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NORTHERN COAL MINES LIMITED
SUMMARY REPORT
February, 19473

General Statement:

The purpose of this report is to summarize the results of work done
on the company's property near Prince George, B.C., and to provide some

indication of the commercial posgibilities of the coal deposits thereon.

Property:

The company holds 19 contiguous coal licences, of approximately 1 square
mile each, situated 35 miles east of Prince George, B.C., and accessible by

gravel road, south of Highway No. 16.

Work to Date:

At least 42 holes were drilled prior to 1971, mainly near the southwest
margin of the coal basin. These indicated continuity of the coal measures for
a strike length of 2 miles. During this time, several hundred feet of underground
entries indicated thicknesses of 7 to 11 feet of fairly clean coal dipping about 45°

to the northeast.

In 1971, Bethlehem Copper Corporation Limited drilled 5 diamond drill
holes (1-7/8'" core) to a maximum depth of 2,200 feet, for a total of 7,474 feet.
This drilling confirmed the continuation of the coal measures northeasterly dip into

the basin and established the approximate northeasterly limit of the basin.
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Coal Reserves:

In 1967, Black (Ref. 3) estimated indicated and probable reserves
at 20,185,000 tong of coal in place.

Work to date, plus geological interpretation, allows a rough estimate

of the potential coal reserves underlying the company's licences.

a) I the known and probable extent of the coal measures partly tested
by drilling: 5-1/2 million tons per foot of seam thickness. Assuming an average
thickness of 9 feet in each of two seams, the calculation is 99 million long tons

of coal in place.

b) In adjoining areas possibly underlain by the coal measures, but untested

by driiling, the potential is 5 million tons per foot of seam thickness.

It is emphasized that the foregoing estimates (a) and (b) are possibilities
only; not calculations based on precise data. No meaningful calculation of total

recoverable reserves can be made at this time.

Coal Quality:

The rank is 'High Volatile B Bituminous' (Ref. 6). This coal is indicated
to be good qualify thermal coal (subject to some sulphur removal) and might be
suitable for blending with other coals to produce a good quality metallurgical coke

Ref. 6).
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a) Near South Edge of Basin

(

COAL ANALYSIS -~ AIR DRY BASIS

Underground
Middle Seam 11 feet
Top of Slope
400" Down Slope
Lower Seam
At rock slope

13 Drill Cores: (Average)
Raw Coal
Float (1.4) 86%
Sink (1.4) 14%

b) Basin Interior

Bethlehem Drill Cores
Average 19 Samples
in 4 Driil Holes

Moisture Ash V.U. F.C. B.T.U. S. F.S.1. Ref. No.
% % % % %

5.50 2.80 39.7 52.0 1.20 1.0 10
4.92 2,77 36.5 55.8 12,550 0.85 2.5 10
14.10 2.60 28.6 54.7 12,470 1.50 2.5 10
5]
7.96 1.29 5
4,66 1.22 5
22,86 1.79 5
9
24,63 36.73 42.0 11,000 1.39 ? 9



ESTIMATE OF DRILL-INDICATED COAL RESERVES

Per J. M. Black

September, 1967

BLOCK THICKNESS SHORT TONS
1 21! 2,626,000

2 29" 2,213,000

3 6.5 . 444,000

4 8! ) 291,000
5 14" 246,000
6 9! 129,000

7 19’ 6,211,000

12,160,000

Additional Estimate by L. S. Trenholme
December, 1972, based on revised interpretation of fault location.

8 9! 1,512,000

TOTAL DRILL INDICATED 13,672,000

Less: 10% Pinch-outs 1,367,000
NET INDICATED 1223051000

This estimate does not include "Probable Reserves" in adjoining areas of
widely-spaced drilling.



Comment

The higher ash content reported by Bethlehem is difficult to explain unless
more shale was included than was reported in the samples or, it may be due to an

increase of shaly material toward the centre of the basin.

It is also noted that no swelling tests were made by Bethlehem to indicate
coking characteristics and that no sink-float tests were made to indicate recovery

and ash content of clean coal.

Washability

A bulk sample tested in Japan for Nissho-Iwai Company indicated a
recovery of 85.6% clean coal with ash content of 7.3% which is considered to be

quite satisfactory (Ref. 8).

Resin Content

Dr. J. M. Black (Ref. 3) reports that bulk sampling indicated a soluble
resin content of about 4% and a similar amount of visible insoluble resin. The
Battelle Memorial Institute (Ref. 7) describes detailed tests of a highly technical
nature which suggest that these resins could be valuable products. A recent
letter (November 29, 1972) from Battelle confirms their interest in continuing

research.
A summary of their findings is as follows:

1. A distinction is made between two types of resin occurring in the coal.
a) Dark soluble '"Refined Regin.'

b) Visible insoluble "Amber Resin."
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2. All testing was done on the 'Refined Resin' which was found comparable
to Congo Resin for certain uses and which was priced at $0.21 to $0.28

per 1b. in 1967 ($0.24 to $0.33 in 1972).

3. It was indicated that the "Amber Resin'" might be the more valuable of

the two, but how much more valuable is not estimated.

4. Further research is required to determine the best extraction methods for
each of these types as well as their suitability for various industrial

applications.

If it can be assumed that the total resin content of the coal is 8% (160 1b.
per ton) and that an average price of $0.30 per Ib. would be obtained, then the

gross value of the washed coal may he calculated as follows:

160 1b. Resins @ $0.30 $48.00 per ton
Coal Residue (assumed) 12.00 per ton
Total Gross Value $60.00 per ton

Mining Conditions, General

A considerable amount of surface drilling would be required to establish

adequate continuity of individual coal seams to justify a large tonnage operation.

The known dips of 20° - 450 would make mechanized mining by current
methods costly. It is repox'l-:é;iwfﬁafwkéliser Resources Limited are having
considerable success with hydraulic mining of steeply pitching seams, so this

method should be kept in mind for possible use in the Northern Coal deposit.

.../6



Small Scale Mining Approach

Agsuming favourable results from technological and market research,

consideration should he given to mining on a small scale, say 300 to 500 tons

per day.

This would involve relatively low initial capital costs for the mining
plant because it would employ conventional underground mining equipment rather

than the very expensive coal mining units and their supporting equipment.

Also, coal sufficient for several years' operations could be obtained from

the immediate vicinity of the existing workings without extensive new development.

Future Possibilities

With the expected future shortage of cheap energy sources, consideration
could be given to a larger operation, probably using hydraulic mining. Additional
surface driiling would be required to establish regerves sufficient to justify the

installation of a thermal power plant or coal gasification plant at the site.
Respectfully submitted,
L. 8. Trenhc;;e

February 26, 1973

Vancouver, B. C.
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L. S. Trenholme - Statement of Qualifications

This will certify:

That I am a graduate of the University of Saskatchewan, B.Sc.,
(Geology) 1936, and of McGill University, M.Sc., (Geology) 1939,

That since graduation I have continuously (except 1942-1945) practised
my profession in mining and exploration geology,

That I have been in the employ of Brameda Resources Limited since
May, 1968, as exploration manager and staff geologist,

That my experience in coal exploration has been obtained through
3 years close association with the Sukunka Coal Project of Brameda
Resources Limited,

That I have made one visit to the property of Northern Coal Mines
Limited and have studied all significant reports relating to it and
have been one of its directors (unpaid) since 1971 and,

That 1 do not own any shares or other interest in Northern Coal Mines
Limited or its properties, other thamn an indirect inferest through
ownership of 1750 escrowed shares of Brameda Resources Limited,
which company owns 840,000 shares of Northern Coal Mines Limited,
nor do I expect to receive any further interest.

ety < 5 S en hohe

L. S. Trenholme

February 26, 1973
6746 Marguerite Street
Vancouver 14, B. C.
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November 29, 1972

Mr, L, S, Trenholme, Director
Northern Coal Mines, Ltd.

7th Floor, Board of Trade Tower
1177 W. Hastings Street
Vancouver 1, B. C., CANADA

Dear Mr. Trenholme:

As you know, your letter of November 3, 1972, addressed to Battelle Memorial
Institute was given to Mr, Neher because of his past research connections with
your company. Mr. Neher's letter of November 13, 1972, gave brief reply and
indicated that answers to your questions would be forthcoming. Since then, we
have discussed your past research program, and how we might proceed in the future,

Research on your resin in coatings, rubbers, and plastics applications would now
fall in the Division of Polymer and Paper Technology, of which I am a member.
Therefore, I have taken the liberty of replying to your letter.

The minimum weight of material desired for a new research program is estimated
as that quantity necessary to produce about 10 pounds of resin, If you know
the percent resin in the coal, you can readily calculate the quantity of coal
needed, If the research is at all extensive, 25 pounds of resin would be a
more reasonable amount to work with,

At this time we cannot give an estimate of cost of a new research program, It
will be necessary to plan the program carefully, and prepare a research proposal
before we can give a cost estimate. In this respect, it would be very helpful
to us to have you visit our Battelle-Columbus Laboratories to discuss possible
research approaches,

There is an outstanding indebtedness of $3,943.,75 for prior research carried
out for Northern Coal Mines, Limited. This research terminated in 1967, In
our last attempt to submit an invoice for this indebtedness it was returned to
us because address of company was unknowr.

Enclosed is a Xerox copy of a page from a recent issue of American Paint
Journal, which gives prices for some of the natural resins. However, synthetic
resins might provide more competition for your resins than would be experienced
from the natural resins, The paint industry went through a period many years
ago when synthetics largely replaced the natural resins. More recently, alkyds,
and then the water=-based resins replaced most of the oleoresinous varnish in
paints, Enclosed is a selected tabulation of imports of some natural resins,

which you should find very interesting.




Mr. L. S. Trenholme, 2 November 29, 1972
Please let us know if vou have any additional questions,.

Very truly yours,

LoLis J. ;>§Jgﬂé\Q?%,-'

Poiymgr and Paper
Technology Division

LIN: gm

Enclosures



Barrels ¢ne cent more.

*Yarnish—
Orange, 4-1b. cut,........E8L o —  as
B-lb. culd ,....... P D e T s
White, 4 l.b cub.iesnenas.EBL s = e
B-lb. Qb sesvvasrasanmsaneaiin e = e

tF.ob, New Yor
F.o.b. New Yort and Chleago for E&0-gallon
barrels. 4 bbla, or mare 5 cents less.

Varnish Gums and Resins

Natural Resins

Asphaltum—
Gllsonite, selects 100-1b. bops.
F.o.b, Cralg, Colo....... tun $61.50 == .

Ex-Wearehouse, bags R.Y.
O Nud. ceeineeennennasoton §145-165— .,

) 3T T | B T
e 1 M- 14

No. 3 ....... (RPN £« R 1 ]

1"
w

? eDamer—

Gingapore Mo, I Bags,....lb, 20 — 13
Singapore No. 2,.,........000 2T — 10
Bihgapora Duat ,..eve..eJJon AT — L1
*East Indis—
Prlo NUDS (.o iieraeaene-db, 23 — 23
Pale Chipa Ju. g - e
Rlack Held Ecrnpe fb., .11 — 20
Black Mubs and Ch Ju, 13— 6
Llack Onscraped Ju. 4 — 17
Batu Bold .. 1o, A8 — 19
Batu Nubs and Chlps,. dbe 1 — 14
*Pontianpk——
Nubs ....... 38— 38
ChiDS cvuvvvavrenavensssen.db, 23 — 28
“AManila—
Loba € suvesavsvanasasarasadb. 30 = 35
93] T | N 21— 28
T S | T ) N . )
TMA aeieeciir e iae cersneslbd 10— 22
’Phlllpplne !"ale Bold.......lb. 3 — .37
T Philllppine Pale Chips...... Ih, .29 == 27
Phillpplue Borta ........e.lb 10 — .02
Blemil aieiaeen eiaeran PP N P
WRCLA winerennnun. ceenil 22— 15

X~ warehouse or dock New York.

Synthetic Resins
Ch.!orlnated Rubber f.0.b. Parlin and Bayonne,

2Dcps weessersnsdb, LB1W— ..
125 eps., t.1 P 1 ) SlVe— .

Epoxy, Liguid, 100% -
rotids basls, tanka, deliv...lb, 4} -— .
Ester Oums—Ordinery— delivered,

Cl, ¢rums . . .ovenrianeaedb diW— L.
Loel, drums ...eovenvaeeadbd, 24— L
44

Ester Gums, PE C.l., drums,
fob. customer's siding....lb. .23%— .,
Loel, drums ...eciinnaceaadby 28— 4,
Styrene Hutadiens Copolymer Resins,
f.ob. Akron, Q. or Qary, Ind., min, frt, ppd.
—-109-240 secs, 33% % I xylol.
Tl evrernnncanscansannsanslbe 49— L

Orgam'c Acids

Fumulc Acld Dellvered, &, of Rockles.
C.\., bags, 80 lbs. ...-......lb A - ..

drums, 250 bssenssadb, 22—,

A, baz:. £ b8 .iuan...db. 22— L,

I.¢cl. drums, 250 iba..,,,.lb. A3%—~ ..
Iaophlhallc Acld, fo.b. sbipping point, Iretght

equalized with mchmond Callt,; Jollet, 1.,
and Porl Newnrk, N.J

Cl1. & t)., bags, 60 lbs...1b.  .16%—~ .,
Lel, bags ......ovuv, [} 10— ..
Malelc Anhycnde Dellvere " ot ltockles,
Tanks A3 — .,
cl, drum< 250 b3 Albe—s N
.1, bags, 5 20— L,
L.cl., £ 2 - .
Phthnllc Anhydrlde.
anks ... e == J0BY
Cl or tl, bugs. 50 ]bs e == 1%
L.cl., bs.gs, BD lbs...ian.. P 1
Polyhydric Alcohols
Qlyeerine, tanks divad,
High Oravity, natursl.,....0b. 21%~ .,
©P UBP §9¢5 HMatural,,....lb.  213— ..
Bynthetie nnhydrous #8.55%.1b. 21—

All bulk naturel hos ona

per eent trode allowance
Methyl €Hucoside, f.ob. Arge,

Ii1., cerlonds, 1CO-1b. hnga .lb

.0
l’enme:rym:rlr.ol technleal, divd., E.sor Rocl:lel.
L.c. PRI | -

Hono grade
C P | N e

0 [P | - .
Sm-blwl uqu!d (N T
1.0. . . e = 4w
Res[n grade pcllcta IOO

eolids, cd., drums, lob

WER,  iieeeeiaesmveseaas Jb, 253 —
'I‘rlmet'\ylolethnnc. technlcsl {.0.b, \'-orks»—
Cl., BBEE +vveinanonrmnaseddbe  2T¥—
Lel oo iiieinarancarns. ves.lb 28— L.
Trimelhylol;nropnno dc!lv. ¢l,

t.), ZoDe l..scuseavanaan A1 — ..

Latex Paint Vekicles

Dry
Recins
Wet Hasla
Acrylie Restn Emulslon— Buasls Bollda
Interler QGrada
L4%5h sollds, tanks,.......0b. 13%— .,
Exterlor Grads .
£6% 80lids, LankE.ce.ou,..db 2E%—
507 aollds, tAnks.....,....ib.  Q8W— ..
655, soilus, lanks. LJdbe 21—
Wet Welght L. fre. wlid.
Add 0i/Dry 1b. W, of Tockleas,
Butadienc Biyrene—
48%% tolids, tnnka..........lb. ,1210— .33
Dry Basle, Min, fri. sma.
Add 01/Dry b, W. of Rockles.
Polyvinyl Acetate Iomopolymer
Emulxion-—
655 solids, tonks..........lb. 38 — ..
Wer. Welght Min. fri. slld,
EFmulston—

B5% sallds, tanks..........Jb. 16—
65% solids, tanks,.........lb.  ,18%—
CWet Weight Ain, fri. alld,

American Paint Journal
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IMPORT DATA FOR NATURAL RESIN'®)

Total Imported from Indicated
County, pounds

Year Malaysia Indonesia Congo Total Import, pounds
1970 292,320 377,960 365,388 1,035,688

1971 464,494 196,580 285,370 946,444
1972¢®) 250,359 82,635 - 341,99

(a) These resins are listed under U.S. Imports for Consumption under

(b)

the heading "Gum, Damar, Copal, Kauri, Sandarac, Varnish Gums,
and Congo,

The figures are for the first six months only.



Hdli(‘”(‘ L\ﬂ(‘ill()i'i(kl Ensiiin!(‘ T TR U,

500 KING AVERNUE COPUNMDHS, GHIETY Aol - AT A Qoo & T 0 piiel Ty 0 R

Fobruary 23, 1967

Mr. Dovid A. Ross

Northern Coal Mines, Ltd.

1296 Kings Avenue

West Vancouver, British Cclumbia
Canada

Dear Mr. Ross:
We have now completed the work so farv ajgrced upon in our
investigation of "Refined Canadian Resin in Ceatings and in Rubbex

Compositions". The enclosed report covers this phase of the work.

The results indicate promise for the vefined resin, both in

N EARN

olecoresinous varnishes and as a low-cost extender in certain rubber com-

positions, but further work will be required in both anplications. At
least some of the additional work should be deferred until a preduct
more representative of the ultimate commercial preduct is avallable,

. . . r. ] .
However, I believe that you should pive serious consideration

to the separatien process. We have shown that the solvent extraction
process leaves the "Amber" resin behind, and we belicve that this may
be the most valuable part. We would certainly like to get enough to

evaluate it in coatings. '

4

I{ vyou can arrange teo visit Battelle in the next mentl or so,
I believe that it would be worthwhile to discuss the results obtained
so far and to decide the course of future worlk.

Sincerely vours,

Maynatd B. Neher
Associate Chiefl
Structural Qrganic Chemistry

MBN: ja

Enc.



SUMMARY RETORT

on

STUDY OF REFINED CANADIAN RESIN
IN COATING AND RUBBER COMPOSITIONS

to

NORTHERN COAL MINES, LIMITED

February 28, 1967

by

M. B. Meher, G. F. Cremeans, and W. J. Mueller

BATTELLE MEMORIAL INSTITUTE
Columbus Laboratcries
505 King Avenue
Columbus, Ohio 43201

Battelle is not engaged in research for advertising,
sales promotion, or publicity purposes, and this report may not

be reproduced in full or in part for such purposes.
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STUDY OF RETINED CANADIAN RESIN
IN COATING AND RUBDER COMPOSITIONS

M. B. Neher, G. F. Cremeans, and W. J. Mucller

INTRODUCTION

During 1966, a preliminary study of the chemical and physical
properties was undertaken of a fossil-type Fesin found in the Sponsor's
coal deposit. This cvaluation included a cursory study of potential
applications of the resin in coatings and iﬁ rubber compositions,

This preliminary study indicated potential markets in both
the coating and rubber fields., These results, along with the results
of the chemical charactevizations, were summarized in a letter report
from M. B. Neher, dated November 30, 1966.

A1l of the work described in the present report was performed
using the resin obtained by solvent extracting the fraction of coal that
filoats on a CCla/Varsol mixture with a specific gravity of 1.25. The
sample was sup;iied by Dr., Visman., This fraction has been described

as "Refined Resin", and is referred to as such throughout this report.

SUMMARY AND CONCLUSIONS™

The Refined Resin was evaluated in rubber compositions for use
as (1) a filler and extender, . (2) as an ingredient to improve abrasion
resistance, and (3) as an antioxidant. The results indicate some poten-
tial for use as a low-cost extender, but little or no potential in the

other arcas,.

*The work reported here is recorded in Battelle Laboratory Record Books
#23043, pp. 1-11; #24497, pp. 10-30.



The Refined Resin was evaluated in oleorcsinous varnishes of

.

—

the type that normally cmploy fossil resins (e.y., Congo resing.
Refined Resin appears to have potential application in these coatings.
The experimental coatings made from Refined Resin arc harder but darkoer
than those made from Congo resin. However, the "Amber"” resin picked
out of the coal by hand appecars potentiallylmore vaiuable than the
Refined Resin.

EVALUATION OF REFILED RESTI AS A
COMPOUNDING INGREDILHT TH RUBBER

Raflined Rezin was evaluated as a compoundinne ingredient sclected
rubbers in three arcas. These were (1) filler and extender, (2) anti-
oxidant, and (3) ingredient to incrcase abrasion resistance. These arcas
were selected on the basis of preliminary cvaluations in rubber, and the

chemical propexties which have been established for Refined Resin.

Filler and Extender

Large quantities of many materials arc used as fillers in
rubber compounding. These materials are normally added to improve
certain properties, and they range over a wide arca with respect to
particle éize and cost, depending upon the reguirements of the products.
Extenders are often added to supplement the [{llers. These are usually
low-cost materials which have little cflect on propertics, cither pood
or bad, and are used primarily to increase the compound volumz and

decrease its cost.



The rvesults of a preliminary examination of the Relined Rosin
in Neoprene W arc shown in Table 1. SRF Black was uscd as the control
since large quantities are used in this polymer for gencral-purpose
applications. The SRF Black increased the modulus and tensile strenjth,
while decreasing the cleoncation. The SRF Black alse incrcased the mini-
mum viscosity and decreased beth the scorch (43) and cure ({33) times.
The major effect of using the Refined Resin as a filler (Composition 12)
was a large decrease in tensile strength and an increase in eclongation
and minimum viscosity. The effects on other properties wzre not large.
The effect of supplemanting SRF blaék with a small amount ol Refincd
Resin (Composition 13) was a.further incrcase in the stiffness of the
composition as shown by the increcases in modulus and minimum viscesity;
also, decreasecs were noted in the scorch and cure time at 250 F.

Comparable data obtained with nitrile rubber are shown in
Table 2. Withﬂ;his polymer, the control filler was M[ black, which
can often be used where high product quality is not required. The use
of the Refined Resin as the filler resulted in a vulcanizate with very
low tensile strength. On the other hand, the compositions (16 and 17)
in which the Refined Resin was used as an extender for the MI' black
QEﬂugbqw:phe most promising results. The effect on the minimum viscosity
was much less than was observed with the Ncoprene W composition, possibly
indicating greater compatibility of the resin with the nitrile rubber.
When used as an extender, the Refined Resin increascd the scorch time
(A5) at 250 F, but had little effect on the curc time ov rate at 332 F.

The results of this study with the two polymers suggest little

possibility for the use of Refined Resin as a filler, but indicate that



TABLE 1. RETINED RESIN AS A FILLER AYD
EXTENDER IN NEQPRENE W

Composition Nunbhoer

~ 0 11 12 I
Meconey Scorch and Cure Data at 250 F
Minimum Viscosity 32 73 60 a0
A5, min 3.4 6.7 9.7 6.0
A35, min 15.2 11.9 15.1 10.5
835- 45, min S SO 5.2 G.4 4.5
Moconey Scorch and Cure Data at 307 F
Minimum Viscosity 34 &5 57 101
A5, min 3.1 2.0 2.9 2.6
235, min 5.0 3.4 5.1 3.7
A35-45, min 1.9 L.4 2 1.1
Curec, min.
at 307 T
100% Modulus, psi 10 il 650 120 550
20 ol 430 a0 G
30 il 620 220 820
300% Modulus, psi 10 130 2640 570 2020
20 210 - 356 -
~ 36 220 - 400 -
Tensile Strenpgth, psi 10 1390 3010 LG40 2020
20 2430 29720 930 2700
30 2600 -+ 3000 1000 2520
Elongation, percent 10 ase 32 709 360
20 730 240 G20 230
30 760 25 640 270
Hardness, Shore A-2 10 75 o 72 73
20 72 75 79 76
30 70 o0 77 30
Ingredients:
Neoprene W 1O 100 100 LOD
SRT Black - 50 - 50
Refined Resin - - 50 5
Zinc Ouide 5 9 > 5
Magnesium Oxide & 4 ! 4
Stearic Acid 1 1 ] 1
Plhienyl -g -naphthylamine ! 2 i 2
Z-Mcrcaptoimidazolinc G.5 0.0 0.5 0.5




TABLE 2. REFINED RESIN AS A FILLER AND EXTENDER IN A
BUTADENE -ACRYLONITRILE COPOLYMER (HYCAR 1041)

Composition Huab-r

. 14 L5 712
Mooney Scorch and Cure Data at 250 F
Minimum Viscosity 37 47 33 47
A5, min 49.5 72.0 62.0 57.0
235, min 57.5 88.0 71.0 66.0
A35-45, min 3.0 16.0 9.0 9.0
Mooney Scorch and Cure Data at 302 F
Minimum Viscosity 26 22 22 21
A5, min . 5.8 12.4 9.2 8.7
A35, min 10.3 14.3 10.5 10.2
435- 45, min 1.5 1.9 1.3 1.5
Cure, min.
at 302 F
100 percent Modulus, psi LG 220 Mil 200 240
20 290 200 290 390
30 300 220 360 350
300 percent Modulus, psi 10 600 Nil 520 420
20 1010 250 970 640
30 1100 300 15640 920
Tensile Strength, psi 10 2080 320 1900 1510
- 29 1730 800 1720 1570
30 1780 620 1660 1380
Elongation, percent 10 720 »1000 750 750
20 500- 710 510 540
30 490 © 560 480 430
Hardness, Shore A-2 10 62 60 65 69
20 65 66 6% 69
30 606 70 66 70
Ingredients: _
Hycar 1041 : ' 100 100 100 100
MT Black 50 - 50 50
Refined Resin - 50 5 20
Zine Oxide 5 5 3 3
Stecaric Acid 1 1 1 1
Sulfur 2 2 2 2
Benzothiazyldisul fide 1.5 1.5 1.5 1.5

T A o




it may have some merit as a low-cost cxtender. Further wvorlk would be
required to establish this point. At the sam> time, we would need to
have a fairly accurate estimate of the planned selling price for the
resin, so that materials could be selected as controls against which

it would probably be competing.

Improvement of Abrasion Resistance

Earlier studies at Battelle have shown that the abrasion
resistance of some nitrile rubber compositicns can be significantly
improved by the addition of a phenolic resin. The nitrile compositions
which are so affected are those which contain a low-cost carbon black
which provides a low degree of reinforcement. To determine whelher the
Refined Resin was able to function similarly, the compositiecns shown
in Table 3 were evaluated. Composition 24, containing a phenclic resin,
Durez 12687, ;Lowed only 14 percent as much abrasion loss as Composition
23 (no additive); whercas Composition 25, containing Refined Resin, showed
three times as much abrasion loss as the additi;c-free composition.

These results clearly show that the Refined Resin does not

provide the abrasion resistance afforded by the phenolic resin,
Antioxidant

The characterization study on the Refined Resin reported in
a letter of November 30, 1966, by M. B. Ncher, indicated that the resin

had hydroxyl funtionality, although it was not established whether this

was aliphatic or phenolic in nature. Presently, several hindered phenecls

and diamines are used as rubber antioxidants. The phenols are used where



TABLE 3., REFINED RESIN AS AN ADDITIVE FOR

IMPROVING ABRASION RESISTANCE

Composition Mumber

_ 23 24 25
100 percent Modulus, psi 400 1180 460
300 percent Modulus, psi 1880 2980 1230
Tensile strength, psi 2640 2980 1580
Elongation, percent 410 300 450
Hardness, Shore A-2 70 86 30
Pico Abrasion Loss, cc 0.022 0.003 0.063
Ingredients:
Hycar 1041 100 100 100
HMF Black 40 40 40
Refined Resin - - 30
Durez 12687 - 30 -
Zinc Oxide 5 5 5
Stearic Acid 1 1 1
Sulfur 2 2 2
Benzothiazyl disulfide 1.5 L. 1.5




TABLE 4. REFINED RESIN AS AN ANTIOXIDANT
IN NATURAL RUBEER

R p—— S VP —

Composition Number

_ 13 19 20 21 22
Unaged Properties
100 percent Modulus, psi 200 140 200 190 170
300 percent Modulus, psi 1560 . 1480 1460 1400 1210
Tensile strength, psi 2930 3100 2720 2550 2220
Elongation, percent 460 500 460 450 440
Hardness, Shore A-2 56 56 54 56 55
Properties After Aging
4 Days at 212 F
100 percent Modulus, psi 370 400 350 360 350
Tensile strength, psi 1520 2280 1180 1230 1170
Elongation, percent 230 310 210 210 220
Hardness, Shore A-2 Gl 64 39 62 63
Ingredients:
Smoked Sheet 100 100 100 100 100
SRF Black 45 45 45 45 45
Zince Oxide 5 5 5 5 5
Sulfur - 2.5 2.5 2.5 2.5 2.5
Stearic Acid 1 1 L 1 1
Benzothiazyl Disulfide 1 L 1 1 L
Phenyl-g -naphthyl Amine - 2 - - -
Refined Resin - - 2 10




.I' staining and discoloration cannot be tolerated, while the diamines are
used in other applications because of their better performancc.

To determine whether the Refined Resin has any antioxidant
activity, a study was made with natural rubber, using phenyl-g-naphthyl-
amine (PBNA) as a control antioxidant. Property determinations wecre
made on unaged compositions and on compositions aged for four days at
212 F, following standardized aging procedufes. Antioxidant activity
was judged by the differences in tensile strength and elongation betleen
the unaged and aged compositions.

Table & shows that Composition 19 containing the PBNA had a
much higher aged tensile strength and elongation than any other compo-
sition. The three compositions comtaining the Refined Resin werc no

‘.' better, and possibly a little poorer, than the Composition l8 containing
no added antioxidant. Thus, the results clearly show no antioxidant

—

activity for the Refined Resin.

EVALUATION OF REFINED RESIN TN COAT INGS

In general, the physical and chemical properties of oils and
resins u;ed in the preparation of a varnish carry over into the finished
vehicle. "The primary reasons for adding hard resins to dryiné oils are:

(1) To increase the hardness of the f£ilm

(2) To improve water and chemical resistance

(3) To iwmprove the gloss

(4) To shorten the drying time.

These improvements are normally attributed to the fact that the hard resin"

..' added 1is usually hard, glossy, and inert to acid, bases, and water.



The trend in the past twenty years has becn to use synthetic
"hard" resins in the varnish-making trade to replace the [ossil resins
that were once used almost exclusively. The reasons for this are pri-
marily; (1) uniformity of product, (2) increascd production capacities
for synthetics, and (3) synthetic resins are competitive with fossil
resing in price. However, fossil resins afe still being used to prepare
nominal amounts of oleoresinous varnishes, with Congo resin being one
of the most popular. This material sellé for $C.21 to $0.28 per pound,
depending on quality and type.

It was initially decided to compare Refincd Resin dircctly
with Congo resin in similar coatings formulations. This involved a thermal
degradation of the resin until it became soluble in a fatty acid tri-
glyceride. For this program, linseed o0il was chosen. In addition,
other type formulations (resin-esters) were tried and other means of
incorporating Zhe Refined Resin into polymeric vehicles were used.

The solubility of the Refined Resin in rosin derivatives was also estab-
lished.

The degree of difference between a linseed oil film and a
modified linseed oil film naturally depends on the hard resin content
of the céating. The varnish trade refers to short-, medium-, and long-oil
varnishes. This terminclogy indicates the gallons of oil used per 100
pounds of resin and the following definitions are used:

(1) Short-oil, 6-18 gallons 0il/100 pounds resin

(2) Medium-oil, 18-30 gallons ©il/100 pounds resin

(3) Long-oil, 30-60 gallons o0il/L00 pounds resin.

In géneral, harduness and chemical resistance decrease as the

oil length increases, but flexibility of the film is proportional to



‘.i the il content. Tor the purpose of this study, varnishes having oil-

length values of 10, 20, and 40 werc used.

Oleoresinous Varnishes

The normal procedure for incorporating Congo or other insoluble
hard fessil resins is te heat the resin at.330 to 345 C until oil solu-
bility is attained. Congo resin is usually brought to 335 C in succes-
sive heats, each requiring about 1.5 hou%s. During this time, a 20

" percent weight loss occurs, with the acid number of the resin deccreasing
from 112 to about 85,

The degree of heating required Lo degrade the Relined Resin
was determined before any effort was made to incorporate it intc a
coating. To do this, 200 grams of Refined Resin was heated in a stain-
less steel beaker under a carbon dioxide spurge. The temperature of the
resin was rai;;d to 330 C and small samples removed at 30-minutc intcrvals
and tested for oil solubility. 1In addition, wecight-loss data were ob-
tained. The results of this experiment are summarized in Table 5. These
data show that considerable degradation has to occur before the resin
becomes readily scluble in linseed oil. WNevertneless, it was found
that if.Ehe resin is heated to 327 C and held for 30 minutes (in a
nitrogen atmosphere), the resulting processed resin can be dissolved in
linseed o0il by heating the oil and the resin for about three hours at
230 C. Congo resin, when thermally processed until a 20 percent weight
loss ocecurs, will dissolve in less than one-half hour under similar
conditions. However, since the thermal processing of Congo resin rarcly

‘i' results in a loss preater than 20 percent weight, it was decided to use



TABLE 5. THERNAL PROCESSING OF CANADIAN AMEER RESTN
NECESSARY TO OBTAIR AN OIL SOLUBLE PRODUCT

p— —_ e

Weight Loss, Soiubility in Eiﬁsecd 0il

Processing Time under percent of 160 ¢ for Heating at 230 C Until
€O, at 327 C, Minutes Initial Nesin 5 Min Solubility is Attained

0.0 {(no thermal processing) 0.0 Insoluble Insoluble after 5 hr

1.O<1) - Insoluble Insoluble after 5 hr
30.0 20 Insoluble: Soluble after 3 hr

60.0 ‘ | _ . 29 Inscluble Soluble after 2 hr
90 | : ) - Insoluble Soluble after 1 hr
120 40 Soluble(z) Scluble in less than 1 hr(z)‘

(1) A 30-minute heating time was used to raise the temperature of the resin from 25 C to 327 C.

{2) The resin at this point consisted of twe materials--a carbonacious foam on top and a liquid
resinous mass in the bottom of the rcactor. The solubility of the resinous mass is reported.



Refined Resin also thermally decompesed until a 20 percent weinht loss
was observed., 1t is recognized that many cconomic factors will dotermine
whether or not the Refined Resin will compete with Congo resin or similar
resins to the varnish industry. The cost criterion that will be used by
a manufacturer of varnishes is the production cost of the Final coating.
This will include pounds of faw rvesin required to produce one gallon

of varnish, as well as the kettle time required to produce the final
preduct.

Accordingly, three basic linsced varnish formulations were
prepared having oil lengths of lO; 20, and 40, using the thermally pro-
cessed Refined Resin and Congo rcsin (suppliced by 0. G. Innes Corporation).
Coatings werc deposited on steel and tinplate panels and cured at cither
ambient temperature (25 C for 1l weecl) or clevated temperature (30 minutes
at 177 C). The Refined Resin coatings were comparced with the control
coatings, Con;;—linseed varnishes, and linsececd o0il coatings for rcsistance
for 40 percent nitric acid. In addition, hardness and flexibility
measurements were made on all of the coatings.

The evaluation data are shown in Tables 6 and 7. All of the
baked ccatings had excellent resistance to methyl ethyl ketone, while
the coatings cured at ambient temperature were dissolved in one to two
minutes. As shown in Tables 6 and 7, EEE_XQEEEEhQS,prCPQrCQ using, the
Refined Resin compare favorably with the Congo contrels. The Refined
Resin imparts slightly more hardness to the linseced oil varnish while
not harming its flexibility. However, the coatings [ormulalbed using

the Refined Resin are considerably darker than the coatings prepared

using the Congo resin.



TABLE 6. COMPARISON OF LINSEED OIL VARNISH FILHS PREPARED
USTING CONGO AXND REFINED RESEMN AND CURED BY
BAKING AT 177 € FOR 30 MINUTES

Resiatancs to
41 Prrcent

Oit (1) Film Properties(z) Mitric Acid,
Length, (3) Sward 4) lir until
Resin gal Flexibility Hardness faiture

Congo 10 Failed 1 in. ] 5.5
Canadian 10 " 69 5.3
Congo 20 Pagsed 1/§ in. aa 2.3
Canadian 20 " 49 3.5
Congo 40 " 12 1.3
Canadian 40 " 21 .
Linseed 0il

Control " o 4 0.5

(1) Number of gallons of linseed oil per 100 pounds of resin.
(2) Ali of the films were about 0.8 mil thick I: 0.1 wil.

(3) Tigure represcnts the smallest diameter of a rod that the coating on tin-
plate can be bent over through 180 degrees without breaking the coating.

{(4) Compared Lo plate glass having a hardness of 1GO.



TABLE 7. COMPARISON OF LINSEED OIL VARNISH TFILMS
PREPARED USING CORGO ARD REFINED RESIN
AND CURED AT 25 C FOR ONE WEEK

Resistance to
40 Percont

(4)

Oi% (1) Film ngEorticssz) NiFric §§id,
. Length, L (3) Sward 4) nrlunLLl

Resin gal Flexibility Hardness failure
Congo 10 Failed 1 in. 32 5.5
Canadian 10 " 65 3.5
Congo 290 Passed 1/8 in. 21 3.5
Canadiaﬁ 20 " 37 2.3
Congo 40 " 7 1.3
Canadian ™ 40 " 1l 1.3
Linseed Qil

Control " . 2 0.5
(1) WNumber of gallons of linseed oil per 100 pounds of resin.
(2) ALl of the f£ilms were about .8 mil Chick £ 0.1 mii.
«(3) Figure represents the smallest diameter of a rod rhat the coating on tin-

plate can be bent over through 180 depgrees without breaking the coating.

Compared to plate glass having a hardness of 100,
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Coatings Without Thermal Degcradation

Early in this program it was observed that the unprocessed
Refined Resin had an acid number of about 55 and is soluble in linsced
fatty acids and insoluble in linsced oil. It was [elt that perhaps on
heating in the presence of litharge, an ester intcrchange would occur
between the Refined Resin and linseed oil. An experiment was carried out
by heating 12.0 g of Refined Resin with 20.0 « of linsced oil containing
0.3 ¢ of litharge at 230 C. This mixturc jelled aftcr 3 hr of heating
and never bccame homogencous.

Next, 10.0 g of Rafined Resin was added to 16.0 ¢ of linsccd

fatty acids, and the whole mixture recacted with 1.3 g of pentaerythritol

at 232 C for about 3 hr., The product was a dark resinous wmaterial soluble

-

ceatings with Sward hardness values of 20 and 30 and having excellent

flexibility‘and adhgﬁigg.

In addition, an attempt was made to denrade the Relined Resin
by adding it to a refluxing 5 percent solution of sodium hydroxide. The
resin was kept in contact with the refluxing basic sclution for six hours
and thén acidified with hydrochloric acid. The product was still insol-
uble in drying oils and could not be used to prepare an oleoresincus
varnish without further processing.

The Refined Resin appears te be comparable to Congo rosin
for use as the hard resin component in varnishes. The varnishes made
with Refined Resin give films that are darker than those preparced with
Congo resin, but have slightly higher hardnesscs with ne apparent sacri-

fice in flexibility. The results also indicate that film-forming materials



X
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can be prepared if Refined Resin-linsced o0il mixtures arc esterificd
with a polyol such as pentaerythritol., Otherwise, it appcars thalb the
Refined Resin will have to be thermally degraded pricr to using it in

the preparation of olcoresinous varnishes.

RECOMHENDATIONS FOR FUTURE WORK

This study indicates that the Refined Resin may find application
as a low-cost extender in rubber. Further work will be required to
establish this poinL.

This study also indicated that the Refined Resin gives oleo-
resinous coatings with physical preperties ecqual or supericr to coatbings
made with Comgo resin. This study should be expanded to include a more
comprehensive cvaluation of co-esters of the Relined Resin with various
polyols and dryving oil fatty acids. 1In addition, a bricf study sﬁould
be made to estgglish the parameters of processing variables (both thermal
degradation and wvarnish preparation) required w%th thie Refined Resin,

The Refined Resin should also be studied as a médifier for low-cost
alkyds where color is not of primary importance.

However, the "Amber" resin which is not being extracted is
potentiaily even more uscful than the Refined Resin which was used in
the current study, because of its lighter ceoleor and lower ash content,
Any future work should include study of this material.

Thus, serious consideration should be jiven Lo Lhe process
used to separate '"resin' from '"ecoal'". As recorded in Lhe last report
(November 30, 1966), the Refined Resin 1is in reality a soluble fraction

of the coal, and the "Amber" resin remains in the extraction residue.
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It is believed that this "Amber" resin probably represents a more valuable
product than the Refined Resin obtained by the present extraction process.
Further, we understand that the material which will be produced
in the ultimate plant will be obtained by an air classification process.
In light of our observation that the ”Ambgr" resin is completely unaf-
fected by the solvent extraction, it is prcbable that the commercial
product will be diffcrent. Future work pléns should include study of
a product more representative of the ultimate commercial material than
the Refined Resin.
Battelle has had considerable experience in ore and mineral
eXtraction, and we would belable to bring this background to studying
separation of the "Awmber" resin from raw coal. The sample of extraction

residue currently on hand could be a starting point.
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3 0k :

- dMr. David A, Ross . Do
Northern Coal Mines Ltd. ’
1296 Kings Avenue

o West Vancouver, British Columbia : . ' B

» Candda .

. Dear Mr, Ross: N ;
This letter summarizes the work done on our study of the composition

"of MNorthern Coal Mines' vesin from Coal {rom June 1, 19856, until Novcmber 1, ' o

© 1964, Since the ten-pound sample of Refined Resin arrived only-recently, the -
evaluation studies in rvubber and in coatings have just beon stavied and will be T
reported upon at a later date. “

Characterization of Refined Reusin

Chromatographic and specetral data indicate that the Refined Resin

is a complex minture of some 40 ~ 50 components having hydroxyl, cavboxylic,
and ester functionality. 1In wmy letter of June 153, 1956, it was indicated that
‘- no aromatic componcnts were prescnt in the Refined Resin. More receat studics

ﬂ' now indicate that the Reflined Resin is predominantly a unixture of condenscd
o ring aromatics wilh aliphatic substitution on the rings. . '

The Refined Resin is very resistanl to hydrolysis, ‘The rvesin could o
cnot be completely hydrolyzced by tveatment for a period of 2 - 3 days with a
. 20 percent selution of sodium hiydroxide in either water or a water-ethylenc
i glyeol mixture at Lemperatures up to 200°C.  Only a small amount of hydrolytic
products was obtained from these treatments of the resin. These products
appeared to be a more cowmplex mixture of materials than the original resin
Jand no attempt was made Lo charactevize them.

More informative data were obtained by solvent fractionation of the
v Refined Resin according to the scheme shown below and cxamination of the
o resulting fractions.




2. November 30, 1966

o
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Mr. -David A. [

Refined cosin

Extraction with benzene at reflux
for 21 hours

B .

—
(A} Insoluble (59.5%)

(B) Soluble (40.5%)

Extraction with dicthyl
ether at 25 C

| [
(C) Insoluble (5.2%) (D) Soluble (35.3%)

The infrared spectra of the various fraction were similar to one other
and Lo the oripinal resin. These data indicate thac: (1) the resin is probably
A mixture ol watevials ol o ningle class or faeily of chewical compounds rather
than a mixturce oif diflferent chiemical elasses, and (2) the varigus {ractions
obtained by the solvent {racticenation represent different molecular weight
species present in the resin,

The diethyl cther soluble {raction (D), 1.96 g, frowm the aveve fractiona-
tion was partially hydreiyzed by treatwent for 16 hours with a 3.2 percent solulbion
of sodium hydroxide in a 10:10:1 mixture of dimethyl sulfoxide, ethyl alecohol,and
water, An acidic fraction was obtaincd which contained some ester carbonyl as
shown by infraved examination., Iowever, no neutval aleeoholic fraction, if.c.
material containing hydroxyl, but no cavboxylic acid lunctionality, was ebtained.

The acidic fraction or D was estevilied with diazomcthane and then
fractionated by thin-layer chvomntoaraphy (LLC) on Siiica Gel G using a 10 percent
v/v solution of accrone in diethyl cther as developing solveant., Five fractions
of materials were obtained. Infrarved examination indicated that cach fraction
consisted of a mixture of matcerials. The infrarcd spcctra of four of the fractions
having R, values™ in the range 0.03 - 0.95 were similar and showed hydroxyl and
ester catbonyl functionality. The fifth fraction, having an I range of 0.95 -
1.00, was a neulral material, i.c,, contained no hydroxyl or eseer funclionality,
and was aromatic in naturc.

The fact that no neutral material centaining hydroxyl functionality
was recoverced {rom the hydrolysis of fracrtion D sugrests that the precursors
ol the resin ave hydroxy acids. llence, the estor cavoonyl of the resin may
arise from, (1) intraesterilication Lo producc a lactone, or (2) interesterifica=-
tion to produce a normal ester. Some evidence in support of these hypotheses is
found in the nuclear magnetic resonance spectium of the resin which shows two
types of esters to be present in Lhe resin,

The R. value of a component is the distance that compeonent has moved on the
TLC pilate divided by the distance which the solvent [ront has moved,
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Mr. David A, Ross 3. November 30, 1960

A sawple of the Refined Resin was ceduced to hydrocarbons by
diseillation with #zine dust. BLxamination of the reduced product by indvared,
nuclear magietic resonance spectrescopy and gas liquid chivomatogwaphy siowed
it to be a complex mixture of hydrocarbons consisting predominantly of arcmatic
or condensed-iing aromatics with alkyl substitution on the rings. The inliared
spectrum of the reduced material rescwbles the spectra of coals and asphalts,
especially in the avowatic substitution region of 950 - 650 cm ~,

On the basis of the above daie, it is belicved that the Refined Resin
ig a minture of condensation producis of a complen aromaitic hydroxy acid highly
substituced on the ring(s) with aliyl groupns., Decause of the complexity of the
resin no attempt was made to determine whetcher the hydvoxylic functionality was
aliphatic or phenelic in nature, or a mixture of both Lypes,

Because of the complexity of the resin, a considerable amount of work

would be roquired to de a complete elucidation of its structure, and at present,
further cflfort in this dircction deecs not secem to be warrvaanted,

Comparison ol Amber Reoin and Refined Rosin

Very early in this program some incongruitics in the properties of
Amber Resin and Refined Resin vere obscrved, Amber Roesin is the ambor-colowed
clear material which can be picked out of the coal by hand. Reiined Resin is
the dark-colored material obtained by the cxivaction process which was employed
to obLtain tihe teu~pound batch ol resin recently received.

As reported in my letler Lo Mr. Ross of June 15, 1966, the following
differences were observed.,

1. Infrared spectra indicate that the Amber Resin is principally
ester, vherecas Refined Resin is a mimtuire ol ester and carboxylic
acid. The cowposition of Reflinced Resin secms Lo 1ie beoveen that
of Amber Resin and the original coal.

2. Awber Resin is, for all practical purposes, cowmpletcely insoluble
in chlovoform, benzene, or pyridine. By conirast, Refined Resin
is completely soluble in pyridine and solubie in vavying cxtenis
in a number ol olher solvenls.

3. Reiined Resin softens at ~ 200 C, Awber Resin does not sorten
at tempevacures even at 400 C, A differential themnal analysis
(DTA) in nitregen, indicates that Awber Resin does not melci
until ~ 450 C, at which temperature it is velatilized {(probably
with decomposition).

Parther consideration of these points has lad bo speculation about
the sceparation being achiieved by the solvent cxlraction process. Accourdingly,
samples of the wvavious fractions involved in the separation were obtained from
Northern Coal Mines Ltd. and analyzed by infrared spectvometyy and examined
microscopically. -



Me. David AL Ross Ha Novewher 30, 1966

The microscopic studies together witihv the infrarcd spectra showed

7

conclusively that the Awmbor Resin is not beings rewoved by the cxtraciiun
16 remains in dhe extraction residuc. PFipure 1 is a paovomicrograph

procoss.
of Aaber Resin picked out of coal by hand. The shacvp cdges and counchvidal
fracture pattern are espoecially ifuportant. (Fhe black material is coal which
remained stucl to the resin.) Figuve 2 is a photomicrograph of Relined Resin.
These particles are of an voneively different character than the [ragaents of

Anbor Nesin.  Mowne are tvanspacent, aad ovea those Lhat are translucent ave
reddish brown racher than 1ipht amber as in the case ol Amber Resin.  Figure 3
is a photomicropraph of the residue lefe after the cxivaction process by witich

she Refined Resin is obtained. There ave many clear, light-zmber pavtilcies

which are obviously the oviginal Awocr Resin, along with some coal residue,

These clear particles still have the conchoidal Jracture pattern, wihich indicates
that they have not been alfeccted by the solvent extraction.

T understand that the commercial plant Lo wake resin will use an aiv
classification process., Our vork demonstrates ralher conclusively that the
cextraction process simply dissolves the wmore soluble coal fractions. Dy countrast,
the air separation process will [unction on an entirely diifcrent basis --
relative particle densitics. ‘he air scparation process tuus may give a procduct
rich in Amwer Resin, and 1L so it would be vastly dificrcnt {yoa the present
Raelfined Resin.

Ve are currenitly attempting to isclate as wuch of the Amber Resin as
possible to study its properties further., Included will be an atetewpt to usc
air classification on the [ive pounds ol extraction rcsidue we received some
time ago.

It has been some time since you visited Batielle, and I believe another
visit in the necar future to discuss the current status ol the project would be
helpful. '

Sincercly yours,

Maynard B. Ncher
Associate Chicef
Structural Organic Chemistry

MBN: KR
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Low-Btu gasification process will
use coal to run teams of turbines

First, take a system that is quickly
capturing the interest of power gen-
erating companies throughout the
world—the combined-cycle turbine
system.

The combined cycle tcams a gas
turbine together with a steam tur-
bine (top drawing, right). Gas—or
oil—is fed to the gas turbine where it
burns as fuel with incoming air. The
hot, expanding gases of combustion
drive the turbine, which in turn runs
a generator (o produce electricity.

But instead of exhausting the hot
gases into the atmosphere as lost
heat, as is done in conventional tur-
bines, the gases in the combined-
cycle system are shunted through a
heat-recovery boiler containing wa-
ter pipes to turn the water to steam.
The steam then drives a typical
steam-turbine system. Since the
electric power from the sieam-
driven generator can be added to
that from the gas-driven generator,
the resulting power generation is
more efficient than if only a conven-
tional gas turbine or steam turbine
is used.

All this, however, is not new, Al
though the combined-cycle concept
is only recently catching on, it has
been around since 1961 when Okla-
homa Gas and Electric Co. picked 1t
for one of their power plants.

What is new is a low-cost method
by Waestinghouse Electric Co. for
taking coal and converting it
directly into a gas (second drawing}.
without any of the enrichment pro-
cesses normally employed in coal
conversion systems. To be sure, such
unenriched gas has a low-Btu heat
conlent—it may have only about 150
to 200 Btu's per cu ft. as compared
to the 900 to 1,000 Btu's per cu [1
obtained from the high-Btu gas-con-
version systems—and thus would not
be suitable for long-distance piping.

But if this new low-Btu process is
hooked up directly to feed one or
two gas turbines in a combined-
cycle plant (bottom drawing)—why.
the benefits are many: The low-Btu
system is inexpensive-you're taking

98

~coal and using it directly as fuel. not

really trying to produce a market-
able gas. And the pollution control
aspects are favorable—~sulfur from
high-sulfur coal of the Appalachtan
and Midwestern reserves is easily
removed during the conversion pro-
cess; and so are the tars and particu-
late matter.

According to Bruce Morrison,
peneral manager of Westinghouse’s
Heat Transfer Div., the new process
can be tied to the Westinghouse
PACE power plant, a combined-
cycle system. The PACE system is
being sold already as a packaged
unit; and when used with the fow-
Btu process, Morrison predicts, the
total system will permit generation
of electricity at significantly lower
cost than using today’s conventional
coal-burning plants with stack gas-
cleanup svstems,

The multimillion-dollar West-
inghouse development program for
the process has, as its objective, the
goal of having a complete power
plant operating by 1980.

Partners in the Westinghouse
project include Public Service of In-
diana, which will operate a pro-
totype coal gasification plant as part
of its generating system; AMAX
Coal Company, a subsidiary of
American Metal Climax, Inc.; and
Bechtel Corp. This team is seeking
financial support for the program
from the federal government. In ad-
dition. Northern Indiana Public Ser-
vice, the Tennessee Valley Author-
iy and Consumers Power Co. have
agreed 1o support the team effort as
associate members in advancing this
necessary technalogy.

Fluidized-bed gasifier

Westinghouse will be using a

Nicholas P. Chironis
Senior Editor, Coal Age

series of fluidized beds in their coal
gasification process, The fuidized
bed can be thought of as a grate of
continually changing configuration
which supports the coal particles
and brings them into contact with
the air and steam while preventing
agglomeration and clinkering
through its turbulent motion. Such a
device would not be sensitive to
small coal particles and could
handle the fine particies, which rep-
resent some 20-30% of today's me-

- chanically mined coal.

Segregation of particles in a fluid-
ized bed by their relative densities
alfows a continuous ash stream to be
tapped off at the bottom and per-
mits chemical absorption of sulfur
by a stream of limestone particles
fiowing through the bed. The stream
of limestone particles can then dif-
fuse through the bed. reacting with
sulfur melecules as they are released
from the burning coal, and can be
tapped off as a stream of calcium
sulfide particles. The low-Btu fuel
gas coring off the top of such a bed
would contain very little sulfur and
require cleaning only to remove
particulates.

The final system requires a series
of beds 1o induce countercurrent
flow of gases and solids and to max-
imize the removal of sulfur by lime
injection. Each bed must operate at
temperatures appropriate to the
chemical reactions taking place in
it—2,100F in the agglomerating
chamber, 1.800F in the total gasi-
fier. and 1.400F in the devolitilizer.

In commenting about the future
of such coal-fired combined-cycle
plants, a Westinghouse spokesman
noted that even if the main gener-
ating plant for an area employs nu-
clear energy, the new system cun
take on the job of providing gener-
ation for intermediate foading. The
base plant--the nuclear plant-
would operate ali the time. while the
intermediate plant would start up.
say, around 7 AM and shut down at
6 PM. thus taking up the exvess
power demands during the day. =

COAL AGE « May, 1972



By taking a combined-cycle power-generation system . . .
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Gas or oil
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REMOVYIRG SULPHUR
FROM COAL

Under the direction of Dr. James H.
Ciary, head of the Chemical and
Petroleum-Refining Department at the
C.werado School of Mines, a unique
process of removing sulfur from bitu-
minous and sub-bituminous coal is de-
veloping.

The project. awarded by the U.S,
Department of the Interior, has been
funded $78.675 for the first research
year.

Presently. the research team is work-
ng with coal ores which in their natura}
sfate  exceed present air-pollution
stundards of more than one per cent
sulfur by weight. Thus the coal pre-
sently cannot be used as an energy fuel
for power plants without sulfur reduc-
tion to permuissible levels.

By the hydrogen induction during
the coal treatment, approximately 90
per vent of the sulfur has been re-
moved.” D Gary commented.

The coul s crushed and mixed with
an organic solvent during the first step
ot the process. Once the coal is in solu-
ton the liquid is placed in an autoclave
which attains a temperature of 750° F
and 1.000 pounds-per-square-inch pres-
sure. U'nder these conditions, the solu-
tion is agitated with the hydrogen
introduced; alter seven and one-half
o fifteen minutes, the sulfur has
been removed, The unwanted sulfur
ieuves the autoclave as hydrogen sui-
fide in o gas form.

The final step is to take the desulfur-
1ized solution and remove the organic
solvent. Removal allows the recycle of
the ~olvent for future coal treatments,

“On a large-scale basis, it is antici-
pated that the cost of desulfurization
wiil be less than that of other tech-
mgques.” Dr. Gary stated, “‘with the
process being performed even at the
mine provided an adequate source of
hydrogen gas was available.” '

Several larpe deposits of bituminous
and sub-bituminous coal ores would
benefit from this treatment. Coal in the
Appalachians and some coal in both
Colorade and Montana fall in this
category. They are low in ash content
and suitable for an energy fuel but pre-
sentiy exceed poliution standards due
{v & one to four per cent sulfur content.

Once optimum conditions are estab-
lished by the research team, an eco-
nomic evaluation will be made to deter-
mine the desulfurization costs.

- A.J.LAMB,P.Ag.
CONSULTING AGROLOGIST
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PETROGRAPHY OF THLE COAL FROM THE GARROWAY MINE IN THE BOWRON RIVER

COAL AREA, .BRITISH COLUMBIA,

ABSTRACT

A petrographic study was carried out on coal {rom the Garroway
. Mine in the Bowron River.Coal area in Britistholumbia.

The seam studied is of Tertiary apge and the exgmination was part
of a larger investigation on Canadian Coals of Tertiary Age.

Though the coal is reported as being a coking coal, stability
predictions based on the chemical composition as determined by proximate
analysés, reflectance (RO) indices and maccral composition indicated other-
wise. Results showed that the reactive-inert imbalance predominantly fav-~
oured the reactive components. These constituents contribute good swelling
characteristics to a coke but lack .0of an optimum amount of the inert or dull
coal components result in a coke that is weak.

The coal is reported to be high In percentage of the maceral resinite.
Visible resin nedules were observed in the coal during sampling. The subsequent
microscopic analysis did not substantiate this observation because this type
was not observed during the analysis. Resin of the invisible type, due to
vitrinizaﬁion, could be treated only as a vitrinoid.

Though this coal would not produce a coke of good quality by itself
it could be used possibly as a blend to mixzx with a coal which has good strength

contributing properties and a lack of good swelling characteristics,



&

INTRODUCTION

The existence of coal on the Bowron River in British Columbia has
been known for the last 100 years, Dawson noted in 1871 that coal was reported

_by Dewdney on the banks of the Dear River - later knowa as the Bowron River,
! .

The scam sampled is frbm the Northern Coal Mines Ltd., Garroway Mine
(see TFig. 1) which is located on the west bank of the Bowron, about 35 miles
east of Prince Georpge — a rapidly growing rail aand industirial center. The
mine is only five miles south of a newly paved highway that has recently been

constructed from rrince George,

Due to the increased interest in B.C. coking coals, considerable
development work has been done in the Bowron River arca. Petrographic studies
have been undertaken to determine the nature of the coal and its suitability
for coking. The coal is reported to have a high resin content and-the present
company sect out to mine the coal solely for the resin and have the coke as a
low priced by-product. Favourable indicaticns frqm swelling tests coupled with
the mine's favourable location in vrespect te the Japanese market reversed this

policy.

GENERAL GiLOLOGY

The Bowron River valley is almost entirely covered with overburden
and. therefore the coal seam outcrops can only be observed along the banks of

the river and along the creeks,

The rising ground on the valley-sides and a few points along the
river itself are underiain by a group of largely green~coloured volcanic rocks
and include fine tuffs, breccias and lavas. The only intrusives seen are sev-
.eral small dykes which intrude dark argillite near the north of Purden Creek’

| (Holland 1948). ' .



SCALE IN MILES

FIGURE 1. SAMPLE LOCATION MAP, BOWRON RIVER, B.C.



The coal is found in a series of sandstoines, shales and conglomerates
that outcrop along the river, It is possible that the coal-bearing series may

outerop farther to the northwest and southeast but the formation has not been

" traced farther in those directions.

The coal formation comprises grey and buif sandstones inter-bedded
with light to dark soft shales and sandy shales, some of which are carboniferous
“as well as several beds of conglomerate. The conglomerate contains cobbles of

as nuch as
green volcanic rock / 10 inches in diameter proving that the volcanics are

as much as )
the older, Several beds, / 15 feet thick, of grey conglomerate outcrop
along the river. The distribution oi ceoal-bearing outcrops suggests that the

formation underlies the Bowron River valley forming a belt 1} to 2 miles wide

and about 7 miles long. .

Holland (1948) reported that a collection of fossilized plant remains
was submitted to the late Dr. W.A, Bell for identification who reported, "the
fossil plants from the Dowron River area are poor indeed,,...but....I consider
the age to be Tertiary'. 1In 1968 Dr., Bell, in an unpublished report stated,
"the evidence, unsatisfactory as it is, favours a time interval in the Upper
Cretaceous, within the limits of Campanian-Maestrichtian and particulariy a

Campanian one".

From the foregoing it is obvious that dating the Bowron River meas-
ures is véry difficult, the problem being cempounded by the lack of good fos-

sil material.

MacKay (1946) noted that the coals of the Bowron area are of Tertiary
age, and at least 3 of the coal seams are of commercial interest, He also
states that the coals have been classed by the Provincial Government as bit-

uminous in rank.

In 1969, Dr. G.E. Rouse of the University of British Columbia, Dept,
of Botany, reported, "I am reasonably sure that the Bowron suite is Tertiary

in age; most likely between iddle Paleocene and mid Focene,with a chance of



Though the ape of the measures is in doubt due to the lack of good
sossil evidence, it is generally considered that the coals found in  the

Bowron River area arec of Tertiary Age.

| Sample Preparation and degascopic Examination

A column sample was taken from the upper seam of the productive

part of the coal weasures f{rom the Garroway Mine, stated to be 10 ft. thick.

., Ihe sample represents 7 feet of coal exposcd at face of prospect slope.
fhe column was taken to the laboratory cut into smaller, more manageable blocks

¥

and mounted in Paraplex - a plastis mounting medium,

After mounting, these blocks were labelled as to their relative

position in the column and oriented with respect to top and bottom.

The blocks were then polished on a Buehler polishing lap using a
standard acceptable procedure, They were then examined megascopically using

a hand lens and a very low power stereoscopic microscope (X5).

In general appearance, the coal examined is a normal banded coal

rt

composed almost entirely of the bright components vitrain and clarain. 'Sub-
ordinate amounts of shaly coal, coaly shaie and shale also occur., The toal

has a high lustre and is hard and dense.

The megascopic profile of the seam is reproduced in figure 2, which
shows' that the seam is split by four distinct partings, The pure coal, con-
tained between these partings was divided into nine petrographic intervals based

on the relative proportions of the entities present,

The resulting breakdown showed that intervals I and V are composed
mainly of the shale-rich entities while the remaining. 7 are of clean coal which
differs only in the vitrain to clarain ratio. Vitrain exceeds c¢larain in interval
II, IV and IX while the reverse is true in intervals III, VI, VII and VIIIa

Throughout these bright intervals the shaly impurities occur in minor percentages.
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Hicroscopic Lxamination

Coal from the megascopically determined intervals was then prepared

for microscopic examination,

The coal represcating each interval was cyvushed to -20 mesh and
riffled to yield a representative sample. A grain mount was prepared f{rom
each interval and polished on a Buehler Autowmet polishing lap. The polished
grain mounts were then uscd for reflectance measurements and maceral deter-
mination, Reflectance measurements are normally made on vitrinite, the most
abundant constituent in most coalsf Measurement of this parameter is a petro-
graphic way of expressing rank. An increase in rank is accompanied by an in-
crease in reflectance and this can be weasured quite precisely, Such measure-

usually
ments on a given coal are ./ reported in two ways:

1. An average of a number of readings may be calculated and the
rank of the coal expressed by a single reflectance index.

2. The reflectance data also may o€ used to subdivide the vitrinite
into so-called "V'" types. These are designated by number as
Vb, V7, etc. These numbers signify a reflectance range. Thus
V6 means vitrinite with a reflectance range between 0.60 and
0,697 in oil, while V7 has a range between 0.70 and 0.797.
' .Reflective indices were determined with a Leitz microscope fitted with
a pnotometer. This is a similar arrangement to that which is generally accepted
and used by other petrology laboratories, The instrumentation and its stan-
dardizations are described in the "Third Draft, Equipmnent and Procedures for
Determining Microscopically the Maximum and Mean Minimum Reflectance of the
Organic Compomnents in Polished Specimens of Coal, ASTM Designation DS'Subcpm—

mittee XVIII Petrographic analysis of Coal" by J.L. Bayer. It is described also

by Schapiro and Gray (1960).

The results of the reflectance study are shown on figure 2 in the
right hand column headed RO. These show that the mean maximum reflectance of

the vitrinite compenent is almost constant from the top to the bottom of the sean,



That there is little variation in the consistency of the vitrinite is shown by
the fact that the reilective index of the various intervals only fluctuates from
0.64 to 0.65 whicli is within the range of the statistical error ecncountered

in the work. The average reflectance for the entire seam is calculated to be

i

0,65.

A further indication as to the lack of variety in the vitrinite is
shown by the fact that there were only 4 vitrinite types in evidence in the
entire nine intecrvals which ranged from V4 to V7, The vitrinite type V6 ac-

per cent
counted for 66/ of these reflectance readings.

The rank of the coal was determined chemically using the method out-
iined in the A.S.T.M. standards on coal and coke (1962). The coal was found
to be of high volatile & bituminous rank. Rank as determined by reflectance

was in accord with the A.S.T.M. method.

The grain mounts used in the above Ro study were repolished and
re-examined to determine the maceral content of the coal. Macerals are the
basic constituents of coal and are analagous to.the minerals of inorganic rocks,
The anes identified in the present study are vitrinite, exinite, resinite, mic=~
rinite, semifusinite and fusinite. Mineral matter also was determined. Defi-
nitions of the macerals as well as the method followed in determining their
quantity conform to those suggested in the International landbook of Coal Petro-
logy (}963). The results of this examination are shown graphically in the center
column of figure 2 and numerically ia table I, During the analysis thg macerals
semifusinite and fusinite were considered separately but these later combined to
produce the column in figure 2 because they appear to rgpreéent stages in a gene-
tically related group., The fact that the combined total of these two macerals

per cent
does not exceed 5/ in any interval facilitated plotting.

As previously stated the seam in the Garroway Mine is-very bright,
hard and has a high lustre. The maceral analyses of the various petrographic

intervals substantiates this initial impression.



Table I

Interval i Height Vitrinite Exinite - Resinite Micrinite Semifusinite Fusinite Mineral Total
Inches y4 o ST e ST e T i e e T e e B Matter % g
IX 6.6 84 7 : L 1 & 1 3 100
VIII 11.3 85 6 . 1 1 . 7 100
VII 11.4 85 2 1 1 L . 11 100
Vi 7.4 88 “o o 2 o - 6 | 100
v 4 61 4 B 1 3 1 30 100
v | 5.7 90 3 2 - . . 5 100
111 9.2 73 3 L 1 . ' o 23 1090
11 4.9 90 2 1 : 1 ' . L 6 100
1 8.8 65 1 L 1 2 1 30 100
Seam L 69.7 80.2 3.6 0.4 ' 1.0 1.1 : 0.3 13.4 100

Average

Maceral Content of the IX Petrographic Intervals of the Upper Scam, Bowron River Areca



The seam is composed almost ecnticely of the bright coal component

vitrinite. This maceral is the major entity of all nine intervals reaching
per cent ‘
a high of 90/ ia interval IV, the brightest unit and dropping to a low of
per cent
61/ in interval V, which is the dullest interval. The wmonotony of the col-
umn is brokea by the three intervals I, III, and V which have higher amounts

of

mineral impurities. The mineral pyrite and various shale minerals account
for the mineral matter. The other maceral compoaents are present only in

minor percentages.

The seam under study has becn noted for its relatively high resin
content. Black reports on two types of resin, namely soluble or "Canadian"
resin and insolublec resin., The ormer is reported to compare favourably with
"Congo" resin which has a well-established place in world markets. This re-
sin was named '"Canadian" by the Batelle Imstitute (Black 1967). This "Cana-

per cent

dian" or soluble resin was reported to amount to 4/ in this coal. 1In contrast

magascopically
to the above '"soluble resin' which is invisible,/the insoluble resin is vi-

t

sible and is said to be present in the coal in an amouat equal to the 'sol-

uble resin" (approximately 4%).

During the visit to the mine to collect the sample studied, the
visible resin was observed in the coal. he resin appeared as small (%1 inch),

elongated ,amber-yellow nodules randomly distributed throughout the seam.

The invisible, soluble resin was assumed to be so only in a mega-
scopic examination, but would be visible during the microscopic phase. The
resulting low percentages actually observed during the microscopic examina-

tions therefore were disappeointing.

A fragment of the visible resin, hand-picked from the seam, was
examined in oil under reflected light and showed a distinct brownish red-
orange colour and therefore appeared as a rcadily identifiable component.
During the subsequent analysis, none of this type was observed in the coal,
The smalkl- perecentages of resinite evident ranged from light to dark grey in

colour,



The diserepency between the high resin values mentioned in the report
by Black aund the paucity of resin found by tie prescal analysis could be attri-
buted to "vitrinization'. Stach (1968) reports that the elliptical resin bodies
can lose their resinous characters by polymerisation and may be transformed into
grcy vitrinite. Such resinous material in a petrvelogical examination would have
to be assessed as vitrinite or, more strictly, as semi-vitrinite, Thus it would
appear that through this process of polymerisation the resinite loses its ori-
ginal optical propertics and assumed the same colour as vitrinite. It is con-
ceivable that in this process the resin loses some of its “exinitic" properties

and takes on more vitrinitic characteristics,

COKE STABILITY

The present mine operators found that the coal near the top of the
slope produced a coke button with a swelling index of 1 and that it increased

as the mining proceeded down the dip of. the seam,

per cent
Coke stability can be predicted with an accuracy of 94/ (Berry, et

al.,1967) if the maceral content and the reflectance data of the seam are known.
The method followed in the present study was thgt described by Schapiro,VGray
and Fusner {1961) and the calculated stabilities for the petrographic intervals
and a composite of the entire seam were compiled., The method considers the
macerals - as belonging to two groups, namely those which are reactive (vitrinite,
exinite, fesinite, 1/3 semifusinite) and those which are inert (fusinite, micri-
nite, 2/2's semifusinite, mineral matter). The method further assumes’ that for
maximum coke strength there is an optimum ratio of reactives to inerts and that

.

this ratio varies with rank,

The results of the stability determinations 'for the Bowron coal are

shown in Table II.
Table 1T

Interval L II III "1V Y Vi VII VIIT IX Seam Average
Stability 6 0 0 0 23 0 a 0 0 9

Predicted Coke Stabilities of the Petrographic Intervals and Seam Average of

Upper Seam, Bowron River Area.
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These results siiow that all intervals with the caception of intervals
I and V have a calculated predicted stability of 0, The remaining intervals,
I and V have stabilities of 6 and 23 respectively. The predicted stability for

the entire scam was 9 as comparecd with a stability of 50-060 for known coking coals.

Tne resulting low stability factor can be almost solely attributed to
the lack of che so-called inert macerals such as the semifusinite, fusinite and

micrinite.

per cent
As can be seen from figure 2, the seam is composed of almost 80/ of

the reactive components vitrinite and exinite. These are the macerals that con-
tribute the swelling properties to the coke. As previously stated, resinite
behaves in a manner similar to exinite and this adds considerably to the swell-
por cent :
ing chavacteristics. Coal that contailns 5, resinite is considered a high resin-
per cent
ous coal and therefore the 8/ veported by Black puts the seam under study ium

this category. This overabundance of swelling reactives would yield a favour-

able coke butten but not necessarily a strong coke.

On the other hand, a coal that w0uldlpe considered a good coking coal
would have a predicted cokxe stability of from 50 to 60, The veason that this
coal has such poor predicted stability is due to the paucity of the inert macer-
als whidb impart strength to the coke, The calculation of stabilities is based
on the ratio of reactive entities which in general produce the swelling charac-
teristics to the inert components which give the coke its strength, It is,
therefore, unlikely that this coal would produce a good coke. The coal could,
however, be used as a blend to mix with a low volatile coal that has a high in-

to determine

ert maceral content, Further study would be required /  the suitability of

this coal for blending.

SUMMARY AND CONCLUSIONS

The upper scam of the productive part of the coal measures in the
Bowron Rivoer area is composed of a clean-lenking coal with a very high lustre.
The coal is dense and hard and contains small amber-yellow resin nodules dis-

=3

persaed through it.
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The ceal is a hipgh volatile bituminous coal by A.S.T.M. standards
and this was borne out by the mean maximum reflectance index of 0,63,

The coal has yielded a coke butten with a free swelling index of 1
near the top of the slope and 3 at the face. The operators predict a button
of 5 as tiney procedd down dip. This is not over-coptimistic as thé coal is
composed mainly of those macerals thiat contributé volatiles and hence swelling
of the coke. The lower indices of 1 $nd 3 obtained on the samples mentioned above
may be due to oxidation of coal collected veiatively near the outcrop.

This avundance of reactives is detrimental to the process of coke making
with this coal since the inert macerals which give strength to coke are present in
very small proportions. It is the lack of this inert component that gives a prcdigted
coke stability of only 9 for the seam even though one of the established petrographic
intervals gave a figure of 23. This was the highest figure obtained and, when weighed
against the 50-60 stability index produced by good coking coals, indicates a coke
of'inferior quality. The coal possibly could be used as a blend with a ceal which
is low in reactive macerals.

There was little petrographic indication of the high (8Z) resin
content attributed to this coal. This lack could be attributed to the amount

1/

of bitrinization undergene by the resin or by the superiority of a chemical

analysis to détermine the resin content of this coal.
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