in 2. years from 0.01 per cent to
1• 31 per cent, and that in a tightly stoppered flask. Therefore, in con-
sidering the sulphate in the samples analysed during the present investiga-
tion, it should be borne in mind that most of these had stood for, from 9
months to a year in a finely ground condition before being analysed for the
sulphur forms.

In connexion with the determination^of pyritic sulphur. Powell showed
that aqua regia, and to a certain extent concentrated nitric acid, attack
organic sulphur.. He also :proved.that attempts to increase the rate of
solution, either by boiling or exposing to a steam bath,. gave too high
results. His conclusion mas that."any. attempt• to hasten the process by
heat would result in the oxidation, of some.of the organic sulphur."

By means of analyses of coals and of.the cokes made from them Powell
endeàvoured to follow.each^ form of sulphur through the coking process.
His conclusions were interesting, but, as he has since somewhat modified
them, they will not be detailed here. He decided that the sulphur in

strong nitric acid (this also dissolves most 'of, if not all,

1 Univ. of Illinois Bull. No. 111-Vol. 16, No. 34-1910.
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laboratory coke was partly sulphide, while the remainder was probably 
in combination with carbon. This last was very resistant to strong acids, 
oxidising agents and heat, but readily gave up sulphur as hydrogen sul-
phide when treated with nascent hydrogen. 

Subsequently Powell' followed the sulphur of a variety of coals 
through all the stages of the coking process. Five-gramme samples of coal 
were heated to various temperatures in a small electric tube furnace in an 
atmosphere of carbon dioxide, and the products of distillation collected 
for the determination of sulphur. The coal sulphur was determined by 
the methods previously outlined, the sulphide sulphur in the coke by 
evolution as hydrogen sulphide, the sulphates from the residual solution 
in the evolution flask and the remaining coke sulphur calculated by differ-
ence. By this method of coking only the primary effects were obtained, 
and not the secondary effects due to the passage through the coke of the 
hot gaseous products of distillation. 

It was noted that between 400° and 500° C. pyrites and marcasite 
rapidly decomposed into ferrous sulphide and pyrrhotite, the latter ,a 
magnetic solution , of a small percentage of sulphur in ferrous sulphide, 
while the sulphur , set free was converted into hydrogen sulphide. Stil-
phates were reduced to sulphides at  500°C. or lower. Organic sulphur 
began to decompose to form hydrogen sulphide at 300°C., and its percentage 
in the coking mass continued to decrease according to the amount of 
pyritic sulphur in the coal. At about 400°C. the original organic sulphur 
was replaced by a very stable form of "organic" sulphur, which did not 
respond to the nitric acid plus ammonia  test for organic sulphur. With a 
coal containing a high percentage of inorganic sulphur the "organic" sulphur 
in the coke increased above 400°C. due to transference • of some inorganic 
sulphur to the "organic" form; with one composed almost entirely of organic 
sulphur the "organic" sulphur in the coke was found to decrease with rise of 
temperature, and in smile extreme cases sho-wed a tendency to form sul-
phide sulphur in the coke. In ether words, there appeared to be an equil-
ibrium bet-sveen the hydrogen sulphide evolved and the total sulphur in 
the coal, so that, in the absence of inorganic, organic sulphur  was  gradually 
decompesed. Powell therefore decided that the amount of sulphur in 
manufactured coke is more dependent upon the total sulphur in the coal 
from which it was made than upon the relative amounts of organic and 
inorganic sulphur in that coal. He further decided that the nature of the 
coal substance proper will largely determine the relation between its total 
sulphur and that in the coke produced from it, another principal cause 
being the composition and amount of circulation of the by-product gases 
through the coke oven. 

In a paper' following directly upon the previous one Powell described 
experiments carried out to determine the desulphurizing action of hydrogen 
on coke. It had been previously shown that the action of nascent hydrogen 
removed a considerable amount of sulphUr from finished coke, and Powell 
attempted to improve upon this by passing hydrogen through the tube 
during the coking process. He used the apparatus described in the pre-
vious paper, and heated to a final temperature of 1,000° C., which was 
maintained for some hours. He found that the passage of hydrogen, 
which wad more effective if slightly moistened, caused the complete decompo- 

Jour. Ind. Eng. Chem. 12, 11, 1069-1920. 
2 jour. Ind. Eng. Chem. 12, 11, 1077-1920. 

84379-3 
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sition of pyritic sulphur at 500°C., after which the "organic" sulphur remain-
ing was rapidly decomposed to form hydrogen sulphide. • It is upon the 
latter reaction that the whole desulphurization process is based, and Powell 
found that hydrogen would remove as much as 80 to 90 per cent of the coke 
sulphur after 3 hours at 1,000°C., and that without causing any deteriora-
tion in the coke. Steam had been suggested for the removal of sulphur 
and would be equally effective, though with the loss of Considerable of the 
carbon in the coke. Powell further demonstrated that gas containing 
50 per cent hydrogen, and of approximately the composition of lean oven 
gas, would effect a considerable xeduction of sulphur during the coking 
process, though its effect would not be greater than 50 to 75 per cent of that 
of hydrogen for a corresponding period of time. ,Prolonged treatment 
-would probably bring about as great a reduction of sulphur as that caused 
by hydrogen. 

Monkhouse and Cobb' in the course of investigations of the actions 
of various gases upon finished coke showed that nitrogen liberated very 
little sulphur even when a temperature of 1,000° C. was attained. Hydro-
gen liberated sulphur freely up to and at 800° until about 50 per cent was 
volatilised, after which the reaction slackened and was very prolonged. 
On heating to 900° the reaction again became rapid until at 1,000°C. 94 
per cent' Of the sulphur was removed from soft (500°C.) coke. Steam 
caused the same effect at 800°. With the higher temperature, or harder 
cokes, considerably less sulphur was removed -under similar conditions. 

Jolly and Wheeler' investigated the distribution of sulphur in the 
distillation products of coal Coked in a porcelain tube in a current of nitro-
gen. They divided the distillation into two parts, namely that below . 

 560°C., when little or no  hydrogen was evolved from the coal, and that 
from 560° to 1,000°C., when considerable hydrogen was evolved. They 
decided that most of the hydrogen sulphide was evolved below 560° when 
little hydrogen was present. Slow heating, such as would hold in coke 
oven practice, Caused very little increase of hydrogen sulphide evolved 
below 560°, from a coal high in organic sulphur, but increased the amount 
liberated from one containing a great deal of pyritic sulphur. They 
also showed that the addition of anthracite to a coking coal would furnish 
sufficient hydrogen to remove a large proportion of the sulphur during 
the coking process. 

Apart from Powell, no  other authority seems to have published more 
information regarding Sulphur and its reactions .when heated with carbon,. 
as a guide in coking practice

' 
 than Wibant of Amsterdam. In his earlier 

work, in Collaboration with Stoffela, he separated 30-mesh coal into twe 
fractions,  by means of a mixture of benzene and carbon tetrachloride 
(Sp. Gr.  1.3).  and obtained ahnost entirely organic sulphur in the lighter 
fraction. He determined sulphates by boiling the Coal with 10 per cent 
hydrochloric acid. The residnè from this determination waS calcined and 
then digested with strong hydrochloriC, after -which the iron in solution 
was determined. . This iron was considered to .be that combined as ferric 
sulphide and from it the pyrite and marcasite sulphur was calculated. 
The totai inorganiC sulphur was deterinined by treating the finely poWdered 
coal in suspension in -Water With successive, portions of bromine, belling' 

1 Trans. Inst. Gas. Eng.—I922. 
Gns World (Coking Seotion)—p. 11—May 3rd, 1924. 

3  Roc. Tray. Chim.-38, 132-1919. 
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and determining the total sulphur present as barium sulphate. This
method for inorganic sulphur gave comparatively satisfactory results,
though a small amount of organic sulphur was oxidised and a little of the
ferric sulphide resisted oxidation.

Comparatively recently Wibautl made a study of the behaviour of
carbon and sulphur when heated together. He heated carbon in, various
forms with sulphur in a combustion tube in a current of nitrogen to tempera-
tures averaging 900° to 1,000°C. There were two forms of sulphur pro-
duced in the residues, one of which was removed by highly heating in a
vacuum or by treating with oxidising agents, and was soluble to a certain
extent in toluene. This form Wibaut considered to be free sulphur absorbed
in the residue. The other form of sulphur was resistant to the treatments
just described, but was, in whatever tests were made, expelled by the
action of hydrogen at 800°C. Residues prepared from wood charcoal
contained a considerable amount of absorbed sulphur, those from sugar
charcoal purified by heating in a current of chlorine contained less of this
sulphur, while those prepared from sugar charcoal purified by heating in a
vacuum contained only the form of sulphur resistant to oxidising agents.
Wibaut described this form as a "physico-chemical complex," and decided
that the carbon and sulphur were chemically combined. Subsequent
work by Powell seems to have proved otherwise, in fact it seems as if most
of Wibaut's "complex" must have been "adsorbed free sulphur."

Powell has recentlyz made a study of the sulphur in coke and similar
substances by application of the phase rule to the composition of the
residue obtained by heating together sugar charcoal and sulphur and
to coke itself. He has demonstrated that the so-called carbon-sulphur
compound is a solid solution of sulphur in carbon, or that sulphur is held
by the carbon so as to be indistinguishable from a solid solution. This
form, together with adsorbed free sulphur, is present in the residue from
the reaction of sugar charcoal and sulphur. Coke made by rapid heating
in the laboratory contains in addition ferrous sulphide. Prolonged heating
causes the adsorbed sulphur to pass gradually into the solid solution. In
freshlv manufactured coke the adsorbed free sulphur is not present.

However it is almost impossible to prevent some oxidation during
the cooling of coke, and some of the ferrous sulphide is almost invariably
oxidised, between 500° and 300°C., to ferric oxide and sulphur. This
sulphur, which is only a small percentage of the total sulphur, represents
what is removable from finished oven coke by a current of hydrogen,
whereas the sulphur in coke prepared by rapid heating is largely in the
adsorbed form and is therefore readily removable. Because of the differ-
ence between the forms of sulphur, oven gas containing 50 per cent of
hydrogen, which removed a]arge percentage of the sulphur during a rapid
coking process in the laboratory, would only remove 20 per cent of the
sulphur when passed through a regulation oven during coking.

EXPERIMENTAL

The methods employed for the analyses of coals from the Maritime
Provinces are fully described in Powell's "Analysis of Sulphur Forms in
Coal " 3 and will not be given here in great detail. Only the inorganic forms
of sulphur, sulphate and pyritic, have been determined, and the total organic

1 Rec. Trav. Chim.--41, 153-1922.
"- Jour. Am. Chem. Soc.-4,5,1,1-1923.
3 U.S. Bur. of Mines, Tech. Pap. No. 254-1921.

84376-3z



34

sulphur has been taken to be the difference between the combined inorganic
and the total sulphur as determiined by Eschka's method. No difficulty
was experienced with these methods, and better check determinations
were made than with Eschka's method.

The methods are as follows:-
Sulphate-5 grammes of coal were treated in a 600 c.c. beaker with

300 c.c. of 3 per cent hydrochloric acid at a temperature of about 60°C.,
with occasional stirring. The temperature was maintained by standing
the beaker on top of a closed water bath. At the end of 40 hours the con-
tents of the beaker were filtered, and the sulphates precipitated from the
almost neutralised- filtrate by means of a 10 per cent solution of barium
chloride and determined as barium sulphate.

Pyritic-1 gramme of coal was treated in a 150 c.c. beaker with 80 c.c.
of nitric acid (Sp.. Gr. 1- 12). The contents of the beaker were stirred
occasionally, and filtered at the end of 24 hours. 2 c.c. of concentrated
hydrochloric' acid were added to the filtrate, which was then evaporatéd
to dryness. The résidue was dissolved in 25 c.c. of water and 5 c.c.• of
concentrated hydrochloric, and the solution poured into in excess of
ammonia. The whole was then, brought to a boil, after which the precipitated
hydrates were filtered, and washed well with hot water. The filtrate was
acidified with hydrochloric acid, after which the sulphur was precipitated
by means of the barium chloride solution., The barium sulphate thus
obtained representèd both pyritic and sulphate sulphur, and the former
was calculated by difference.

Powell recommends the determination of iron in each case as a check
on thè sulphur, but this' was not done in the present instance'.' However,
the iron was removed before precipitating pyritic.sulphur for fear of con-
taminating the barium sulphate. This was not considéred a serious factor
with sulphate sulphur on account of the lesser amount of iron dissolved,
any contamination from which would cause almost no error when dis=
tributed over 5 grammes of coal.

Yancey aiid.Parrl employed a more rapid metliod for the determina-
tion of sulphates in coal. They employed a slightly stronger solution of
hydrochloric acid (20 c.c. diluted to 200 c.c. with water) and heated for
2 hours.at 80°-90°C., instead of for 40 hours at 60°. Analyses made during
the present, investigation showed that this method gave results slightly
lower than those obtained by the 40-hour treatment, though the difference
was not greater than 0.02 per cent of the coal. Although the two methods
agree so closely, analyses reported.were all carried out by the slower method
except that of sample No. 2342.

The same investigators determined the effect of heating coal for 1
hour with nitric acid (Sp. Gr. 1- 12) instead of the 24-hour cold treatment
for the detérmination of pyritic sulphur. They employed temperatures
of 65° and 90°C., and decided that organic sulphur was attacked to a certain
extent at 90° but not at 65°C. In order to ascertain whether this rapid
method were advisable three of the coal samples were heated for 1 hour
at a temperature of about 75°C., and never higher than 80°. The following
results were obtained :-

Ind:,Eng. Chem.-10, 5, 501-1924.



Total sulphur Pyritic-rapid Pyritic-slow Sample No. 

3.40 
3.07 
1.32 

3.04 
2.92 
1.26 

2337 
2339 
2341 

7.10 
4.52 
2.20 
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Powell concluded in the course of his first investigation that any 
attempt to hasten the action of nitric acid by heat was inadvisable, and 
the above figures confirm his conclusion, at any rate in so far as coals of 
high sulphur content are concerned. Accordingly the slower method was 
adhered to throughout this investigation. 

The following table of analyses shows the percentage of sulphur in 
each coal distributed between the three forms determined, and also the 
percentage of the total sulphur represented by each form of sulphur. In 
some instances the figures for total sulphur will appear not to be in accord 
with those reported in the previous paper, but in such cases the differences 
are due to alteration in the moisture content of the coal. It will be observed 
that the analyses are reported to the second place of decimals, which is 
contrary to the usual practice in these laboratories. This was necessitated 
by the very small amounts of sulphate sulphur. 

No. Description 

Percentages of total 
sulphur Sulphur determined 

Sul- 	 Sul- 
phate Pyritic Organic Total phate Pyritic Organic 

2289 South Minto, N.B 	  
2642 North Minto 	  
2485 Caraquet.. 	  
2308 River Hebert, N S 	  
2315 Joggins 	  
2318 Springhill 	  
2335 Acadia No. 1, Stellarton 	 
2330 Albion bankhead, Stellarton 	 
2337 Inverness 	  
2339 Sydney Mines, Indian Cove 	 
2338 Sydney Mines, Toronto 	 
2340 Sydney Mines, Lloyd's Cove 	 
2342 Sydney Mines, Princess, Main 	 
2575 Sydney Mines, Princess, Main 	 
2341 Sydney Mines, Princess and 

Florence, Main 	  
2348 Dominion No. 22, Gowrie 	 
2352 Dominion No. 11, Emery.. 	 
2356 Dominion No. 12, Victoria 	 
2576 Dominion No. 12, Victoria 	 
2357 Dominion No. 16, Lingan 	 
2349 Dominion No. 4, Phalen 	 
2359 Dominion No. 2, Phalen ...... 
2383 Dominion slack 	  

	

0.28 	4.74 	1.81 	6.83 	4.1 	69.4 	26.5 

	

0.04 	5.36 	1.37 	6.77 	0.6 	79.2 	20.2 

	

0.42 	7.88 	1.92 	10.22 	4.1 	77.1 	18.8 

	

0.94 	2.18 	2.28 	5.40 	17.4 	40.4 	42.2 

	

1.26 	3.58 	2.34 	7.18 	17.5 	49.9 	32.6 

	

0.06 	0.60 	0.84 	1.50 	4.0 	40.0 	56.0 

	

0.14 	1.53 	1.38 	3.05 	4.6 	50.2 	45.2 

	

Trace 	0.07 	0 , 69 	0.76 Trace 	9.2 	90.8 

	

1.63 	3.04 	2.43 	7.10 	23-0 	42.8 	34.2 

	

0.45 	2.92 	1.15 	4.52 	10.0 	64.6 	25.4 

	

0.72 	4.43 	1.43 	6.58 	10.9 	67.4 	21.7 

	

0.91 	2.28 	2.07 	5.26 	17.3 	43.3 	39.4 

	

0.12 	1.13 	0.77 	2.02 	5 •9 	56.0 	38•1 

	

0.04 	0.37 	0.57 	0.98 	4.1 	37.7 	58.2 

0.21 	1.26 	0.73 	2 •20 	9.5 	57.3 	33.2 
0.25 	1.68 	1.07 	3.00 	8 •3 	56.0 	35.7 
0.14 	0.67 	0.87 	1.68 	8.3 	39.9 	51.8 
0.11 	1.32 	0.68 	2.11 	5.2 	62.6 	32.2 
0.03 	0.28 	0.56 	0.87 	3.4 	32.2 	64.4 
0.16 	1.10 	0.88 	2.14 	7 •5 	51.4 	41.1 
0.24 	2.83 	1.47 	4.54 	5.2 	62.4 	32.4 
0-20 	1.20 	0.88 	2.28 	8.8 	52.6 	38.6 
0-28 	1 •42 	0•92 	2.62 	10.7 	54.2 	35.1 

It will be noted that in nearly all these coals pyri tic sulphur is high, 
though in the few instances where the total sulphur is low it consists mainly 
of the organic form. The sulphur in 65 per cent of the coals is 60 per cent 
or more inorganic, a great part of which could be removed by washing. 
However it should be borne in mind that the investigation was concen-
trated on high sulphur coals, and few analyses were made of coals from the 



Percentages of 
total sulphur Sulphur determined 

No. Description 
Sul- 

ph  ate  Organic 

Ash, 
dry 

basis Pyritic Organic Total Sul- 
phate Pyritic 

Dominion, slack. 	 
Dominion, Baum 	 
North Minto 	 
North Minto, Wilfley 	 

2383 
2384 

'2642 
2642 

8 • 3 
5 • 1 

21.5 
11.8 

0.28 
0.24 
0.04 
0.04 

1.42 
0.82 
5.36 
3.40 

0.92 
0.95 
1.37 
1.80 

2.62 , 
 2.01 

6.77 
5.24 

10.7 
11.9 
0.6 
0.8 

54.2 
40.8 
79.2 
64.8 

35.1 
47.3 
20.2 
34.4 
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Springhill and Pictou areas where the sulphur content is low. The sulphur 
in all the New Brunswick coals is composed largely of pyrites, as is that 
in coals from the Sydney area, more especially, apparently, in those from 
Sydney Mines. 

The New Brunswick coals clearly demonstrate that high pyritic 
sulphur is not necessarily accompanied by high sulphate. An attempt 
was therefore made to identify some of the sulphate sulphur as calcium 
sulphate by correlating it with the amount • of calcium oxide in  the  coal 
ash. Only a few ash analyses were available, and the lime in these showed .  
no particular relation to the sulphates'. The ash in River Hebert coal 
contains a considerable amount of calcium oxide, which is in agreement 
with the quantity of sulphates obtained, but the Phalen coal also contains 
a large percentage  of  calcium oxide, and yet not very much sulphate 
sulphur. Unfortunately no ash analysis was aYailable for the Inverness 
coal which contains so much sulphate, and incidentally was freshly mined 
when sampled. It will be noted that most of the Sydney Mines coals 
contain a considerable amount of sulphate sulphur. All these samples, 
with the ekception of No. 2575, were taken froin storage above ground, 
though presumably only Nos. 2338-9 had been stored fôr any length of 
time, so that it seems probable that most of these coals normally contain a 
relatively high percentage of sulphate sulphur. 
• As has been previously stated, pyritic.sulphur can be largely removed 
by washing. The following analyses show the effect of washing an average 
sample of Dominion slack in the Baum washer at the Sydney coke ovens. 
In addition there are (riven the figures obtained by washing a Minto • coal 
on - Wilfley table beronging to the Ore Dressing Division. In order to 
indicate hoW large an amount of impurities was removed the ash content 
is given in each case. 

The methods employed for the analyses of sulphur forms in coke 
-were worked out by Powell' following his phase rule study, and are briefly 
:as follows:— 

Sulphide--1 or 2 grammes (according to the percentage of sulphur 
present) of coke of 35-mesh size or smaller were placed in a 300 c.c. Erlen-
meyer flask (a 200 c.c. flask is recommended, blit one was not available 
in the present Case) and covered with 25 .c.c. of water. The flask was 
closed and connected  to  an absorption bottle containing an ammoniacal 
solution of cadmium chloride, after which hydrogen was passed through 
the apparatus. 25 c.c. of strong hydrochloric acid were then run from a 
stoppered funnel into the flask, the contents of which were gradually 
heated to the boiling point, and so maintained for some little time in order 
to expel  he  last of the hydrogen stdphide. The contents of the absorption 

. 	. • Ind. Eng. Chem. 15, 9, 951-1923. 	 •  
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bottle were acidified with hydrochloric acid, and the liberated hydrogen
sulphide titrated with iodine solution. The iodine had previously been
standardised by a similar evolution method, using steel with a standardised
percentage of sulphur.

Sulphate-The contents of the Erlenmeyer flask from the sulphide
determination were filtered, and barium chloride added to the filtrate.
The barium sulphate precipitated represented sulphate sulphur.

Free sulphur-The same amount of coke as was previously used
was weighed into a porcelain boat and placed in a tube in a combustion
furnace. While the furnace was still cold hydrogen was passed through
until all other gases were removed, after which the outlet was closed.
The furnace was now brought to red heat, and so maintained for some
little time. Periods of 10, 15 and 20 minutes from the time of lighting the
furnace all gave the same -result. During the heating and subsequent
cooling of the coke a slight pressure of hydrogen was maintained in the
furnace, and this was best brought about by placing a water seal contain-
ing an inch or so of water between the furnace and the source of hydrogen.
As soon as the boat was cool enough to handle (about 100°C.) it was
removed from the furnace, and its contents rapidly transferred to an Erlen-
meyer flask. The evolution method was then carried out as in the determ-
ination of sulphide sulphur. In this case the sulphur evolved represented
the total of sulphide, sulphate and free or adsorbed sulphur, and the last
named was calculated by difference.

Sulphur in solid solution-This was calculated by subtracting the
sum of the above three forms of sulphur from the total sulphur as determ-
ined by Eschka's method.

There follows the analysis of sample No. 2385, coke made from the
Sydney washed coal No. 2384.

Sulphide (ferrous and other metallic sul-
phides) ............................ 0.59 34.5

Sulphate .............................. Nil Nil
Free sulphur.. ..... .. .................. 0.13 7.6
Sulphur in solid solution . . . . . . . . . . . . . . . . . 0.99 57.9

It may be mentioned here that only 0- 29 per cent of sulphur was
dissolved from the above coke when the rapid method for the determination
of pyritic sulphur in coal was employed.

In the Sydney coke the sulphide sulphur is probably a little higher
than is usual in metallurgical coke, but nevertheless the above figures
demonstrate that the greater part of the sulphur in such coke is present
in solid solution in the carbon.

SUMMARY

1. In the first part of this report there is given a review of the recent
literature regarding the nature of sulphur in coal and coke, its determina-
tion, and the changes that occur or may happen during the coking process.
In the second part there is given a description of the application of the
information obtained from the review to experimental work on coals and
coke from the Maritime Provinces.

Per cent in Per cent of
coke total sulphur
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2. Conclusions drawn from a study of the literature are as follows: 
(a) Coal sulphur is primarily divided into organic and inorganic; the 

latter is sub-divided into 'pyritic and sulphate sulphur. 
(b) A large percentage of the .pyritic s,ulphur, except that oecurring in 

a finely disseminated condition, can be removed by washinig; .organic 
sulphur cannot be so removed.  
• (c) Sulphate sulphur is, • generally speaking, of little account, though 
prolonged storage may considerably oxidise pyritic sulphur. 

(c1) The sulphur in a coke is  more  dependent upon the total amount of 
sulphur in the coal from which it was made than upon the relative quantities 
of each form of sulphur present/ in that coal. 

(e) Hydrogen, and to a lesser extent coke oven gas containing 50 per 
cent hydrogen, will remove, nearly all the sulphur from a coke by rapid 
heating in the laboratory when passed through the retort , during the coking 

, process.  On  the other hand, when the reaction is applied to the slower 
commercial process, .not more than 20 per cent of the sulphur is removed. 

(f) Nitrogen will only,  remove a very little sulphur from coke. Steam 
will remove the sulphur more readily than hydrogen, but with a consider-
able loss of carbon. Anthracite  if mixed with a . coking coal will produce 
enough hydrogen tnremove ,  some of the sulphur during .carbonization. 

(g) The harder the .coke the less 'readily will .its Sulphur be removed 
•by aily, of the above-inentioned gases. • 

(h) Sulphur may occUr in four forms in metallurgical coke namely: 
(1) sulphide, (2) sulphate, (3) adsorbed or free sulphur; principally 

from oxidation of ferrous sulphide, (4) sulphur in solid solution. 

3. Experimental work was confined to 23 coals from the Maritime 
Provinces, most of which contained a high percentage of sulphur. The 
sulphur in 15 of these coals was found to be 60 per cent or. more inor-
ganic; furthermore the sulphur in 14 of these was 50 per cent or more 
pyritic: The New Brunswick coals contained a very high percentage of 
pyrites., Washing ought to removnmost of this pyritic sulphur. 

The Joggins, Inverness and Sydney Mines coals were found to .con-' 
•tain a considerable ,  amount of sulphate sulphur. Very little of this could 
be identified as calcium sulphate. 

Coals containing a low percentage of sulphur ha,d usually very little 
inorganic sulphur. 

Analyses of Sydney and Minto coals before and  after washing showed 
that only pyrites was removed. A considerable amount of this was 
removed by a Baum washer from Sydney slack, while the amount washed 

,from Minto coal' on •a Wilfley table was .  not as large as anticipated. 
An analysis of coke from the Sydney washed Coal showed that most 

(if the sulphur was present in solid solution, the greater part of the-  remainder 
being combined with iron as ferrous sulphide. 
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GASOLINE SURVEY FOR 1923 

ANALYSES OF GASOLINE SAMPLES COLLECTED IN TEN CITIES OF 

CANADA DURING 1923 

P. V. Rosewarne 

In order to make available more information concerning the gasoline 
sold in Canada, a survey was made in August 1923. In a previous reportl 
the results of a survey of the gasoline sold in the city of Ottawa were given. 
The plan adopted for that ourvey has been expanded to include the larger 
cities of Canada. 

COLLECTION OF SAMPLES AND 1VIETHODS OF EXAMINATION 

Accordingly, 48 samples of gasoline were collected' during August, 
1923, from the wholesalers or distributors in the following cities :—Quebec, 
Montreal, Ottawa

' 
 Toronto, London, Winnipeg, Regina, Calgary, Edmon-

ton, Vancouver. These samples were tested for distillation range, iodine 
value, and specific gravity.. The distillation range was determined accord-
ing to the method recommended by the United States Bureau of Mines.' 
The iodine value was determined by the Harms method' and the specific 
gravity was obtained by means of the Westphal balance. 

RESULTS OF ANALYSES 

The results obtained are given in Table L 

TABLE I 

Results of Analyses 

QUEBEC, QUE. 

Distillation Range 
 	Ilecov- 	Iodine 	Spec. 

Lab. /go. 	1st 	20% 	50% 	90% 	End 	ered 	value 	gravity 
drop °F . 	.F. 	1P 	 9ô 

	

. 	point 
OF. 'T. 

2374 	99 	189 	257 	372 	432 	97.0 	23 	0.734 
2375 	109 	171 	219 	325 	397 	97 • 2 	9 	0.719 
2376 	111 	185 	248 	345 	397 	97.1 	33 	0.728 
2377 	118 	199 	272 	381 	432 	97.0 	25 	0.739 
2378 	163 	219 	255 	354 	439 	97.9 	14 	0.746 

Average.. 	120 	193 	250 	355 	419 	97 • 2 	21 	0.733 

Mines Branch, Summary Report of Investigations, 1022. 
2The writ,er wishes to acknowledge the hearty support and co-operation of the Engineering Departments  of the 

various cities in taking the samples. 
a U.S. Bureau of Mines, Technical Paper 298. 
4  Ellis and Meigs, "Gasoline and other Motor Fuels." 



40

TABLE I-Continued

Results of Analyses-Continued

MONTREAL, QUE.

Distillation Range
Recov- Iodine Spec.

Lab. No. 1st End eréd value gravity
drop 20% 50%a 90% point %
'P., °r, °r. °r. r.

2550 120 203 270 378 432 97•1 29 0•740

2557 113 179 232 331 396 97•3 5 0•718

2558 113 192 272 370 423 97•0 29 0•739

2559 153 201 275 374 430 97•5 28 0•740

2560 111 192 275 307 437 97•1 4 0•751

2561 154 221 280 372 424 97•0 3 0•756

Average.. 127 198 267 370 424 97•3 16 0•741

OTTAWA, ONT.

2394 138 192 234 325 383 97•1 2 0•725

2395 113 109 275 372 428 97•2 29 0•742

2306 160 194 264 369 417 97•8 24 0•738

2397 142 169 214 302 381 97•4 3 0•718

2398 124 214 270 361 432 97•4 29 0,745

Average.. 135 193 251 346 408 97•4 17. 0•734

TORONTO, ONT.

2363
2364
2365
2366
2367
2368

Average..

115 210 268 356 426 97•2 35 0•743

115 176 217 307 372 90•8 3 0•721

122 181 221 315 380 97•1 6 0•723

95 174 230 356 428 07•0 3 0•723

122 216 268 358 428 97•1 26 0•744

106 181 259 388 451 97•0 5 0•731

112 100 244 347 415 97•0 13 0•731

LONDON, ONT.

2369 93 147
194

225
262

388
363

435
433

90•5
97•0'

3
34

0•721
0•737

2370
2371

118
129 183 230 329 384 - 95•9 2 0•727

2372 122 205
1

279
262

372
303

424
432

97•1
97•0

4
35

0•747
0•738

2373 120 20

Average.. 116 186 252 363 422, 90•5 16 0•734

WINNIPEG, MAN.

2562 122 208 268 369 435 97•1 35 0•742

2503 133 223 272 361 424 98•0 34 0•747

2504 120 191 261 379 449 97•1 13 0•735

2565 95 149 199 354 423 96•0 3 0•711

2566 115. 192 252 300 424 97•0 30 0•730.

Average.. 117 193 250 365 431 97•0 23 0•734
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TABLE I-Continued

Results of Analyses-Concluded

REGINA, SASK.

Distillation Range
- Recov- Todine Spec.

Lab. No. 1st 20% 50% 00% End ered value gravity
drop o F .

.
F. ° F.

point
F

%
F. .

2379 122 205 264 363 432 97.2 32 0•744

2380 120 212 270 372 435 97•1 35 0•746

2381 111 181 239 369 441 97•0 7 0•728

2382 108 201 266 369 432 97•0 37 0•741

Average.. 115 200 260 369 435 97•1 28 0•740

CALGARY, ALTA.

2548
2549
2550
2551
2552

Average..

122 212 266 365 435 97•3 27 0•750

120 203 259 360 430 97•1 34 0.740

115 219 268 363 424 97•2 23 0•753

97 163 243 381. 424 96•1 3 0•723

127 217 268 360 426 9811 24 0•755

116 203 261 366 428 97•2 22 0•744

EDMONTON, ALTA.

2544 127 191 262 361 426 97•5 27 0•750

2545 113 189 237 345 428 97•0 4 0•724

2546
2547

126
115

212
203

268
257

367
360

437
432

97•3
97•0

33
34

0•740
0-740

Average.. 120 199 256 358 431 97•2 25 0•739

VANCOUVER, B.C.

2553 120 205 248 327 388 97•1 13 0•744

2554 113 205 259 367 437 97•2 3 0•753

2555 115 201 266 386 451 97•0 4 0•752

Average.. 116 204 258 360 425 97•1 7 0•750

Average of
allsamples. 120 193 255 358 423 97•1 19 0.737



Distillation Range 
Spee. 

gravity District lst 
drop 
°F. 

90% End 
point 
°F. 

Recov-
ered 

Iodine 
value 

358 255 120 Averrtgel 0.737 19 97.1 423 193 

Quebec, Que 	  
Montreal, Que 	  
Ottawa, Ont 	  
Toronto, Ont 	  
London, Ont 	  
Winnipeg, Man 	  
Regina, Sask 	  
Calgary,  Alfa 	  
Edmonton,  Alto. 	 
Vancouver, B.0 	 

120 
127 
135 
112 
116 
117 
115 
116 
120 
116 

193 
198 
193 
190 
186 
193 
200 
203 
199 
201 

250 
267 
251 
244 
252 
250 
260 
261 
256 
258 

355 
370 
346 
347 
363 
365 
369 
366 
358 
360 

419 
424 
408 
415 
422 
431 
435 
428 
431 
425 

97.2 
97.3 
97.4 
97.0 
96.5 
97 • 0 
97.1 
97.2 
97.2 
97.1 

21 
16 
17 
13 
16 
23 
28 
22 
25 

7 

0 • 733 
0 • 741 
0.734 
0.731 
0.734 
0.734 
0.740 
0.744 
0.739 
0.750 

20% 
°F. 

50% 
°F. 
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TABLE II 

Average Results of Analyses by Cities 

COMPARISON OF RESULTS 

it is interesting to compare the above figures with others obtained in 
somewhat the same way. Table III gives the average results of twenty 
samples collected in the city of Ottawa in December, 19222, the average 
results of the five samples collected in Ottawa in August, 1923, the average 
of the forty-eight samples collected throughout Canada in August, 1923, 
the average of 158 samples collected in the United States during July, 
1923, as reported by the United States Bureau of Mines,' and the essential 
features of the specifications for motor gasoline, adopted by the Specifica-
tions Board of the United States' for the use of the various departments 
and independent establishments of the United States government. The 
average of 88 samples collected in Canada, presumably during 1916, and 
reported by the laboratory of the Department of Inland Revenue, 4  was 
calculated by the writer and is also given. In this last case, neither the 
method of determining the distillation range nor the apparatus used was 
stated, so that the calculated result can be considered as only approximately 
correct. Moreover, the results of the distillations are expressed as certain 
percentages of distillate obtained below several arbitrarily chosen tempera-
tures, as shown in Table VI, whereas the method of showing results which 
is m.ost often adopted at the present time gives the initial and the final 
temperatures at which the sample boils, together with the temperature 
noted when each successive 10 per cent of distillate has been recovered. 
In order to reduce the results shown in Bulletin 362" to a form in which 
they can be compared with the figures obtained in the present survey, 
the average amount of distillate obtained at the different temperatures 
was calculated and these averages were plotted on squared paper with 
other graphs, as in Diagram I. A curve was then drawn through the 
plotted points which was similar in general shape to distillation curves 
drawn for the other. gasolines. From the graph so obtained, the temperature 
for the initial and end points and for other points was read off as required. 

1 This is the average value for all the samples tested. 
2  Summary Report of Investigations, Mines Branch, 1022. 
' U.S.  Bureau of Mines, Report of Investigations, Serial No. 2525.—"Eighth Semi-annual Motor Gasoline Sur-

vey." 
4  Department of Inland Revenue, Canada, Bulletin 362.—"Gasoline." 
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TABLÉ' III

Average Results for Comparison

Distillation Range

Ottawa, D ec. 1022 ... . . . . . . . . . . . .
Ottawa, Au g. 1923 .. . . . . . . . . . . . . .
Canada, Aug. 1923 ... . . . . . . . . . . . .
Canada, 19161 ...................
United States, July 1923.........
U.S. Federal specification .......

End
point
IF.
399
408
423
380
430
437

Iodine
value

Sp. gr.
at

so°F.

0•727
0•734
0•737
0•732
0•751

I Depnrtment of Inland Revenue, Canada, Bulletin 302-" Gusolino."

It will be observed that the gasoline sold in Canada shows an average
of distinctly good quality, when judged by the distillation range, which is
the ordinarily accepted standard. This may be due to different causes,
among which are the following:-

(a) A general tendency on the part of the user, lacking definite infor-
mation on the matter, is to demand the best grades.

(b) The prevailing low temperature occurring in the winter months
requires a comparatively volatile gasoline in order to operate sati5factorily.

(c) Large stocks of gasoline and crude petroleum have been acculnul=
ated and stored above ground during the past year.

Another point worthy of observation is that the characteristics vary
according to the geographical or commercial districts in which the samples
were collected. Table IV shows the average distillation ranges and specific

TABLE IV

Average Resielts by Provinces

Province
No. of

samples

1st
drop
I

20%
IF.

50%
IF.

90%
IF.

End
point

Spec.
gravity

F

Quebec ..........:........... 11 124 196 260 364 422 0•737

Ontario ....................... 16 121 100 249 352 415 0•733
Manitoba..................... 5 117 193 250 365 431 0•734
Saskatchewan ................ 4 115 200 200 369 435 .0•740
Alberta. ...................... 9 118 201 259 362 429 0•742

British Columbia ............. 3 116 204 258 360. 425 0•750

gravities of samples from the different provinces. It may be pointed out
that samples from Ontario and Manitoba have the lowest specific gravity,
and samples from Alberta and British Columbia the highest, salnples from
Saskatchewan and Quebec having an intermediate value. From that
fact it might be assumed that the average distillation range of samples
from British Columbia would be much higher than,that of samples from
Ontario. However, the distillation curves for the two provinces, as shown
in Diagram II, show that while the distillation curve for British Columbia
is higher than that of Ontario, it is not sufficiently high to explain the
difference in gravity. Moreover, the average distillation curve for

1st
drop
IF.
123
135
120
125
125
131

20%
IF.

187
194
193
192
206
221

50%p '

IF.

246
251
255
237
269
284

00%
IF.

339
346
358
330
382
302
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Saskatchewan
' 
 also shown in Diagram II, lies above the curve for British 

Columbia for the greater part of its length, although its specific gravity 
is considerably lower. It is, therefore obvious that the specific gravity 
does not bear a simple and constant relation  to the distillation range. It is 
generally understood' that • commercial gasoline cannot be compared 
satisfactorily by reference to specific 'gravity alone, since different refined 
products may be blended together, such as a mixture of casing-head gaso-
line and kerosene, in such proportions as to give almost any specific gravity 
required. The effect referred to above differs . fro n the effect produced by 
blending because in the latter case the distillation range is higher when 
the specific gravity is higher, whereas in the case under discussion, the 
distillation varies comparatively little while the specific gravity varies a 
great deal. It is well known that the characteristics and constituents of 
crude petroleum from different fields vary. It would appear then that 
the characteristics of various gasolines depend upon the constituents 
originally present in the crude petroleum, or which may have been formed 
from the crude during its treatment for the production of gasoline. 

The crude .  petroleum obtained  frein  California, for instance, is of 
higher specific gravity, as a rule, than that from Oklahoma or from Pennsyl-
vania fields of similar viscosity. Although it is not the purpose here to 
discuss the distributien of crude petroleum, it seems reasonable to expect 
to find large quantities of gasoline made in British Columbia from California 
crudes, on account of the preximity of the two districts and the well-devel-
oped coastal trade, which gasoline would therefore show a higher specific 
gravity for a similar distillation range than gasoline made in Ontario from 
Oklahoma or Pennsylvania crude oils. The same effect may be observed 
in the 'provinces of Quebec and Alberta, where doubtless a certain per-
centage of California crude oil, or its products, finds a market; in one case 
because of the love rates for ocean transportation in coinparison with 
either pipe line or rail haul; and in the other case because part of the 
necessary supplies are obtained from British Columbia. 

VARIATION IN QUALITY 
In order to estimate the variation in quality of the gasoline being 

sold, the average of the 10 per cent (five samples) having the highest end 
point and the average of the 10 per cent having the lowest end point was 
obtained as shown in Table V. The magnitude of the difference between 
these two averages, shown  hi Table VIII, may be accepted for purposes 
of cemparison as a measure of variation in quality. Since no indication 
of the final boiling temperature of. the samples exaMined is .given in Bulletin 
362 of the Department of Inland Revenue it is somewhat difficult to com-
pare the results obtained then with those obtained in this survey. How-
ever, if the nine samples showing the highest percentage of distillate above 
150°C. are accepted as the 10 per cent having the highest end ,point, and 
likeWise the nine 'samples showing the lowest percentage of distillate above 
150°C. as the 10 per cent having the lowest end point; then the average 
percentage of each one of the groups as shown in Table VI should show 
approximately the distillation curve of the maximum and 'Minimum 10 
per cent of the samples, respectively. Also the difference between these 
two values, namely 22 per cent, shows approximately the variation in 
quality of gasoline sold at that time. 

summary Report of Investigations, Mines Branch, 1922, page 224. 
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By plotting from Table V the distillation curve as shown in Diagram
III of the average maximum and minimum 10 per cent of the samples of
the present survey, the difference in volatility at 150°C. (302° F.) can be
obtained. It is to be observed that whereas the difference in 1916 was
22 per cent, the difference in 1923 was 17.5 per cent, showing that the
general tendency during the intervening years has been towards a more
uniform product. Since that is so, it seems logical to expect that the
end point of a gasoline obtained in 1916 would be higher than the end
point of a gasoline obtained in 1923, if the two gasolines gave an equal
percentage of distillate above 150°C. (302°F.). Moreover, if those
samples in the present survey be chosen, which give about the same per-
centage of distillate above 150°C. (302°F.) as the maximum 10 per cent
shown in Table VI, and the average end point of these samples be obtained,
it follows that the end point so obtained should be not higher than the
end point of the maximum 10 per cent in Table VI. Table VII gives
the average of samples which have a distillation temperature of 145° C.
to 149° C. when 70 per cent of distillate has been recovered. Diagram I%
shows the resulting distillation curve and also the curve A, which
represents the average maximum 10 per cent of samples examined in
1916.

TABLE V

10 per cent of Samples having Maximum End Point

Distillation Range

Lab. No.

2368 ..............
2378 ..............
2381 ..............
2555 ..............
2564 ..............

Average......

1st
drop
OF.

106
163
111
115
120

123

20%
°F.

181
219
181
201
191

195

50%
°F.

259
255
239
266
261

256

310
295
295
318
306

305

90%
°F.

388
354
369
386
379

375

End
point
°r.

451
439
441
451
449

446

10 per cent of Samples having Minimum End Point

Spec.
gravity
at 60° F.

0•731
0•746
0•728
0•752
0•735

0•738

2364 .............. 115 176 217 250 307 372 0•721
2365 .............. 122 181 221 254 315 386 0;723
2371 .............. 129 183 230 246 329 384 0•727
2394 .............. 138 192 234 272 325 383 0•725
2397 .............. 142 169 214 242 302 381 0•718

Average...... 129 180 223 253 316 381 0•723

84376-4
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TABLE' VI

10 per cent of Samples having highest percentage of distillate above 150° C. taken

from Bulletin 362, Dept. of Inland Revenue

Dept. Inland Revenue No. lôwb
7
e
0°C.

ÔC.7
to

120°C.

12ÔC .
to

140°C.

14ÔC.
to

150°C.

ôveab
150°C.

Spec.
gravity

75482 ......................... 12•5 18.1 13•2 7•7 48•0 0•738
0 ............................ 12•8 18•2 16•5 12•0 36•8 0•732
75463 ........................ 14•5 38•5 15.0 6.2 24.5 0•730
75432 ........................ 17•5 40.0 13•0 6.1 22.5 0•720
75445 ........................ 5•0 46•0 17•8 7.7 23•0 0•746
65007.. ...................... 3•5 49.5 18•0 7.5 21•2 0.743
69533 ........................ 2•0 45•5 22.0 9.5 20•0 0.743
F ............................ 12•7 44.9 15•2 6•2 20.0 0.730
75466 ........................ 5•5 45.5 20•5 8.0 20•0 0•740

Average ................. 9•6 38•5 16•8 7•9 26.2 0.736

10 per cent of Samples having lowest percentage of distillate above 150°C. taken

from Bulletin 362

69534 ........................ 11•5 72•0 10•0 2.0 3•4 0•719
69539 ........................ 11•0 71•7 10•8 2•0 4•0 0•720
69531 ........................ 12•5 70•2 10•5 1•8 4•0 0•720
69532 ........................ 13•5 69•2 10.8 2•0 4•0 0•720
63859 ........................ 9•5 71•0 11.0 4•3 4•0 0•724
69538.. ...................... 11•0 70•0 11.0 2•5 4.5 0•721
69536 ........................ 11,5 71•2 10.0 2•8 4•5 0•720
69537 ........................ 12•0 67•5 12•0 3•5 4•5 0•721
5433 ......................... 8•5 69•5 10•8 5.0 5.0 0•726

Average ...:............. 11•2 70•3 10.8 2.9 4•2 0.721

Difference between maximum and minimum above 150°C.=22•0%.

TABLE, VII

Samples which yield 70 per cent distillate between 145° C. and 149°C. inclusive

Lab No.
lst

drop 10% 20%a
°

50%
°

70%
°

90%
°

End. C. C. C. C. C. point

2378 .............. 73 97 104 124 146 179 226
2381 .............. 43 71 84 117 146 187 227
2544 .............. 53 88 99 128 149 183 219
2547 .............. 46 82 95 125 147 182 222
2549 .............. 49 81 95 126 148 182 221
2566 .............. 46 79 89 122 146 182 218

Aver. °C...... 52 83 94 124 147 182 222

Aver.°F...... 126 181 201 255 297 360 432

84376-41
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It was found that the minimum 10 per cent of 1916 was so low that 
none of the 1923 samples  couic!  approximate it. Therefore the distillation 
range of a special gasoline obtained in 1922 was used to approximate the 
mini num . 10 per cent end point for 1916. This distillation range is shOwn 
on Diagram IV, and the curve B whieh bears the same relation to the 
minimum curve as the curve A does to the maximum 10 per cent curve. 

The results obtained as above are su nmarized in Table VIII, wbich 
shows the difference in degrees Fahrenheit between the maximum 10 per 
cent and minimum 10 per cent of samples collected in Canada in 1916 and 
in 1923, together with similar figures obtained by the Bureau of Mines,  in 
the United States for July 1923. 

TABLE VIII 	 • 
Difference between: Maximum and Minimum End Points 

Manitoba, 
• 	 Canada 	 Ontario 	Saskateli- 	British 	United  

	

Canada 	and 	ewan and 	Columbia 	States 

	

August 	Quebec 	Alberta, 	 July 
1916 	1923 	1923 	1923 	1923 	1923 

F. 	.F. 	.F. 	.T .  

Maximum 10%.. 	 432 	446 	442 	445 	451 	471 
Minimum 10% 	322 	381 	379 	424 	388 	400 

Difference 	110 	65 	63 	21 	63 	71 

DEW POINT AND WEIGHTED INDEX NUMBERS 

The dew point of a gasoline is that temperature at which the gasoline 
vapours begin to condense from a mixture of the vapour with air. It is 
obvious that the temperature will depend on the proportion of gasoline 
vapour to air. Since the proportion of 1 to 15 parts respectively gives a 
satisfactory burning mixture, this proportion has been accepted as the 
most desirable. Gruse2  has developed a very ingenious apparatus for 
determining the dew point directly. Wilson and Barnard' have also done 
some work along the same line. Gruse4  has demonstrated that the dew 
point of a gasoline may be estimated more or less accurately from the 
results of an ordinary distillation. 

The temperature readings in degrees Centigrade at which 10, 20, 50, 
70, and 90 per cent of distillate has been recovered are added to the tempera-
ture reading at the end point of the distillation and the resultant sum is 
called the weighted index number. The index numbers for several average 
distillation ranges are shown on Table IX. It is further shown that the 
index numbers so obtained are simply related to the dew point, in degrees 
Centigrade for a wide range of commercial gasolines which have been 
examined in the Gruse apparatus, and that the relationship can be graphic-
ally shown by a straight line. The position and slope of the line can be 
easily established by the index numbers of two or more gasolines of which 
the dew point is known. 

J. S. Bureau of Mines, Report of Investigation 2525. 
2  Industrial and Engineering Chemistry, Vol. 15, No. 8, page 796 (1923). 
3  Industrial and Engineering Chemistry, Vol. 13, No. 10, page 906 (1921). 

Chemical and Metallurgical Engineering, Vol. 29, No. 22, page 970 (1923). 
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Distillate

10% ........................
20% ........................
50% ............. . ........
70% ........................
90% . . ......................
End ........................

Index No ...............

TABLE IX

Calculation of Index Numbers

Average for
Cariada

1916

°C.

76
89
113
132
165
193

768

Average for
Canada
1923

°C.

76
89
123
146
181
217

832

Average for
United States

.1923

°C.

80
96

131
150
194
224

881

United States
Federal
spec.

°C.

84
105
140
163
200
225

917

Convenient points for establishing the graph are:-Domestic aviation,
with index number of 612 and dew pôint of 14°C. together with co-opera-
tive gasoline D, which has an index number of 967 and a dew point of
80°C. The above points are calculated in degrees Centigrade and for a
fuel mixture of 15 parts of air to 1 part of fuel.

Diagram V shows the dew point of the average gasoline sold in : Canada
in thé years 1916 and 1923. It .is interesting to note that the dew point
has increased appreciably during the past seven years.

SUMMARY AND CONCLUSIONS

1. The gasoline sold in Canada during 1923 shows an average of good
qtiality when judged by the distillation range.

2. There are indications which suggest that the constituents. present
in gasoline from different parts of the country vary.

Gasoline sold in Canada during 1923 is more uniform in qùality
than that sold in Canada during 1916, or that sold in the United States
during 1923.

4. The Gruse index' number for gasoline was lower for gasoline
sold in Canada during 1916 than for that sold during 1923.

5 The, average dew point of gasolines sold in Canada has increased
from 110°F. in 1916 to 132°F. in 1923, calculated for -a gasoline-air, mixture
of 1to15.
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THE HARTMAN OIL SHALE RETORT

A. A. Swinnerton

In connexion with the investigational work on Canadian oil shales
outlined in previous Mines Branch publications,' the Hartman retort for
the distillation of oil shale was examined by the writer, and this report
has to do with trial runs made in the demonstration apparatus at St. John,
N.B., using New Brunswick oil shale from the Albert Mines area.

Canadian Patent No. 223085 granted to Emanuel W. Hartman,
August 29, 1922, is entitled, "Shale Handling Apparatus." In the words
used in the patent application-"This invention relates to an improvement,
in Shale Handling Apparatus and more particularly to an apparatus having
a retort in which the shale is distilled, and condensing means in which
the products of the distillation are treated to separate out the gasoline
and heavy oils." No special mention is made as to the precise tempera-
ture ranges at which the retort is to be operated, nor is there any reference
madé to thé control of the reactions taking place by the use of stearn. The
general process used follows regular destructive distillation practice for oil
shales, and in this connexion the products obtained may be compared
with those obtained by ordinary laboratory distillation methods.

The second to sixth paragraphs of 'page 2 of the patent application
are as follows:-

"One object of this invention is to provide in such apparatus a retort having a cylind-
rical cbamber provided with a series of shelves or decks over which the shale is moved by
means of a series of rotating conveyors and in which,retort the individual shelves are
heated directly so that the temperature under which the shale on each shelf is treated can
be controlled.

"Ariother object of this'invention is to provide in the retort of this apparatus a rotat-
able shaft which is normally supported on bearings beneath its foot but which may be
raised under the action of the shale during the operation of the apparatus without dis-
turbing its driving connection.

"A further object of this invention is to provide in the retort a corrugated base plate
so that any distortion of the plate due to the extreme heat to which it is subjected during
the distillation operation will be taken up by such corrugations without interfering in
any way with the operation of the vertical driving shaft.

"A still further object of this invention consists in providiing in each of the shelves of
the retort a plurality of heating elements preferably electrically controlled.

"Another object of this invention consists in the provision of a condensing apparatus
the various parts of which are made up of pipes of varying diameters."

DESCRIPTION OF RETORTING APPARATUS

As installed at St. John the Hartman retorting apparatus occupiéd a
space of approximately 6%' X 7%' X 5.' It consisted of a vertical retort
connected to a worm condenser and gas scrubber with the necessary
aécessories, such as electric motors, gas blower, pyrometer, oil containers,
etc. Plate I is a photograph of the .apparatùs as installed in a garage;
Figure 1 is a diagrammatic sketch of the apparatus train; and Figures 2 and
3 are detailed sketches of the retort as given in the patent specificat^on.

1 Mines Branch Summary of Investigations 1021, page 230, and 1922, page 210.



PLATE I 

Hartman retorting apparatus, St. John, N.B. To face Page 54. 
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Ficuxn 1. Hartman experimental retort, St. John, N.B.
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The retort consisted of a cylindrical chamber provided with a series
of ten shelves or decks over which the shale is made to travel by means of a
corresponding series of rotating conveyers or agitators which are keyed on
to a central revolving shaft as in a Herreshoff-McDougall ore roasting
furnace. A special feature of the retort design is a base plate with con-
centric corrugations, which according to the claims in the patent applica-
tion, will take up any changes in the dimensions of the plate when sub-
jected to extreme heat. The upper shelves or decks, eight in number,
are described as identical in construction and different from the base plate
only in that they are plain and not corrugated. Each deck consists of a
circular plate with a hole in the centre to permit the escape of the vapours
formed and also to allow room for the central revolving shaft which carries
the agitators. They are also provided with peripheral flanges on the lower
side and these flanges are bolted together to form the outside wall of the

inlet

oi/

FIGUnD 3. Exhaust blower and condenser for Hartman retort

-retort. In each deck there is a hole or slot through which the shale may
..drop on to the next plate. These various openings are staggered so that
the shale after dropping on to a plate will be carried round for one revolu-
tion before it drops oa to the plate below. A hopper with a star whéel feed
is attached to the top of the retort and a discharge hopper with a similar
feed is attached immediately below the slot in the lowest or corrugated
base plate.

The course of travel 'of crushed shale through the retort is as follows.
The shale from the hopper is fed by the star wheel down on the top deck
where by means of the first agitator plate it is carried around the com-
plete circumference of the first stationary deck or plate before being dropped
through a slot on to the second deck. Here it is again carried around in
the same manner to the point where it is dropped through on the third
-deck and so on, down through the eight decks, and finally through the
:slot in the base plate into the discharge hopper and out as spent shale.
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Mention is made in the patent application of special electric heating 
elements to be embedded in the stationary plates and the drawings show 
the whole retort enclosed in a brick, insulation wall. The retort as installed 
and operated at St. John was however different in that it was heated by a 
motor-driven blower using city gas, the flame being directed onto the 
base plate and the flue gases going up and around the retort between the 
retort walls and the surrounding asbestos insulation as shown in Plate L 
As the hot flue gases passed up and around the outside of the'retort they 
came in contact with the projections of the flanged decks which apparently 
acted as baffle plates. The retort was therefore heated externally and the 
heat necessary to carry on the distillation of the shale was obtained by 
radiation and conduction inward, along and through the metal plates. 

In the apparatus as demonstrated at St. John no special vapour 
condensing system wa.s used. The shale gas as it left the retort passed 
through a worm condenser at the bottom of which by means of a T the 
uncondensed gas was led off up into an expansion tank and thence to gas 
burners to be burned. The condensed oil was drawn off at intervals 
from a swing arm  attached to the above-mentioned T as shown in Figure 1. 

In the patent application and drawings special mention and claims re 
a condensing apparatus were made, the main features of which are, (a) 
a water seal through which the gas must pass before going to gas tank and 
(b) a special rotary water7cooled exhaust blower as shown in Figure 3. The 
claim is made that by thé admission of air into the'shale gas in the blower 
"the separation of the gasoline and heavy oils in the chamber is furthered 
by the admission of the air which acts to cool the distillate and also adds 
oxygen  to  the mixture thus increasing the amount of the liquid precipi-
tated." The use of cold air admitted and thrown against the water-
cooled walls of the rotary blower may be advantageous, but it is evidently 
the temperature—the cooler the better—that is important and .not the 
use of air as such. It  is  inconceivable how oxygen (of the air) may be 
added to the mixture "thus increasing the amount of liquid" as the crude 
shale oils are unsaturated  in nature and require a reducing rather than an 
oxidizing atmosphere. This special condensing equipment was however 
not demonstrated in the trial runs here reported and therefore will not be 
further discussed. 

The retort may be operated either intermittently or continuously 
and the rate of distillation can be controlled both by  the rate of feed of the 
shale and by the intensity of the heat applied. Intermittent runs would 
not be expected to run as smoothly as continuous runs due to expansion 
changes While starting and stopping, and runs of short duration would 
not be as satisfactory as long runs. 

TRIAL RUNS IN -HARTMAN RETORT 

Two test runs only were made at St. John under the writer's super-
vision, the duration of these being about two hours each. As mentioned 
above, the retort was heated by city gas and the amount used W as  meas-
ured. By means of a pipe inserted through the side-wall flange just above 
the base plate steam could  be  used and was used during the first run: The 
maximum temperature to which the shale was heated was recorded by a 
pyrometer inserted in the base plate. In the first run Albert shale, crushed 
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to about pea size, was used with steam, and in the second run what is
known as paper shale (from Albert Mines) was distilled without the use
of steam. A summary of the two trial runs is as follows:

TABLE, I

Shale used-
Date of run ........................................
Retort charged ....................................
Retort empty ......................................
Amount of shale used ..............................
Temperature at bottom plate .......................
City gas used (c.f. per hour) ........................

Products obtained-
Shale gas (c.f. per hr. estimated) ...................
Duration of gas at this rate .........................
Weight of spent shale ...............................
Spent shale as % of shale charged ..................
Amount of oil (Imp. gts.)........ ....... .... ... ....
Yield of crude wet oils (as measured) (Imp. gals. per

2,000 lbs.) ......................................
Dry oil yield (corrected) ...........................

Run No. 2
(without steam)

Run No. 1
(with steam)

Paper shale

Feb. 3
2.10 P.M.
4.30 p.m.
1001bs.
920-970° F.
130

Albert shale

Feb. 2
2.45 p.m.
4.55 p.m.
1001bs.
850-950° F.
115

50-60
1 hr. 30 mins.
81 lbs. 5 oz.
81•3
5

50-60
1 hr. 30 mins.
751bs. 15 oz.
75.9
91

25
25

46
32

LABORATORY ÈXPBRIMBNTAL WORK

Samples of the crude oil obtained from the Hartman retort were
brought back to Ottawa and examined in the Fuel Testing Laboratories.
Samples of the oil shales used were also brought back, on which check
runs were made in the standard-temperature control lead bath electric-
furnace already described in a previous Mines Branch publication' and in
an electrically heated retort specially fitted for distilling oil shale in the
presence of steam.

A proximate analysis of the two oil shales used is as follows:-

TABLE II

Moisture .............................................................%
Ash . ..... ....................................................... %
Volatile matter............................................. ........:% %
Fixed carbon (by difference) ......................................... o
Calorific value (cals. per grm.) .........................................

Albert shale

0•7
77•4
15•9
6•0 •

2,740

Paper shale

0•5
78•7
12•0
8•8

2,095

In run No. 1 made in the Hartman retort in St. John, due to the use
of steam the crude oil was obtained along with considerable water distillate.
Correction was made for this water as it separated by gravity from the
oil, but the crude oil measured still consisted of an oil-water emulsion
which on further standing separated out more water. By the time the
samples reached the laboratory it was found that the oil had separated as
a top layer practically free from water. Examination of the dry oil from
run 1 in comparison with the dry oil from run 2 was fairly simple, but due

1 Mines Branch Summary Report of Investigations 1921, p. 241.



Albert shale ,Paper shale 

Hartman 
retort 

Laboratory 
retort 

Hartman 
' retert 

Laboratory 
retort 

Specific gravity at 60°F 	  
Distillation range- 

• 1st drop 	  
10% vol 	  
20% vol 	  
30% vol 	  
40% vol 	  
50% vol 	  
60% vol 	  

•	  • 70% vol 
80% vol 	  
End point 	 
Recovery 	• 

0-883 

75°C. 
135 
174 
214 
259 
298 
322 
366 
384 
390 
89% 

O. 861 
74°C. 

139 
180 
223 
252 
283 
320 
347 
368 
390 
91% 

0.854.  

69°C. 
126 
168 
203 
249 
279 
311 
337 
369 
390 
88% 

0.886 

75°C. 
146 
105 
247 
281 
322 
349 
357 
375 
390 
94% 
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to temperature and agitation changes during transit, and due to the nature 
of the containers in which the oil was shipped, it was difficult to determine 
accurately the amount of water contained in the crude wet oil as measured 
in run No. 1. For this reason check runs were made in the  laboratory on 
Albert shale as used in run No. 1, with and without steam. A third run 
was also made on the paper shale to check the yield obtained at St. John. 
A summary of these laboratory distillation runs is as follows:— 

TABLE III 

Albert shale 	Paper shale 

Without 	With 	Without 
steam 	steam 	steam 

Shale used- 
Spent shale obtained as % of shale charged 	 

Oil yield (Itrip. gals. per 2,000 lbs.)— 
Crude oil as measured 	  
Dry oil dehydrated 	  

77.2 	76 • 3 	80.6 

32.1 	45.1 	29.5 	' 
32.1 ' 	31.6 	29.5 

The crude water-oil emulsion obtained by steam distillation from 
Albert shale contained an average of 30 per cent water, and correcting 
for this the yield from the Hartman retort in run No. 1 shoirld be 32.2 . 
instead of 46 Imperial gallons per ton. (See Table I). 

EXAMINATION OF SHALE OILS 

The specific gravity and distillation range of the dry shale oil samples 
from the Hartman retort may be compared witlithat of the dry oils obtained 
in the laboratory from the same shales as follows:— 

TABLE IV 

Examination of the above distillation ranges shows that the nature of 
shale oil obtained by the Hartman retorting proceSs does not differ materi-
ally frorn the oil obtained in the laboratery by ordinary destructive dis-
tillation. Thé gravity of the shale oils from the Hartman retort for each 
shale differed slightly from  that of the oils from the laboratory retort, but 
this may be accounted for either by rate of the primary destructive dis-
tillation or by particles of shale dust being carried over into the crude oil. 
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GAS YIELD AND WEIGHT BALANCE

The yield of gas during the trial runs in the Hartman retort was only
roughly determined. The uncondensed gas produced was burned in
standard gas jets the consumption of which was measured. The shale gas
figure given in the above table is therefore an estimated yield. A check
comparison of the gas yield obtained may however be made by drawing
up a weight balance and comparing this with that obtained in the labora-
tory runs.

TABLE V
Weight balance-Products expressed as percentage of shale charged

Laboratory retort

Spent shale ..............................%
Dry oil ... . ............................%
Water in shale ..... . . . . . . . . . . . . . . . . . . .%
Gas and loss (by diff.) ...................%
Gas yield c.f./ton........................ %
Calorific value B. T. U./c.f ................

Albert shale

Without
steam

79•4
14•1
0•7
5•8

1,285
535

With
steam

75•0
13•8
0.9

10•3
3,540

395

Paper
shale

Without
steam

80•6
13•0
0.5
5.9

1,030
450

Hartman retort

Albert •
shale

With
steam

75•9
13•9
0•7
9.5

(11650)

Paper
shale

Without
steam

81•3
10•2
0•5
8•0

(1650)

Under laboratory retorting conditions where the temperature is
controlled and where the maximum temperature does not exceed say
450°C. (840°F.) until all the shale oil is distilled off an oil shale yielding
13.8 to 14. 0 per cent of its weight as (dry) oil, will, it has been found,
give a gas yield averaging in the neighbourhood of 1,000. cu. ft. per ton. On
allowing the temperature to rise appreciably at the end of the run the gas
yield reaches as high as 1,500 cu: ft: per ton with the same oil yield. Using
steam under these latter conditions will give gas yields ranging froln.
1,500 to 3,500 cu. ft. per ton, depending on the maximum temperature and
the amount of steam coming into contact with the hot carbon of the spent
shale. On the. same shale the calorific value of the gas apparently varies
with the yield. From records it is noticed that gas yields of 1,000 to
1,500 cu. ft. per ton show calorific values ranging from less than 400 to over
700 B.T.U. per cu. ft. with an average of about 550 B.T.U. An 8-lb. sample
of oil shale distilled in a laboratory retort at a temperature of 550°C.
(1,020°F.) in the shale gave a gas yield of over 3,500 cu. ft. per ton, the
calorific value of which was slightly less than 400 B.T.U. per cu. ft.l

The roughly determined figures of 1,600 to 1,700 cu. ft. per ton as the
gas yield obtained in the runs in the Hartman' retort corresponds with
yields obtained in the laboratory under similar conditions. At this yield
(with steam) the heating value of the gas will be in the neighbourhood of
500 B.T.U.

The heating value of city gas such as used for heating the retort also
ranges as high as 500 B.T.U. per cu. ft., although the Minimum allowable
is 450 B.T.U. For practical purposes therefore the shale gas obtained
may be considered of equal calorific value to the city gas. The heat units
in the shale gas obtained as a ratio of the heat in the city gas used will
therefore be according to the rates of each per hour as measured. The

! MinesBranch SummaryReport 1918, page 84.
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average rate at which the shale gas was given off was roughly 55 Cu.  f t. per 
hr. as against an average of 123  eu.  ft. per hr. for the city gas used. The 
heat units in the shale gas obtained were apparently only about 45 per cent 
of the total .heat requirements to carry on the distillation as demonstrated 
in the Hartman retort during the two trial runs made. Either by increas-
ing the throughput or by increasing the efficiency for heating the retort 
by gas, or both, this figure of 45 per cent may be brought up considerably, 
but indications are that the claims made to the effect that sufficient shale 
gas was obtained to carry on the distillation are not substantiated. 

COMPARISON OF SIIALE OILS 

A comparison of the specific gravity and distillation range of the shale 
oirobtained by the Hartman retort with that obtained by ordinary labora-
tory distillation has already been given. A summary comparison of the 
yield of crude oil obtained in the laboratory retort as compared with that 
in,the Hartman retort is as follows:— 

TABLE VI 

Oil yield Imp. gals. 
per 2,000 lbs. 

Hartman 
retort 

Laboratory 
retort 

Albert shale- 
Crude wet oil as measured 	  
Crude oil less water content 	  

Paper shale- 
Crude wet oil 	  
Crude dry oil 	  

According to the above table it will be noticed that the yield of oil 
obtained in the laboratory retort from Albert shale checked the yield of 
crude oil in run 1 Hartman retort remarkably closely, but for the paper 
shale the laboratory yièld was 29 Imp. gallons per ton of dry crude oil as 
against 25 in the Hartman retort. 

From fractional distillation curves plotted from the distillation ranges 
given in Table IV the crude oils may be divided into light, medium, and 
.heavy oil fractions. The fractions obtained by the laboratory fractiona-
tion iiom the crude oil from the Albert shale and the yield of these fractions 
per ton may be summed up as follows:— 

TABLE VII 

Hartman retort Laboratory retort 

% dry oil 
distillate 
by vol. 

Imp. gals. 
per ton 
of shale 
charged 

% dry oil 
distillate 
by vol. 

Imp. gals. 
per ton 
of shale 
charged 

Light naphtha oils up to 150' C 	  
Middle illuminating oils 150-300' C 	 
Heavy lubricating stock 300' C to coke 	 
Coke, by diff 	  

14 •0 
37.0 
38.0 
11.0 

4.5 
11.8 
12.1 

14.0 
41.0 
36.0 
9.0 

4.5 
13.1 
11.5 
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It will be seen from the above that the composition of the oil obtained
from the Hartman retort was practically the same as that obtained from
'the laboratory retort.

THEORETICAL HEAT REQUIREMENTS

The specific heat of oil shale has been reportedl as 0• 265 and the
endothermic heat of reaction (at approximately 400°C) as averaging
slightly less than 450 cals. per gramme of oil and gas liberated. A single
determination on Canadian (New Brunswick) oil shale was 484 cals. per
gramme, equivalent to 870 B.T.U. per pound. This means that for every
pound of shale oil and gas produced, the heat required to carry out the
reaction at 400° to 410° C. was 870 B.T.U. for a 13.8 per cent yield of dry
oil, and a minimum of 3- 5 per cent2 yield of gas, making a total of
17.3 per cent for every pound of shale distilled, the theoretical heat require-
ments are 0- 173 X 870 B.T.U. equal to 150.5 B.T.U. On the assumption
that the specific heat for the spent shale is the same as reported for the
raw shale, viz., 0• 265, the heat required to raise the spent shale to a tempera-
ture in the neighbourhood of 900°F., as obtained in the Hartman retort
trial runs, would be 238 • 5 making a total of 389 B.T. U.

The capacity of the retort as demonstrated at St. John was approxim-
ately 75 pounds per hour with a gas consumption of 115 cu.ft. and 130 cu.ft.
per hour respectively for the two runs. With the average consumption
of 125 cu.ft. of 475 B.T.U. per cu.ft. gas the heat required to distill a pound of
shale was about 790 B.T.U. Hence the distillation of the oil from the
shale within the retort took place at an efficiency of slightly less than 50
per cent based on the theoretical heat requirements. This would indicate
that when the efficiency of heating the shale in the retort could be raised
to say 66 to 67 per cent, the throughput of the retort as demonstrated may
be brought up to 100 lbs. per hour as claimed.

DEVELOPMENT OF CAPACITY OF RETORT

Special claims are made in the patent application for electric heating
elements to be installed- in the bottom plate and in the upper decks or,
shelves; and in the blue prints accompanying the prospectus-promoting
the Hartman retort-a commercial plant size retort is draughted with the
same design as the small retort in the patent drawings. It is not the
intention of this report to discuss any other retort than that demonstrated
at St. John, but it should be pointed out that the development of a new
retort from a small (laboratory) scale to a semi-commercial or commercial
scale generally proves difficult. In order to heat by electricity at less cost
than with gas, low price current used in a cheap and simply designed
retort would be necessary, and while it is conceivable that oil shale may be
retorted on a large scale by electricity, it is difficult to see how the Hartman
apparatus can be developed to a commercial size retort with an efficient
electrical -heating system. If the elements are cast in the shelves or decks
as indicated in the patent drawings, the cost of replacing the burnt out
elements would be high. It may be concluded that the development
of the Hartman retort is distinctly in the preliminary stages, and that the

1 The Thermal Decomposition of Oil Shales-by McKee and Lyder.
The Journal of Industrial and Engineering eChmistry Aug.1921.

2 See Weight Balance, page 244, Mines Branch Summary Report for 1921.
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'cleYeloWent of  an efficient  heating system  is  still somewhat 6f  a  problem. 
It  would appear that for :a retorting operation in New Brunswick coal 
would be the cheapest fuel, with a combination of crude shale oil and 
producer gas (made by passing steam into hot spent shale) as second place. 

THE USE OF STEAM 

The Hartman retort is designed so that steam can be used. On the 
laboratory scale the use of steam greatly increases the yield Of crude wet 
'oil, but does not materially increase the yield .of dehydrated or water-
free 'oil. 

One of the claims made for the use of steam is that it improves the 
quality of the oil by reducing the vapour pressure within the retort, and 
while no doubt the efficiency with which the heat may be conducted to 
different parts of the retort by convection currents may be improved, thé 
most  important use of steam' is apparently to increase the gas yield.• At 

- temperatures of 550°C: and above the steam reacts on the hot carbon, 
resulting in the spent shale from the cracking of the hydrocarbons, to 
produce gas rich in carbon monoxide and hydrogen. The oil vapour present 
in the system will give a gas with heating value equal to or above that of 
ordinary water-gas. 

Knowing the value of extra gas yield due to steam, and correlating 
this With the cost of  ste m ,  the extent to which steam can be used to obtain 
economical results.  Can  be calculated and the steaming operation so regu-
lated. 

SUMMARY AND CONCLUSIONS 

1. The Hartman retort is a shale handling apparatus for the recovery. 
of .crude shale oil  from  oil shales by destructive distillation. The retort 

• as  demonstrated .at St. John, N.B., can be described as a continuous large 
scale laboratory apparatus, the capacity of which was from 75-100 lbs. of 
crushed shale per hour. 

2. The crlide wet oil produced by the Hartman retort, using steam, 
equivalent to a yield of 46 Imperial gallons per short ton, was a water-oil 
.emulsion containing approximately 30 per cent . of water. The yield of 
dry oil was 32 gallons per ton and this result is in close agreeinent with 
that  obtained by the Standard (temperature control) method used in thiS 
laboratory. The specific gravity and distillation range of the dry oil 
from the Hartman retort were not materially different  front  those of the 
crude obtained in this laboratory. 	 . 

. 3.. In operating the retort at a temperature for optimum oil yield the 
amount of heat in the gas given off was les than 50 per cent of the total 
available heat in the gas used to carry on the retorting process. 

4. The Hartman retorting process demonstrated at St. John had not 
progressed beyond the laboratory experimental stage•and the development 
of the retort to a semi-commercial or commercial stage will probably not 
be free from mechanical difficulties. Furthermore, in the development of 
a shale oil industry in Canada, the retorting  is  not the greatest problem. 
The cost of mining a uniformly high-grade shale and the refining of crude 
.oil into marlmtable products will In all probability be  more  important 
controlling factors. It is therefore not feasible to express an opinion as to 
the possibility of developing • and  operating the Hartman retort on a com-
mercial scale. 
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VI

REPORT ON THE RAMAGE PROCESS

R. P. Gilmore and P. V. Rosewarne

Under instructions from the Chief of the Fuels and Fuel Testing'
Division the writers visited the plant of The Nations Oil Refineries at
Montreal East in August, 1923. The purpose of this visit was to observe
the Ramage process in operation in order to determine its merits as a
technical process.

The Ramage process was originated by Alexander Sydney Ramage of
the United States, and has been developed from the laboratory scale to the
present stage, apparently under the inventor's personal direction. It
is a process for the conversion of heavy petroleum oils into lighter oil
products suitable for use as fuel in automobile, or other internal combustion
engines, and is covered by several patents both in Canada and the United
States. The process is said to be in operation on a commercial basis at
the petroleum refinery of the Barnsdall Corporation, at Bigheart, Okla-
homa. The raw materials in stock at The Nations Oil Refineries were
light fuel or gas oil and heavy Mexican fuel oil. This report has to do
only with gas oil as the raw material and covers three runs made in the
experimental plant at Montréal.

After a preliminary survey of the plant a general plan for carrying
out the experimental runs was adopted, namely, that the Chief Engineer
and his assistants should proceed to make a seriés of runs under the obser-
vation of the representatives of the Fuel Testing Laboratories, who checked
all oil measurements and operation data. . Data sheets are attached for
the complete runs, as well as volume and weight balance sheets. A photo-
graph of the plant and diagrams of the process are given in order to make
the descriptions more easily understood.

DESCRIPTION OF PROCESS

The Ramage process is a process for converting the heavier petrol-
eum oil products into lighter oil products suitable for use as fuel in internal
combustion engines. The term "Hydrogenation" has been applied to the
process, but the writers have not yet sufficient data to enable them to
express an opinion as to whether the process may be properly so described
or not.

Briefly the process consists of passing petroleum vapour mixed with
steam in certain proportions over ferric oxide heated to a temperature of
about 1,000° F., then fractionating, and condensing the resultant product.

In most processes for the production of motor fuel from heavy petrol-
eum oils the reaction takes place with the production of uncondensable
gases and free carbon. This free carbon if allowed to accumulate often-
gives serious trouble. In the Ramage process the accumulation of free
carbon is apparently prevented by the use of steam. It is to be noted,
too, that the reaction in the Ramage process takes place at pressures that,
are only slightly above atmospheric pressure, whereas some processes.
require upwards of one hundred, and fifty pounds pressure per square
inch.

84376-5§
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The chemical reactions taking place in the Ramage process are coin-
plex. It is claimed that the ferric oxide is reduced to ferrous oxide at the
temperature and under the conditions prevailing in the converter; that
the oxygen so liberated combines with the carbon formed due to the disas-
sociation of the hydrocarbons, which takes place at the temperature main-
tained; that the steam also disassociates at this temperature, liberating
oxygen which oxidizes the iron back to the ferric condition and so leaves it
ready for further reaction on additional heavy oil vapour. It is not the
pur pose of this report to enter into `a discussion of the theory of these
reactions, nor is a sufficient amouiit of data available at the present time
to warrant such a discussion, bût the absence of any appreciable deposit
of carbon in the appaæatus. is worthy of note, as well as the presence of
hydrogen, of carbon inonoxide and carbon dioxide in the uncondensed
gases. It may be pointed out, too, that the ferric oxide before being used
in the process is of a characteristic red colour .and the lumps are rather
easily crumbled;. after use the oxide is dull black in colour and can be
crumbled only with difficulty. The black oxide appears to react satis-
factorily in the converter for an indefinite length of time.

DESCRIPTION OF PLANT

The plant of The Nations Oil Refineries at Montreal East may be
described under three headings, namely:-

(a) Power House.
(b) Experimental Plant.
(c) Tank and Accessory Equipment.

Power House . `
The Power House was a large building which housed steam boilers and

accessories, designed to supply power and steam for a refinery which was
in process of construction. The boilers were heated with oil fuel. An air
compressor, driven by electric power, supplied air for the burners. A small
laboratory was fitted up in a corner of the power house.

Experimental Plant
The Experimental Plant was a semi-commercial unit and may be

considered in three parts, namely:-

(a) The Converter System.
(b) The Scrubber System.
(c) The System for Chemical Treatment.

Converter System.-The Converter System was composed of the
following units suitably joined together:

i. A cylindrical still or tank, heated with oil burners.
ii. A converter furnace composed of four tubes to contain the oxide,

with provision made so that the temperature of the tubes could be con-
trolled within narrow limits.

iii. Two upright fractionation towers.
iv. A condenser cooled with water.
v. A separator, or receiver for the condensate.
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Scrubber System.—The Scrubber System  was made up of the following 
units suitably joined together:— 

i. An ordinary gas holder and direct reading gas meter. 
ii. A steam-driven compression pump, a cooler, ice condenser, and 

pressure tank. 
iii. Two scrubber towers. 
iv. An oil-fired still, reflux tower, a water-cooled condenser, and a 

separator or receiver for the condensate. 
v. A heat exchanger to preheat the incoming scrubber oil and to cool 

the effluent still bottoms. 

System for Chemical Treatment.—The system for chemical treatment 
consisted of two conical agitator tank ,  with suitable connexions to draw 
off the sludge after treatment and to handle the semi-refined light oil. 

Tank and Accessory Equipment 

Eight iron storage tanks for crude or gas oil were conveniently located. 
The tanks were cylindrical and set on end. Proper connexions were made 
for filling and emptying them. A separate large cylindrical iron tank, set 
horizontally, was used as storage for fuel oil for the oil burners. Double 
action steam-driven pumps of various sizes were used wherever necessary 
to transfer oil to the various parts of the plant. The miscellaneous equip-
ment included such necessary articles as, thermometers, gauges, measures, 
steel drums, pails, tools, supplies, etc. 

CYCLE OF OPERATIONS 

The cycle of operations as carried out at Montreal may be described 
under three headings, namely:— 

(a) Converter System. 
(b) Scrubber System. 

• (c) System for Chemical Treatment. 
In order that the description may be followed more readily, a diagram 

of the process and a flow sheet of the products is shown in Figures 4 and 
5 respectively. 
Converter System 

Gas oil or fuel oil is pumped from storage tank 4 into still 11, until 
the still is about one-half full. The oil burners under the still are then 
lighted and the oil heated until a pressure of eight to ten pounds per square 
inch is developed within the still. The petroleum vapour is then admitted 
to the converter manifold where it is mixed with steam from the power 
house at about twenty pounds pressure per square inch. The mixed vapours 
are then forced through nozzles into the converter tubes, which have been 
heated to a temperature of about 1000° F. The mixed vapours pass 
through the tubes over the ferric oxide cubes, where part of the heavy 
petroleum vapours of the gas oil is altered or converted into vapours of 
lighter oils. 

The vapours resulting from the converter reaction pass into tower 1 
at  the base and flow upward. From the top of tower 1 the vapours are 
led to the base of tower 2, where they flow upward a,gain, through tower 
2 and thence to condenser 1. In condenser 1 the greater part of the 
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vapours is condensed and passed on to separator 1, which has previously 
been charged with thirty to thirty-five gallons of any light petrolemn oil, 
such as kerosene, gasoline, or the product of a previous run. This is to 
prevent a sudden rush of vapour through the condenser into the gas lines. 
The  condensate which is caught in separator 1 contains a certain amount 
of water which settles to the bottom of the separator and can be drawn 
off separately from the light oil condensate. The uncondensed gases rise 
to the top of the separator and pass on through meter 3 to the gas holder. 

In both tower 1 and tower 2 a certain amount of unconverted oil con-
denses on the walls and falls tb the bottom of the towers. This oil which is 
called tower bottoms, is returned to still 11 continuously to be vapourized 
and again passed through the converter tubes. By mixing with these 
still bottoms the necessary amount of gas oil to replace what has been 
converted, the process may be made practically continuous in so far as 
the converter system is concerned. 

Scrubber System. 
The gas compressor draws the gas from the gas holder, compresses 

it to about forty pounds pressure per square inch, forces it through the 
water-cooling system and ice condenser into the pressure tank, in which a 
certain amount of liquid condenses due to the pressure and low tempera-
ture. The residual gas then passes up through one scrubber tower, is 
brought down to the base of the other tower, passes up through it, then 
through meter 4 and is discharged into the air as stripped gas. It is 
intended to use the gas as fuel when the plant is completed. 

While the gas passes up through the scrubber tower gas oil from the 
storage tanks is pumped to the top of the second tower and allowed to 
flow down counter current to the gas. As fast as it collects.  at the base 
of the second tower it is pumped to the top of the first one ançl again flows 
down to wash the rising gas free of light oils. This scrubber oil with its 
charge of absorbed light oils is then pumped through the inner part - of the 
heat exchanger into still 12. In still 12 the absorbed light oil is distilled 
off through tower 3, and the hot residual gas oil is pumped out of still 
12 through the outer part of the heat exchanger back to the storage tanks 
again. The light  cil  vapours pass up through tower 3 to condenser 2 
where it is condensed and passes on to separator 2. Any uncondensed, 
gas rises to the top of separator 2 and passes out to unite with the gas 
from separator 1. The mixed gas then passes through meter 3 and so to 
the gas holder again. 

Chemical Treatment 
The mixed light oil condensate from separator 1 and separator 2: 

is transferred to one of the agitator tanks and treated first .with concen-
trated sulphuric acid and then with caustic soda-litharge solution. After 
the resultant sludge has been drawn off the lightioils are distilled froan 
still 12 at intervals. 

RAW MATERIALS 

The raw materials used in the Ramage process may be .  included in 
three groups, namely:— 

(a) Gas Oil. 
(b) Ferric Oxide. 
(c) Fuel Oil. 
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Gas Oil 
The oil used as the basis of the process at Montreal was what is known 

as gas oil, which may be described as a partially refined petroleum product 
intermediate between illuminating oils and the heavier fuel oils. It may 
be also described as a light fuel oil. The oil used for the runs observed 
had a specific gravity of 0.890 at 60°F. and an initial boiling point of 
about 320°F. The lower part of the average distillation curve is shown in 
Diagram VI. 

Ferric Oxide 
The ferric oxide used for filling the converter tubes  was  a good grade 

of powdered red oxide of iron. Analysis showed only a trace of sulphur 
as impurities. The powdered oxide was mixed into a paste with water, 
cut into cubes and allowed to air dry. When dry they were rather friable 
but were nevertheless hard enough to stand ordinary handling. The 
cubes so prepared were placed in the converter tubes. 

Fuel Oil 	 • 
The fuel oil used to generate steam and to heat the stills and converter 

furnace was ordinary fuel oil with a specific gravity of 0.877 at 60°F., a 
flash point of 140°F., and an initial boiling point of 295-300°F. A heavier 
oil was also used but with less satisfaction, apparently because it was 
difficult to atomize it properly with compressed air. 

FINAL PRODUCT 

The product examined by the writers at Montreal was a clear, colour-
less, mobile liquid with a peculiar aromatic-like odour. It was called, 
Super Gas, at The Nations Oil Refineries" 

A sample of a run previous to the runs witnessed by the writers had a 
specific gravity of 0.770 at 60°F., and a distillation range of from 111°F., 
initial point, to an end point of 334°F. The light oil product from runs 
6, 7, and 8, before chemical treatment, showed a specific gravity of 0.809 
at 60°F., and a distillation range of from 153°F. to 514°F. It was yellowish 
brown in colour. Both the refined and the semi-refined product gave an 
iodine number of over 31. 

It will be seen from the above analysis that super gas differs from 
ordinary gasoline as sold on the Canadian market, especially in regard to 
the specific gravity. Ordinary gasoline with a similar distillation range 
-would have a specific gravity of approximately 0.710 to 0-750 at 60°F. 
Super gas also is different from ordinary gasoline in that it is miscible to 
a large extent  with  denatured ethyl alcohol, while gasoline is miscible to 
a very small extent. 

The super gas produced at the plant at Montreal appeared to be a 
very satisfactory fuel for internal combustion engines, such as the auto-
mobile motor. The motors ran smoothly, but no definite test was made. 
Diagram VII shows 3 distillation curves for comparison. 

SUMMARY OF OPERATING DATA 

Three complete runs were made in the plant described above. These 
were called runs 6, 7, and 8 respectively. The.following is a summary of 
the operating data. 
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Date of experimental run ........................................
Actual duration of run, hours .....................................
Average pressure at steam orifice, pounds ........................
Average pressure at oil still, pounds ..... ... ... . ..... . . .. .. . . .. .. .
Average temperature, still No. 11, ff.) ..........................
Average temperature front of converter, (°I'.) . . ... .. ... . .. .... .. . .
Average temperature rear of converter (°b') ........ .. . . .. .. . .... . .
Average pressure rear of converter, lbs ...........................

Rwi 6

Aug. 16
7

23•3
9•5
544

1,105
1,120

1•4

Run 7

Aug. 22

20 51
10•2
564

1,040
1,081

0

Il,un 8

SUMMARY OF RESULTS

Aug. 23
5}

19.5
11•2
526

1,050
1,082

1.3

Overall Efficiency

The purpose of the process is to obtain light oils suitable for use as
motor fuels fro n heavy petroleum oils. The total amount of light oil
.obtained in the three runs was 165 gallons, as shown in Table IV. If a
final product with an end point of 450°F. be considered a satisfactory
fuel for motors, it is to be observed from Tables XVII-XIX that the light
oil condensate from the separators requires a further fractionation in
order to remove the heavy ends. It is shown in Tables IV, V, and VI that
only 76 per cent of the,total light oil, or 126 gallons for the three runs, was
obtained which distilled over below 450°F. The total amount of oil
charged in the three runs was 3,274 gallons, as shown in Table I. ^Thus the
overall efficiency for the three runs was slightly less than 3.9 per cent.
As by-product, also shown in Table I, there was produced 415 gallons of
heavy fuel oil, and 6,718 cubic feet of gàs, which had an average calorific
value of 610 British thermal units per cu. ft. of gas.

Efficiency of the Converter System

The object of the converter system is to produce a light oil, which
after suitable treatment may be used as a motor fuel. As shown in Table
II, the totaLamoùnt of light oil obtained from separator 1, during the three
runs, was 32.6 gallons. In order . to obtain that -amount, over 586 gallons
were treated in still 11. Table V shows that 99 per cent of the condensate
from separator 1 had a distillation end point below 450°F., that is, approxim-
ately 32 gallons. Thus the converter system yielded 5- 6 per cent of light
oil boiling below 450°F. from 586 gallons of raw oil. The by-products
obtained were 415 gallons of fuel oil somewhat heavier than the raw oil used
to charge the still, as shown in Table I, and part of 15,100 cubic feet of
unstripped gas with a calorific value of 705 British thermal units per
ou. ft., as shown in Table II.

Efficiency of the Scrubber System

The purpose' of the scrubber system is to recover in liquid form as
much oil as possible,from the uncondensed gases from separator 1. The.
design of the, plant, however, makes any attempt to determine the efficiency
of the scrubbers vély difficult, because the gas measured by meter 3 comes
from two sources, namely: (a) the Converter System, (b) the Scrubber
System:. If this fact is kept in mind it may be possible to form some
estimation of the degree of efficiency of the system, but such estimation
can only be considered as apprôximation.
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From the two sources 15,100 cubic feet of gas were obtained. The 
total amount of light oil from the three runs, boiling below 450°F., as 
sho-wn in Table VI, was 88.3 gallons from separator 2 and 4•4 gallons 
from the pressure tank, making a yield of  92.7 gallons from the scrubber 
system. In order to obtain that araount of light oil, 2,687 gallons of 
scrubber oil was handled, as shown in Table II, shovving a percentage 
yield of 3.5. It seems obvious from Table IX and Diagram VI that a 
large proportion of the above yield is due to the low initial boiling point 
of the scrubber oil. Table XI shows the oil used or obtained per 1,000 
cubic feet of gas treated. 

Efficiency of Converter 
The purpose of the converter is to convert or alter a heavy petroleum 

oil into light oils suitable for motor fuel. It is to be observed from Table 
IX that the gas oil used as raw material had an average initial boiling 
point of 320°F. It follows then that only that portion of the condensate 
boiling below 320°F. may be taken as a whole as a converted product. 
However, it is likely that some of the higher boiling fractions of the gas 
oil are converted to lower boiling fractions, which, although lower in 
boiling point than the fraction froin which they have been split off, are 
nevertheless higher in boiling point than those fractions which boil at the 
initial boiling point of the gas oil. The ainount so converted could not be 
ascertained with any degree of exactness. The writers therefore assumed 
that the light oil boiling below 350°F. was equivalent, for all practical 
purposes to the amount of light oil converted by the converter. The con-
verter efficiency may be obtained therefore by determining the amount of 
light oil boiling below 350° F. in the products coming through the converter 
and expressing that amount of light oil as per cent of the heavy oil entering 
the converter. In the runs under observation, Tables XII and XIII 
show that 298.7 gallons of oil passed through the converter, and that 
78.1 gallons of light oil, boiling below 350°F., were obtained. The yield 
was, therefore, 26.1 per cent. 

COMMENTS 

Design of the Plant and Apparatus« 
The writers observed several details in design of the plant which 

seemed of doubtful value for experimental purposes. One of them was 
the connexion between separator 1 and separator 2 to which reference 
has already been made. This connexion resulted in gases from the 
scrubber system mixing with those from the converter system and made.it 
practically impossible to estimate the efficiency of the scrubber system. 
It also left the writers at a loss in regard to interpretation of the analyses 
of the gases since neither the relative amounts nor difference in composition 
of the gas produced by the two systems could be determined. It also 
permitted during run 7 the absorption of some of the gas by the charge of 
light oil in separator 2 without those gases passing through meter 3. 

The latter resalt suggests inefficient operation of condenser 1, or of 
separator 1, and the writers incline to the opinion that the design of the 
separator might be improved. As mentioned earlier in this report the 
uncondensed gases and condensed liquid from condenser 1 were led to the 
bottom of separator 1 and below the surface of the liquid in the separator. 
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This operation resulted in the uncondensed gase,s being saturated with vapours 
of the'condensate and possibly,carrying over some liquid .mechanically., 

Operating Difficulties 	• 

The writers also foresee a certain number of operating difficulties, 
for instance, the possible bleclang of the converter tubes. In the con-
vertu as operated at Montreal. partial or complete plugging of a tube 
may take place without being deteCted until an appreciable decrease in 
the output is apparent. The liberal use of pressure gauges will of course 
aid in ideating trouble of this kind but will not prevent its occurrence. 
The practice of blowing compressed air through the tubes at intervals 
was adopted at Montreal after the trouble was encountered and appeared 
to remove the sulphur compounds from the catalyst. It would also tend 
to remove any free carbon which might be formed. Whether or not this 
practice would prevent plugging of the tubes completely can, only be 
proved by trial. 'Anether difficulty likely to appear would be that of 
filling the tubes with the oxide in such a way that equal amounts of. vapour 
could pass through each tube. This 'difficulty will likely increase in prci-
portion to the number of tubes operated frem one manifOld. It is possible 
that radical improvements in the tube design and in the catalyst carrier 

.maY be developed, such as impregnating sponge iron with, thé ferric oxide 
and supporting it in the tube in such a way that the 'resistance to the 
flow of the vapours is decreased and the transference of heat improved 
witho,ut lessening the intimate  contact of the vapours and the catalyst. 

CONCLUSIONS 	 " 
• 

1. The Ramage process, .using heavy petroleum  as raw material, 
yields a product which has ,charaCteristics differing somewhat from those 
of ordinary gasoline on the market at present. 

2. A yield of 165 Imperial gallons of semi-refined light oil was obtained 
as the main product from approximately 3,300 gallons of gis oil in three 
runs at the experimental plant in Montreal. , 

3. The by-products obtained from the three runs cOnsisted of 415 
gallons of fuel oil heavier than the gas oil used  and  approximately 6,700 
cubic feet of 

b
ous with a heatIng. value of over 600 B.T.TJ. per cubic foot. 

4. The estimated amount of redistilled motor fuel to be obtained 
frein the above 165 gallons is 126 gallons, no allowance being made in 
that estimation for chemical treatment and subsequent refining losses. 

5. One gallon of motor ,  fuel, boiling below 450°F., was obtained .by 
handling 4.7 gallons of oil in the vapourizing still, and an additional 21.3 
gallons in the scrubber system. 

6. The converter efficiency was 26.1 per cent, which means that for 
•• every 100 gallons of gas oil, boiling above 350°F., that passed through the 

converter, :only a little more  than 26 gallons of light oil, boiling below 
356°F., were  produced. 

7. The writers consider the process was still in the development 
stage at the  time  of their visit. The development of the 'converter tubes 
in particular as catalyst carriers will have to proceed with care in - order 
to overcome the difficulties now foreseen. 

,8. The economical development of the process will necessarily depend 
Upon the market conditions Of the particular products obtained in com-
-parison viith the heavy oils used as raw material. . 
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TABLE I.

Summary of Volume Balance
Gas oil used:-

As raw material ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587 gallons
As scrubber oil .......................:...................... 2,687 "

Total ....................... .......... 3,274 «

Gas oil recovered:-
As heavy fueloill ............................................ 415 gallons
As spent scrubber oil1 ......................................... 2,564
As intermediate oil (over 450°F.) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 "

Total ............................................... 3,018 «

Loss of gas oil2 ................................................... 256 gallons
Motor fuel' obtained (below 450°P'.) . . ... .. . . . . . . . . . . . . . . . . . . . . . 126 "

Stripped gas ..................................................... 6,718 cubic feet

'The fuel oil and scrubber oil recovered had a higher specifle gravity and a higher initial boiling point than the
raw material used.

2 To this figure must be added the fuel oil necessary to heat the stills, boiler, and converter and to provide
power to operate oil pumps and air compressors,

a No allowance has been made for loss through chemical treatment and subsequent refining losses.

TABLE, II
Volume Balance

Imperial gallons at 60°P.
R Nun o.

6 7 8 Total

Oil Charged-
(a) Raw oil charged to stil111 ............. 217•5 192•0 177•0 686•5
(b) Raw oil charged to scrubber.......... 1,061•0 815•0 811.0 2,687•0

Total oil charged ..................... 1,278•5 1,007•0 988•0 3,273•5

Products Obtained-
(a) From converter system-

Sti1111 bottoms ...................... 113•6 66•0 70•0 249•6
Dripsfrom converter ................. 6•2 15•7 16•3 38•2
Tower 1 bottoms ..................... 18•4 17•4 29•2 65.0
Tower 2 bottoms ..................... 10•5 38•9 12.8 62•2
Separator 1 gain ..................... 14•1 12•7 5•8 32•6
Unstripped gas .... . . . . . . . . . . . . . . . . . . . . 7,910 c.f. 4,357 c.f. 2,840 c.f. 15,107 c.f.

Total oil from converter system....... 162•8 150•7 134.1 447•6

(b) From scrubber system-
Compression oil ... . . . . . . . . . . . . . . . . . . . . 2 • 3 1.1 1.0 4.4
Separator 2 gain ...................... 56•0 7•3 64•8 128.1
Oil recovered ......................... 1,016•0 823•0 725•0 2,564.0
Stripped gas .......................... 3,766 c.f. 2,194 c.f. .758 c.f. 6,718 c.f.

Total oil from scrubber system........ 1,074•3 831•4 790•8 2,696.5

Total oil from converter system....... 162•8 150•6 134.1 447.6
Total oil from scrubber system....... 1,074•3 831•4 790•8 2,696•5

Total oil pr•oducts obtained........... 1,237•1 982.0 924•9 3,144.1.

Total oil charged ..................... 1,278•5 1,007•0 988•0 3,273.5
Total oil products obtained........... 1,237•1 982.0 924•9 3,144.1

Loss .................................. 41.4 25•0 63•1 129.4

Per cent loss .......................... 3•3 2•3 6•4 4.0
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TABLE III 

Weight Balance 

Weight in pounds 
Run No. 

6 	7 	8 	Total 

Oil Charged- 
(a) Raw oil charged to still 11.  	1,031 	1,707 	1,576 	5,214 
(b) Raw oil charged to scrubber 	9,443 	7,253 	7,112 	23,808 
(c) Unstripped gas 	472 	260 	170 	902 

4.• 	  
Total oil charged 	11,846 	9,220 	8,858 	29,924 

Products Obtained- 	' 
(a) From converter system- 

Still 11 bottoms 	1,038.3 	617.1 	650.3 	2,305.7 
Drips from converter 	53.9 	139.1 	143.6 	336.6 
Tower 1 bottoms 	168.4 	164.1 	260.0 	592.5 
Tower 2 bottoms 	90.2 	345.8 	108.4 	544.4 
Separator 1 gain 	119.3 	100.3 	47.3 	266.9 
Unstripped gas  	472.0 	260.0 	170.0 	902.0 

Total from converter system 	1,912.1 	1,626.4 	1,379.6 	4,948.1 

(b) From scrubber system- 
Compression oil 	18.3 	8.7 	7.6 	34.6 
Separator 2 gain 	466.0 	54.8 	540.0 	1,060.8 
Oil recovered 	9,032.2 	7,325.0 	6,467.0 	22,824.2 
Stripped gas 	169.0 	121.0 	41.0 	331.0 

Total from scrubber system. 	 • 	9,685.5 	7,509.5 	7,055.6 	24,250.6 

Total from converter system ,   	1,942 	1,626 	1,380 	4,948 
Total from scrubber system 	9,686 	7,510 	7,056 	24,252 

Total products obtained 	11,628 	9,136 	8,436 	29,200 

Total oil charged 	11,846 	9,220 	8,858 	29,924 
Total products obtained 	11,628 	9,136 	8,436 	29,200 

Loss. 	218 	84 	422 	724 

Per cent loss 	1.8 	0.9 	4 •8 	2.5 

" TABLE IV 

Gallons of Light oil Obtained 

Run No. 	 6 	7 	8 	Total 

Pressure tank 	2.3 	1.1 	1.0 	4.4 
Separator 1 	14.1 	12.7 	5.8 	32.6 
Separator 2 	56.0 	7 •3 	64.8 	128.1 

Total 	72.4 	21.1 	71.6 	165.1 



Oil drawn 
Net 

light oil ' Oil charged 

Run Gals. 
below 
450°F. 

Gals. 
meas-

. ured 

% Vol. 
below 
450°F. 

Gals. 
below 
450°F. 

Gals. 
meas- 
ured 

% Vol. 
below 
450°F. 

Gals. 
below 
450°F. 

88.3 Total 

TABLE VI 

Gallons of Light Oil Boiling Below 450° F. 

Run No. 	 6 	7 	8 	Total 

Pressure tank 	2.3 	1.1 	1.0 	4.4 
Separator 1 	14.4 	12.7 	5.8 	32.9 
Separator 2 	37.6 	6.4 	44.3 	88.3 

Total  	54 • 3 	20.2 	51.1 	125.6 

Total light oil obtained = 165 gallons. 
126 x 100 

Percentage of light oil below 450°F. - 	 
165 

- 76%. 

TABLE VII 
Light Oil from Separator 2 (Below 450° F.) 

No. 6 	  
No. 7 	  
No. 8 	  

89.0 
40.6 
98.1 

66 
95 
77 

61.4 
38.6 
75.6 

33.0 
33.3 
33.3 

72 
97 
94 

23.8 
32.2 
31.3 

37.6 
6.4 

44.3 

Oil drawn 
Net 

light oil Oil charged 

Run Gals. 
below 
450°F. 

Gals. 
meas- 
ured 

% Vol. 
below 
450°F. 

Gals. 
below 
450°F. 

Gals. 
meas- 
ured 

% Vol. 
below 
450°F. 

32.9 Total 

Gals. 
below 
450°F. 

No. 6 	  
No. 7 	  
No. 8 	  

47.1 
46.0 
39.1 

97.5 
100.0 
100.0 

45.9 
46.0 
39.1 

33.0 
33.3 
33.3 

95.5 
100.0 
100.0 

31.5 
33.3 
33.3 

14-4 
• 12.7 

5.8 
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TABLE V 
Per cent of Light Oil Boiling Below 450° F. 

Run No. 	 6 	7 	8 	Average 

Pressure tank 	100 	100 	10.0 	100 
Separator 1 	97 	100 	100 	99 
Separator . 2 	69 	95 	77 	80.3 

TABLE VIII 
Light Oil from Separator 1 (Below 450°F.) 

84376-6 
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TABLE IX

Initial.Boiliug Point-.of Oils,

Run No.

Gas oil°I' .............................................
Scrubber oil°P' .:.....................................
Stil111 bottoins°P .......................... ,..... ......
Still'12 bottoins°I' ........................:...........

Imperial gallons at 00°I'.

TABLE, X
Gas and Oil Prodiiced'fiom Scrubber System

Run No..

Volume of gas through meter 3 in cubic feet ...........
Volume of gas through meter 4, in cubic feet...........
Volume of scrubber oil used in gallons ... . . . . . . .. . .. . . .
Oil obtained from pressure tank, in gallons .............
Liglitoil from separator 2 (below 450°F.) in gallons....

Total light oil from separator 2 and pressure
. tank . . ......... . ....................

Light
oil

below
350°P.

TABLE XI
Oil Used or Obtained, per 1,000 cu. ft.. of gas

0
0
0

Gallons
per 1,000 c.f.

of gas
. , . ., . .. . ^- ... ,. ,.

Total light oil from gas ....................................... .... . ._..........
Light oil from uressure tank .......... .......................'..'...................
Scrubber oil handled .............................................................

TABLE XII
Converter );fficïency

Run 6

Raw gas oil-
Charged to still 11. . . .. ... . ^. . .
Still 11 bottoms .. . . . . . : : . . . .
Drips not entering converter.

Net raw oil through con-
verter.....'..........

Products-
Tôwèr I and 2 bottoms:.....
SepaY•ator 1 net'oil. ...........
0111rom pressure
Separator.2 net oil.. ... . ... . . . .
Scrubber oil iiicrease:..'.'... . .

Total'light oils-, ,
•P'rom converter...,..•...:....
As; % of net oil tbi•ough con-

.:. verter ...................

Gals.
as

meas-
ured

•217•5
1Y3•0.
6.2

97•7

6

304
322
392
374

0

7,910
3,766
1,061
2.3
38•0

40•9

7'

7

4,357
2,194

815
1•1
7•1

8•2

8

325
329
491
361

8

2,840
758
811
1•0

40•9

50•0

Average

320
325
466
308

Total

15,107
6,718
2,687
4•4 .

, Jb•G

100•0

0•0
0•3

149•0

Run 8Run 7

Gals.
as

meas-
ured

Light
oil

below
350°F.

Gals.
as

meas-
ured

192,0,
w0.
15.7

110•3

1•55
'10•76
2•30
12•O1

27•52

28.0%

50•3
12•7
1.1

.7•3
i 8•0

.;.â
0

0

5•45
6•21
1•10
0•43
8 23

27'•42

24•8%

177•0
70•0
10•3'

90•7

Light
oil

below
350°D'.

0
0
0

0

3.45
4•18
1^00

14•58

23•21

25•0%



Imperial gallons at 60°F. 

Run No. 

Total 6 7 8 

Net raw oil through converter 	  
Net light oil obtained 	  
Percentage net light oil 	  

97.7 
27.5 

28.0% 

110.3 
27.4. 

24.8% 

90.7 
23.2 

25.6% 

• 298 • 7 
78.1 

26.1% 

Light oil 
Imp. 	Sp. Gr. 	 below 350°F. 

Na,me of product 	 gals. at 	at 	Deg. Be. 	  
60°F. 	60°F. 	 % 	Imp. 

Vol. 	gals. 

Raw gas oil charged 	217.5 	0.888 	27.7 	0 	0 
Still 11 bottoms 	113.6 	0.914 	23.2 	0 	0 
Drips from converter 	6.2 	0.869 	31.1 	0 	0 
Tower 1 bottoms  	4.0 	0.915 	23.0 	5 	0.92 
Tower 2 bottoms 	14.4 	 
Tower 2 loss  	10.5 	0.859  	6 	0.63 
Separator No. 1 	  

Oil charged 	33.0 	0.836 	37.5 	68.0 	22.44 
Oil withdrawn.  	47.1 	0.839 	36.0 	70.5 	33.20 

Net oil-separator 1 	14.1  	 10.76 

Compression oil 	2.3 	0.797 	44.1 	100.0 	2.30 
Separator No. 2- 

Oil charged 	33.0 	0.829 	38.9 	- 	31.0 	10.23 
Oil withdrawn 	89.0 	0.831 	38.5 	26.0 	. 	23.14 

Net oil-separator 2 	56.0  	 12.91 

Scrubber oil- 
Tank 4, before run 	1,061 	0.890 	27.3 	0 	0 
Tank 3, after run 	1,016 	0.889 	27.5 	0 	0 

2435 
2436 

Lab. 
No. 

2424 
2433 
2428 
2429 

2427 
2430 

2438 

2424 
2431 
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TABLE XIII 

SummarY of Convert& Efficiency 

TABLE XIV 

Analyses of Samples. Run No. 6 

Unstripped gas = 7,910  eu.  ft. Density = 0.74 (air = 1). 

Stripped gas = 3,766  eu.  ft. 	Density = 0.56 (air = 1). 
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TABLE XV
Analyses of Samples. Run No. 7

Light oil
Imp: Sp. Gr. below 350°r.

Lab. D B
-

N Name of product gals. at at eg. e.
o. 60°F. 60°r. % Imp.

Vol. gals.

2448 Raw gas oil charged ................. 192•0 0•889 27•5 0 0
2449 Sti1111 bottoms ..................... 66•0 0.935 19•7 0 0
2450 Drips from converter ................ 15•7 0•886 28•0 0 0
2460 Tower 1 bottoms .................... 17•4 0.943 18•5 0 0
2461 Tower 2 bottoms .................... 38•9 0•889 27•5 14•0 5.45

Separator No. 1-
2451 Oil charged ............. ..... ..33•3 0•796' 45•9 78.0 20c9.7
29452' - Ofl withdi•a`vn .................... 46•0 0•796 45•9 78•0 36•18

Net oil-separator 1 ................ 12•7 6.21

2455 Compression oil ..................... 1•1 0•766 52•8 100.0 1•10
Separator No. 2-

2453 Oil charged...................... 33•3 0.805 43•9 77•0 25•64
2454 Oil withdrawn ................... 40•6 0•795 46•1 79.0 32•07

Net oil-Separator 2 ................. 7•3 6.43
Scrubber oil-

2450 Tank 4, before run ............... 815•0 0•800 • 27•3 0 0
2457 Tank 3. after run ................ 823•0 0•890 27•3 1.0 8•23

2459
Unstripjied gas3 = 4,357 cû. ft.
Striliped gas = 2,194 cu.ft. Density = 0.685 (air = 1).

1 Sample bottle broken in transit.

TABLE XVI
Analyses of Samples. Run No. 8

Light. oil
Imp Sp. Gr. below 350°F.

Laki
.

D B
N

Name of product gals, at at eg. e.
o 60°I'. , 60°I'. % Imp.

Vol. gals.

2462 Ratv gas oil charged ................ 177•0 0.890 27•3 0 0
2463 Sti11.11 bottoms ..................... 70•0 • 0•929 20•7 0 0
2466 Dripsfi•miz eonverter ................ 16•3 0•881 28.9 0 0
2475 Tower 1 Uottoms .................... 20•2 0.890 27•3 0 0
2476 Tower 2 liottoms .................... 12•8 0.847 35.3 27 0 3•45

Separatdr No. 1-
2470 Oil charged ...................... 33•3 0.797 45.8 79.0 26•31

2471, Oil withdrawn ................... 39•1 0.800 45•0 78.0 30•49

Net ôil-separator 1 ................. 5•8 4.18

2474 ......Compression ofL ............. 1•0 0.762 53•7 100.0 1••00
Separator No. 2-

2472 Oil charged ...................... 33•3 0•705 46•1 77 25•64
2473. Oil withdrawn.................... 08•1 0•821 40•5 41 40•22

Net oil-separator .2 . . . . . . . . . . . . . . . . 64-8 . 14 • 58

Scrubber oil-
2464 Tank, 4 before rmn ............... 811 0-801 27•1 0 0
2ea K TA„t A.4- ,,,, _ 726 0- R02 27.0 . 0 0

Unstripped gasi = 2,840 cu. ft. (1701bs.).
Stripped gas' = 758 cu. ft. (41 lbs.)

I Samples not taken.



Distillation Range 
Sp. Gr. 

at 60 
°F. 

End 1st 
drop 

Raw gas oil 	  
Tower 1 bottoms 	  
Tower 2 bottoms 	  
Separator 1 before 	  
Separator 1 after 	  
Still 11 bottoms 	  
Separator 2 before 	  
Separator 2 after 	 
Pressure tank. 	  
Still 12 bottoms 	  

20% 
°F. 

90% 
°F. 

50% 
°F. 

628 
482 
474 

534 
563 
333 

576 
419 
404 

505 
513 
291 

460 

417 

228 
232 
502 
302 
324 
167 
457 

0.888 

0.915 

0.836 
0.839 
0 •914 
0.829 
0.831 
0.797 
0.890 

304 

286 
149 
149 
392 
113 
117 
115 
374 

520 

462 

300 
298 

408 
414 
196 
513 

516 
500 
437 
286 
280 

295 
282 
194 

527 
383 
383 

401 
399 
298 

424 
428 

462 
459 
324 

563 
455 
387 
392 

408 
500 
338 

424 
448 

464 
559 
338 
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TABLE XVII 

Analyses of Oils. Run No. 6 

TABLE XVIII 

Analyses of Oils. Run No. 7 

Distillation Range 

90% 
°F. 

Sp. Gr. 
at 60 1st 

drop 
20% 50% 

°F. 
End 

Raw gas oil 	  
Tower 1 bottoms 	  
Tower 2 bottoms 	  
Separator 1 before 	  
Separatm. 1 after 	  
Still 11 bottoms 
Separator 2 before 	  
Separator 2 after 	  
Pressure tank 	  
Still 12 bottoms 	  

0.891 
0.943 
0.889 
0.796 
0.796 
0.935 
0.804 
0.795 
0 •767 

331 
367 
221 
163 
113 
525 

97 
104 
95 

462 
457 
379 
230 
219 
574 
248 
232 
162 

TABLE XIX 

Analyses of Oils. Run No. 8 

Distillation Range 
Sp. Gr. 
at 60 End 

°F. 
1st 

drop 
20% 

Eaw gas oil 	  
Tower 1 bottoms 	  
Tower 2 bottoms 	  
Separator 1 before 	  
Separator 1 after 	  
Still 11 bottoms 	  
Separator 2 before 	  
Separator 2 after 	  
Pressure tank 	  
Still 12 bottoms  	

0.890 	325 	464 	523 
0.890 	399 	451 	484 
0.847 	205 	333 	385 
0.797 	131 	223 	282 
0.800 . 	131 	225 	286 
0.929 	491 	554 
0.795 	108 	234 	284 
0.821 	129 	282 	378 
0.762 	85 	147 	187 
0802 	361 	460 	525 

50% 90% 
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