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AP-S-4
April 12, 1965

ANVIL PCINTS OIL SHALE RESEARCIH CENTER
Rifle, Colorado

Enalytical Laboratory

Mineral Carbon Dicxide in Raw and Spent Shale
(AP-5-4)

Scope

This method is used to determine from 0 to 20 pmercent mineral
CO2 in raw and spent shale.

Qutline of Methed

The ground sample is treated with hydrochloric acid which de~
composes mineral carbonates. The carbon dioxide released
(mineral CO3) is absorbed by Ascarite and weiched. The percent
mineral COj is calculated from this weight.

Apparatus

The apraratus is shown in Figure 1, and is made un of the fol-
lowing components connected with rubber tubing:

a. Knorr Alkalimeter, Pyrex.

b. Absorption Bottles, Fisher-"illigan (2 needed).
c. Absorption Bulb, Vanier.

é. Absorption Bulb, Mesbitt (2 needed).

e. Drying Tube, 200 mm,

Peagents and Materials

a. Carbon dioxide absorbent, Ascarite,
8-20 mesh
b. Magnesium Perchlorate, anhydrous.

c. Indicating Drierite, 8 mesh.

d. Sulfuric 2cid, Reagent-grade, conc., sp gr 1.84.

e, Hydrochloric Acid, Reagent-crade, conc., sp or 1.19.
£. BAerosol(R) OT Solution, 10%, available fror Fisher

Scientific Co. (So-A-292).
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g. Cadmium Chloride Solution. Dissolve 200 g of
CdClz*2 1/2 H30 in distilled¢ water, add 20 ml of
conc. sulfuric acid. Cool and dilute to 1 liter.

Preparation of Apparatus

a. Packing the Nesbitt CO, Absorber

Pack the absorber as follows: Place a 1/2-inch
thick rad of moderately-packed glass wool at the
bottom., Follow this with a 2 1/2-inch layer of
loosely-packed Ascarite, 1/4-inch of alass wool,
1/2-inch of magnesium perchlorate, and finally
1/2-inch of glass wool. This absorber shcould be
replaced when it is 2/3 exhausted as indicated by
the Ascarite changing from brown to white. Discard
the white spent Ascarite; retain the good Ascarite.

b. Packing the Nesbitt H20 Absorber

Pack the absorber as follows: Place a 1/2-inch
thick layer of moderately-packed glass wool on the
bottom. On top of this, add a 2 1/2-inch layer of
magnesium perchlorate and a 1/2-inch layer of alass
wool.

c. Filling the Milligan HpS Absorbers

Fill the absorber, to 1 inch below the top with
200 g per liter cadmium chloride solution. Change
the second absorber to the first position when it
beagins to show a yellow precipitate. At the same
time, change the exhausted solution in the other
absorber and put it in the second nosition.

G. Filling the Vanier H20 Absorber

Fill the absorber to just over the glass coils with
concentrated sulfuric acid. Change the acid if it
becomes cloudy or if 1/2 of the following magnesium
perchlorate drying agent becomes moist.

e. Fillinog the Guard Tubes

Fill these by putting a laver of glass wool into the
vessels and then filling 1/2 the tube with Ascarite
and 1/2 with indicating Drierite. The Drierite,
which turns pink when exhaustec, can be regenerated
to its blue form by heating at 120° C in an oven.

Procedure

With the whole system connected as shown in Figure 1, aprly

vacuum to the exit tube and purge by drawing air through the

apparatus at 100 t 10 ml per minute for 15 minutes (the rate is
-D -
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adjusted with the needle valve). 2At the end of this time,
shut off the flow at the vacuum end, then close the vorts of
the COp absorber. Remove it and weigh it to the nearest
0.0001 ¢g. (Just before weighing, open the Nesbitt absorber
ports momentarily to equalize its pressure to atmoswvheric.)
Replace the absorber. Remove the Erlenmeyer sample flask and
weigh (to the nearest 0.0001 ) into it 2.0 % 0.2 g of sample
ground to -48 mesh. Add 4 ~ 5 drops of Merosol OT Solution
and 50 ¥ 5 ml of deicnized water. Close the stopcock on the
separatory funnel and add 25 ml of concentrated hydrcchloric
acid to it. Reassemble the amparatus, turn on the vacuum and
the water to the condenser. Immediately allow the acid to
flow into the flask at a rate that keeps the bubbling in the
Milligan bottle approximately the same as during the nurge
step. Heat the contents of the flask to boiling (If the con-
tents of the flask begin to back up into the senaratcry funnel,
reduce the heating rate momentarily.) Remove the heat and
allow the system to purge for 60 minutes, then turn off the
vacuum. Close the liesbitt absorber, allow it to egquilibrate
near the balance for about 15 minutes, then vent it and reweigh
it to the nearest 0.0001 c.

Determine a blank by the same procedure used fcr a sampnle,
except omit the sample.

Calculation and Report

$ lMineral COp = (ﬂ*ﬁl(100)

“There

the increase in weight of the lesbitt absorber for the

sample, in grams.

D = the increase in weight of the Nesbitt absorber for the
blank, in grams,

S = the weight of the sample, in grams.

5
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AP-S=5
April 20, 1965

ANVIL POTNTS CIL SHALE JESEARCH CENTER
Rifle, Cclorado

Analytical Laboratory

Ash Content of law and Spent Shale
(AP-S-5)

Scope

This method is used to determine the ash content of raw and spent shale.
The ash content is usually in the 65 to 907 range; however, the method
is applicable to any ash level of o0il shale,

Outline of Method

The ground sample is ignited in & muffle furnace to bum organic material
and to decompose carbonates, The inorganic material remaining is the
ash, and is free of volatile matter. The weight percent of material
remaining is reported as the ash content,

Apparatus

a. Muffle Furnace - Hevi-Duty 230 volts, safe working temperature -
1750° F, maximum temperature 1850° F, with chromel-alumel thermo-
couple and Wheelco 0-2000° F controller,

b. Compressed air line with needle valve leading into the rear of
the furnace chamber,

¢, Crucible - Wide Form, Coors Porcelain, Size No, 1
Procedure

Use the portion of the shale sample ground to -48 mesh, weigh about

2 grams (to the nearest 0,0001 g) of the sample into a weighed, ignited
crucible, Carefully heat the crucible with the sample on the front
part of the open muffle furnace until most of the organic matter is
bumed off, Then place the crucible inside the furnace and ignite at
9500 & 250 ¢ (17500 + 45O F) for two hours. Adjust the needle valve on
the air line so that about 500 ml per minute of air enters the furnace.
(This will ensure sufficient oxygen for buming during the two hour
period,)

Hemove the crucible from the furnace, allow to cool on the hard asbestos
surface by the furnace for a minute, and then in the desiccator for at
least one hour, fieigh the crucible and ignited sample to the nearest
0,0001 g.

-1~
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Calculation and Report

Wt 4 Ash = g_ X 100

There

R
3

the weight of the residue, in grams
the weight of the sample, in grams

[T

leport rzsults to the nearest 0.17 Ash,

Discussion

The original procedure was to ignite the sample for two one-hour pericds
with a cooliny period and weighing after each, 3Since no significant
weight differences were found, the method was modified to a single two
hour ignition,

This procedure is used for normal shale samples with negligible moisture,
The moisture content of typical raw and spent shales is about 0,3% and
0.05% respectively, loist shales are first dried at 220° F (105° C)
before ignition,



AP-S-6
April 20, 1965

ANVIL POINTS OIL SHALE RESEARCY CENTER
?ifle, Colorado

Analytical Laboratory

Moisture Content of Raw and Spent Shale
(AP-3-6)

Scope

This method is used to determine moisture content, greater than 0,01 wt 3%,
of raw and spent shale,

Qutline of Method

The ground sample is heated in an oven to remove any moisture present,
The percent loss in weight is the moisture content of the sample.

Apparatus

a, Oven - 230 v., maximum temperature 140° C, with thermometer
and regulator,

b. Evaporating dish - Pyrex, size E
Procedure

Use the portion of the shale sample zround to =43 mesh, Weigh about
10 grams (to the nearest 0,000l g) of the sample into a weighed, dry,
evaporating dish, Heat the sample in the oven at 1050 ( (220° F) for
two hours, Transfer the sample to the desiccator and allow it to cool
for at least one hour, Weigh the dish and dried sample to the nearest
0,0001 g.

Calculation end Report

Wt ¢ Moisture = .SI; X 100

here
L = the loss in weight of the sample, in grams
S = the weight of the sample, in grams

Report results to the nearest 0,01% lMoisture
Discussion

The two~hour dryinz time in the oven has been found adequate for normal
shale samples whose moisture content is less than 0,50%. Where shale
sample, whose moisture content is significantly above this level, are
encountered, an additional one hour heating period should be used as a
check on complete moisture removal,



AP-50G-7
June 23, 1965

ANVIL POINTS OIL SHALE RESEARCH CENTER
Rifle, Colorado

Analytical Laboratory

Total Carbon and Hydrogen in Raw ?nd Spent)Shale, Crude Shale 0il, and Recycle Gas
AP-500=7

ScoEe

This method is used to determine the total carbon and hydrogen contents of
o0il shale, shale oil, and recycle gas. The concentrations usually determined
are from 5 to 20 percent in shales and 80 to 85 percent in shale oils. Re-
cycle gas contains approximately 12 lbs, of carbon and 1 1lb, of hydregen per
thousand standard cubic feet.

Outline of Method

The sample is burned in a stream of oxygen in a packed combustion tube, The
products of combustion (carbon dioxide and water) are collected in Ascarite
and magnesium perchlorate, respectively, Interfering products, such as sul-
fur gases, are removed by the packing. The increases in weight of the carbon
dioxide and water absorbers are used to calculate the carbon and hydrogen in
the sample,

Apparatus
The apparatus (shown in Figures 1 and 2) consists of the following:

a. Organic Combustion Furnace -~ Multiple Unit, Type 123-T, manufactured
by Hevi-Duty Heating Equipment Company, Watertown, Wisconain,

b. Oxygen - USP, cylinder, with 2-stage regulator, valves, and flowmeter
(approximately 35 ml. of air/min, maximum rate).

c, Nesbitt Absorbers - (2 needed),

d, Combustion Tube = Vycor, 19 mm 0D, 3-ft. long.

e. Combustion Boat - Porcelain, 3ize 6

f. Stoppers - Silicone Rubber, Amber, Size No. 1 (2 needed),

g« Chromel-Alumel Thermocouples - No. 1 B & S Gauge, placed in the cen-
ter of each furnace section,

h. Pyrometer - West Instrument Corporation, liodel I, 0-1000° C, with a
6-position switch,

i, Gas Adapter - Pyrex, Custom-made, illustrated in Figure 2.
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j. Bottle - Aspirator, Tubing Outlet, Polyethylene, 2-gallon.
k., Rubber Tubing - Amber Latex, 1/8" 0.D., 1/32" wall:

1. Oas Sample Tube - Cylindrical, with straight stopcocks on both ends,
1000 ml.

Reagents and Materials

a. Asbestos Fiber - Acid-washed and ignited.

b, Asbestos ~ Platinized, S5%.

c. Ascarite -~ 8 to 20 mesh,

d. Magnesium Perchlorats ~ Anhydrous.

e, Silver Wool - For micro analysis,

f. Silver Wire - 34 B & S Gauge, pure grade.

g. Copper Gauze = 20 mesh,

h, Lead Dioxide-Asbestos Mixture - Prepare by thoroughly mixing one
part-by-weight of lead dioxide (brown powder, ACS grade, sultable
for micro-analysis) with 10 parts-by-weight of asbestos fiber,

i. Isad Chromate-Copper Oxide Mixture « Prepare by thoroughly mixing
one part-by-weight of lead chromate (Special Micro 12 to 20 mesh)
with 2 parts-by-weight of copper oxide (black wire, ACS grade, suit-

able for micro analysis).

jo Brine, 25% - Prepare by dissolving 297 grams of rock salt in water
end diluting to 1 liter,

General Instructions

Set the furnace controls to maintain the following temperatures:
1, Sample Furnace (lLi-inch)
a, Shale Oil and Organic Standards « . . « » « « « » 700% 10° C,
b. Raw and Spent Shale, and Inorganic Standards . . . 950% 10° ¢,
2, Middle Furnace (12-3nCh) & « « o s o o ¢ o » » o ¢ » o 680% 10° G,
3. End Purnace (8-inch) « « « o « o o « o « » + « &« « « » 190% 20° ¢,

Adjust and maintain the flow of oxygen through the combustion tube at 20-25 ml.
per minute,

Keep the middle and end furnaces and the oxygen flow on continuously,
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Packing the Combustion Tube

Start packing the combustion tube at the outlet end., First insert a No. 1
Silicone rubber stopper containing a 50-mm length of 8-mm 0.D., l-mm I.D:
capillary tubing. Thread about 10 strands of the silver wire, 60-mm long,
through the capillary (This serves to conduct heat along the capillary so
that no moisture will remain in it,) Pack the rest of the combustion tube
with the following, in the order given:

1.
2.
3.
L.
5
6,
7.
8.
9

10,

11.

10 mm of silver wool

5-7 rm of asbestos

200 mm of 1:10 PbO,-asbestos mixture
5-7 mm of asbestos

35 mm of crumpled silver wire

5-7 mm of asbestos

250 mm of 1:2 PbCrO)-Cu0 mixture

5-7 mm of asbestos

20 mm of platinized asbestos

20 mm of crumpled silver wire

30 mm roll of copper gauze

Care should be taken to pack the materials loosely, but to avoid leaving
spaces that would allow channeling of the gases,

Packing Absorbers

e

be

Nesbitt CO» Absorber

Pack the absorber as follows: Place a %-inch thick pad of moder-
ately packed glass wool at the bottom. Follow this with a 2%-inch
layer of loosely-packed Ascarite, i-inch of glass wool, %-inch of
magnesium perchlorate, and finally i-inch of glass wool. This ab-
sorber should be replaced when it is 4 exhausted as indicated by
the Ascarite changing from brown to white., Discard the white spent
Ascarite; retain the brown,

Nesbitt HoO Absorber

Pack the absorber as follows: Place a i-inch thick layer of moder-
ately-packed glass wool on the bottom, On top of this, add a 3/L-
inch layer of magnesium perchlorate, a Z-inch of glass wool, 13-inches
of magnesium perchlorate, and %-inch of glass wool. Replace the pack-
ing (retaining the dry magnesium perchlorate) when the 3/l4-inch layer

of magnesium perchlorate appears wet.

-3-
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Procedure for Raw and Spent Shale

Use the portion of the shale sample ground to minus LB8-mesh. Weigh 0.9t

0.1 g. of shale (to the nearest 0,001 g.) into an ignited combustion boat,
(Put as much of the shale as possible inte the center of the boat.) Have
the sample furnace heated to 950% 10° C, and in the pulled-back position.

Place the two absorbers (which have been purged with oxygen and weighed to
the nearest 0.0001 g,) in position with their ports open. Attach the magne-
sium perchlorate HoO absorber next to the combustion tube, and connect the
Ascarite COp absorber to the water absorber with a short length of latex tub-
ing,

Remove the inlet stopper from ths combustion tube and carefully, but rapidly,
insert the sample boat into the tube, past the sample furnace, and up to within
one-inch of the middle furnace. Replace the stopper and bring the sample furn-
ace just up to the sample boat,

As the organic matter in the sample vaporizes and chars, advance the furnace
slowly (about }-inch per 5 minutes). If the oxygen flowmeter shows an appre-
ciable decrease in flow, slow the rate of advance of the furnace., After the
sample furnace has been brought flush with the middle furnace, continue to
purge for LS minutes, then pull back the furnace, and remove and close the
absorbers.,

After the absorbers have cooled near the balance for L5 minutes, vent them
momentarily, and reweigh them to the nearest 0,0001 g.

Procedure for Shale 0il

Use the water-and-sediment-free liquid product (crude shale oil) as obtained
by the procedure, "Treatment of Iiquid Product Samples." Weigh 0.15% 0,01 g,
of sample (to the nearest 0.0001 g.) into an ignited combustion boat. Have
the sample furnace heated to 700f 10° C, and in the pulled-back position,

Place the two absorbers (which have been purged with oxygen and weighed to the
nearest 0,0001 g,) in position with their ports open, Attach the magnesium
perchlorate HoO absorber next to the combustion tube, and connect the Asca-
rite COp absorber to the water absorber with a short length of latex tubing.

Remove the inlet atopper fram the combustion tube and carefully, but rapidly,
insert the sample boat into the tube, past the sample furnace, and up to with-
in one-inch of the middle furnace. Replace the stopper and bring the sample
furnace just up to the sample boat,

As the sample vaporizes and chars, advance the furnace slowly (about § inch
per 5 minutes)., If the oxygen floumeter shows an appreciable decrease in
flow, slow down the rate of advance of the furnace, After the sample furnace
has been brought flush with the middle furnace, continue to purge for 20 min-
utes, then pull back the furnace, and remove and close the absorbers.

After the absorbers have cooled near the balance for LS5 minutes, vent them
momentarily, and reweigh them to the nearest 0.0001 g.

-
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Procedure for Recycle Gas

a. Calibration of Gas Sample Tube

Clean and dry the gas sample tube and weigh it to the nearest 0.1 g.
711 it, including the stopcock bores, but not the tubules, with dis-
tilled water. Reweigh to the nearest 0.1 g, Record the water tem-
perature,

Calculate the volume as follows:

- W
V=5

where,
V = the volume of the tube, in milliliters

W = the difference in weight between the empty and full
sample tube, in grams

D = the density of distilled water at the recorded water
temperature, in grams per milliliter

b. Collecting a Sample

Fill a calibrated l-liter gas sample tube with a 25% brine solution,
With the sample gas, purge a short length of hose attached to the gas
sample holder, then while still purging, attach the sample tube,

With the hose at the top, open the top stopcock, and then the bottom;
allow the brine to flow into a container. When the sample tube is
full of gas, close the bottom stopcock, and then the top one.

¢, Procedure

Attach the sample tube to the apparatus as shown in Figure 2, and

allow it to equilibrate for at least 15 minutes, Then dip the bottom
tubule about 1/8-inch below the surface of water hsld in a small beaker.
Open the bottom stopcock and allou excess gas to escape, then close

the stopcock. BRecord the temperature (T) at the sample tube and the
barometric pressure (b).

The combustion furnaces should be maintained at the temperatures
mentioned previously except that the sample furnace should be kept off.

Position the T-stopcock so that both the oxygen supply and the sample
tube will be connected to the furnace. Connect the absorbers that
have been purged with oxygen and weighed to the nearest 0.0001 g.
Open both stopcocks on the sample tube, then release the pinch clamp
on the tube leading from the 25-percent brine reservoir. Adjust the
brine rate so that the sample tube will be full of brine in about LO
minutes. UWhen the brine reaches the top of the upper tubule, close
both stopcocks (top one first) and tighten the pinch clamp,
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Continue purging with oxygen for an additional 20 minutes, Discon=-
nect and seal the absorbers, and let them equilibrate near the bal-
ance for at least L5 minutes. iomentarily vent the absorbers, then
weigh them to the nearest 0.0001 g,

Calculations

Qe

b,

Raw and Spent Shale, and Shale 0il

Wt, % Carbon = (27.29)(C02)
S

Wte % Hydrogen = (11.19)(H,0)
3

where,
COp =

Hy0 =
S =

the increase in weight of the COp absorber, in grams,
the increase in weight of the Hy0 absorber, in grams.

the weight of the samole, in grams,

Report results to the nearest 0,1%.

Recycle Gas
Ibs. Carbon/MSCFy,, = (uh.88)(C0,)(273 + T)

(b-a) (V)

Ibs. Hydrogen/MSCFary = (18,40)(H,0)(273 + T)

where,
Cop =
HoO =
b =

a =

T =

vV =

(b-a) (V)

the increase in weight of the CO, absorber, in grams.
the increase in weight of the H,0 absorber, in grams.,
barometric pressure, in mm. Hg,

vapor pressure of 25% brine solution at the temperature
near the sample tube (see attached Table I).

temperature near the sample tube, in °C.

volume of the sample tube, in liters.

MSCFypy = thousand standard cubic feet of dry gas (1 atm. and 60°F.)

Report results to the nearest 0,01 1b. below 10,0 lbs. and to the -
nearest 0.1 1b, above 10.0 1lbs,



Table I - Vapor Pressure of 25% Brine at Various Temperatures

Temperature, °C.

20
21
22
23
2L
25
26
27
28
29
30
31

Vapor Pressure, mm Hg.

4.2
15,1
16.1
17.1
18,1
19.2
20,k
21,7
23.0
2L.3
25.8
26,2

AP-50G~7



TOTAL C-H IN SHALE, SHALE OIL, AND RECYCLE GAS

FIG. 1 _CARBON—-HYDROGEN APPARATUS
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AP-30-8
June 22, 1965

ANVIL POINTS OIL SHAIE RESEARCH CENTER
Rifle, Colorado

Analytical laboratory

Nitrogen in Raw and Spent Shale and Crude Shale 0Oil
(4P-50-8)

Scope

This method is used to determine the total nitrogen content of shale and
shale oil, The range of concentrations is usually 0,1 to 3%; however, any
concentrations between about 100 ppm and 50% can be determined, All types
of compounds except those having a nitro or -N=N- group, or nitrogen in a
ring, can be determined.

Cutline of Method

The sample is decomposed by digestion with concentrated sulfuric acid and a
catalyst; the nitrogen is thereby converted to ammonium sulfate, After the
resulting solution is made alkaline, aumonia is distilled off into a boric
acid solution. The borate formed is titrated acidimetrically with standard
sulfamic acid to a methyl purple end point. The total nitrogen in weight
percent in the original sample is calculated.

Apparatus and Materials

a. Digestion and Distillation Apparatus, Kjeldahl - Precision Scientific
Company, Cat. No, 5482, 6-position,

b, Flask, Kjeldahl - 800-ml, long neck, Pyrex, with Kool-Grip cork
Jjacket.

¢. Connecting Bulb - Fisher 3cientific Company, Cat. No., 13-188, fitted
with a No, 7 rubber stopper.

d, TFlask ~ 500-ml Hrlenmeyer, Pyrex.
e. Hengar Granules - plain (not selenized).

f. Buret - 25-ml, graduated in 0.1 ml divisions.

a. Sulfuric Acid - Reagent-grade, conc., sp. gr. 1l.84.
b. lMercury iMetal - Redistilled, N. F,
ce DPotassium Pyrosulfate - Fused powder, ACS grade.

d. Zinc lietal - Dust, low nitrogen.
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Boric Acid-Methyl Purple Solution ~ Prepare by dissolving 8 * 0.1 g,
of reagent-grade boric acid in distilled water, adding L ml of
methyl purple indicator solution (available from Fisher Scientific
Co., Cat. No., 30-I-9) and diluting to 1 liter,

3tandard Sulfamic Acid Solution, 00,1000 N - Prepare by weighing ex-
actly 9.7100 g. of reagent grade sulfamic acid (NH280 H) into a 1
liter volumetric flask, Dissolve the salt in distilled water and
dilute to 1 liter,

Sodium Hydroxide Solution - 50% /W, for Xjeldahl Nitrogen Determi-
nation,

Procedure

=R}

Digestion

Use the portion of shale sample ground to minus L8-mesh or the water-
and-sediment-free liquid product (crude shale o0il) as obtained by
the procedure, "Treatment of Iiquid Procduct Samples."

Weigh 2.5 ¥ 0.2 g. of shale or 0.5 * 0.1 g. of crude shale oil into
an 800-ml {jeldahl flask. (Weigh to the nearest 0.001 g.) Add

30 * 1 g. of potassium pyrosulfate, 25 ¥ 1 ml of sulfuric acid,

1.3 * 0.1 g. of mercury, and 2 Hengar granules, Heat, gently at
first, then more strongly until the mixture boils. If frothing
occurs, reduce the heat until the frothing stops. Swirl the con-
tents periondically. As digestion progresses, the dark charred ma-
terial will gradually lighten to a transparent straw-colored liquid.
In the process, some acid will usually be consumed., Add acid in 1
to 3-ml increments to keep the volume at about 25 * 1 ml. After the
solution has become straw-colored, boil it gently for 1 hour, then
cool to room temperature. Add 250 ml of distilled water slowly, with
swirling, to dissolve precipitated salts. Cool the solution to ice
temperature,

Distillation

Rinse the connecting tube and trap with distilled water and turn on
the condenser cooling water. To a 500-ml Erlenmeyer flask, add 50 ml
of the boric acid-methyl purple solution., Place the receiving flask
under the delivery tube so that the end of the tube is about 1/16-in.
from the bottom of the flask.

Add 6.0 * 0.1 g. of powdered zinc to the ice-cold solution in the
Kjeldahl digestion flask, Incline the flask and slowly add, down
the side, 85 ml of 50% sodium hydroxide solution to form two layers.
Do not mix the solutions at this time, since this will cause a loss
of ammonia, Quickly connect the digestion flask to the connecting
bulb and distillation apparatus, Turn on the heat and immediately
mix the contents of the flask by swirling. Distil until the receiv-
ing flask contains about 200 ml. Disconnect the receiving tube; re-
move it and the flask together. Rinse the liquid clinging to the
tube into the flask,
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c. Titration

Fill a clean 25-ml buret with 0.1000 N sulfamic acid solution. Ti-~
trate the distillate to the first permanent gray end point. Record
the volume of the sulfamic acid solution used,

Whenever new reagents are used, make a blank determination, in dupli-
cate, exactly as in the above procedure but omitting the sample.

Calculation and Report

Wt.% Nitrogen = N(Va - Vg)(1L.01)(100). (0.1L01)(Vy = Vg)
(5)(1000) (S)

Where :
N = the normality of the sulfamic acid (0.1000),

Vay = the volume of 0,1000 N sulfamic acid solution used for the sample
titration, in milliliters.,

Vg = the volume of 0,1000 N sulfamic acid solution used for the reagent
blank, in milliliters.

S = the weight of the sample, in grams,

Report the nitrogen content as follows:
less than 0.1%, to the néarest 0,001%

0.1 to 5.0%, to the nearest 0,01%



AP~0-9
May 1L, 1965

ANVIL PCINTS OIL SHALE RESEARCH CENTER
2ifle, Colorado

AJALYTICAL LABORATGRY

API Gravity of Crude Shale 0il
(AP-0-9)

Scope

This method is used to determine the API gravity of crude shale oil,
The range normally encountered is from 17° to 26° API,

Outline of Method

The oil sample is heated to 100° F (37.80 C), and a pipetful is weighed,
From the density at 1000 F, suitable corrections are applied, and the
APTI gravity at 600 F is calculated.

Apparatus

a, Constant Temperature Bath - Lab~Line Instruments, Inc.
No. 3084 "Magnestir®, % 0,10° C, with No, 3009 Gable Cover
and Vo, 5513} 'Tasserman test tube rack.

b, Test Tubes ~ Pyrex, 150 mm x 18 mm

c, Pipets - see Drawing lio. RE SK 18; available from Scientific
Glassblowing Co., Houston, Texas

d. Horizontal Pipet Support - 5 1/2 inch x 6 1/2 inch; 6 pipet
capacity,

Procedure

Use the water-and-sediment-free liquid producat (crude shale o0il) as
obtained by the procedure, "Treatment of Liquid Product Samples',

Pour about 10 ml of the oil sample into a test tube and place it into
the 100° F constant temperature water bath., Insert a stendard pipet
into the test tube with the oil, Leave the cover off the bath, Allow
the 0il, test tube, &end pipet to equilibrate for 15 minutes,

*Tith the test tube still in the water bath, withdraw exactly a pipetful
of oil. The o0il should not rise more than 1/8 inch above the calibration
mark, ‘'ipe the outside of the pipet dry and lay it on the pipet support
next to the balance, After a 10 minute equilibration period, weigh the
full pipet to the nearest 0,001 gram,
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Calculation and Report

For the pipet used (note the letter marked on the bulb), refer to the
prepared table to read the API gravity at 60° F for the observed weight
of pipet + oil.

Report results to the nearest 0,1° API.
Discussion

For each pipet, a computer table has been prepsred listing weight of
pipet + o0il, specific gravity at 60° F, and API gravity at 60° F,

These have been prépared using the weight of the empty pipet, the
calibrated volume of the pipet at &0° F, correction factors for temp-
erature, and the relationship between API gravity and specific gravity,
The equations used in the computer are the following:

T = (1,0127 3 ~ 0.0202) (V) + P

G = 141.5/5 - 131.5

here

T = the weight of pipet + 0il, in grams

S = specific gravity at 60°/60° F

V = the volume of the pipet, in milliliters
P = the weight of the empty pipet, in grams
G = APT gravity at 60°/60° F

If a computer table is not available, the calculation is made as
follows:

D=1=P
v
S =D+C
where D = specivic gravity (density)at 100° F
C = correction found using table below:
D C
0,800 - G843 0,010
O..BIJJJ. - 00916 O;OO9
00917 - l.OOO 0.008

"These corrections were obtained by converting the specific gravities
determined at 37.8°9/37.8° C to 37.89/15.4° C by multiplying by the
factor 0,994, (density of water at 37.8°/density of water at 15.6° C)

%
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Calculation and deport

For the pipet used (note the letter marked on the bulb), refer to the
prepared table to read the API gravity at 60° F for the observed weight
of pipet + oil.

Report results to the nearest 0,1° API.,
Discussion

For each pipet, a computer table hss been prepared listing weight of
pipet + oil, specific gravity at 60° F, and API gravity at 60° F,
These have been prépared using the weight of the empty pipet, the
calibrated volume of the pipet at 60° F, correction factors for temp-
erature, and the relationship between API gravity and specific gravity,

The equations used in the computer are the following:

T = (1.0127 S - 0,0202) (V) + P

G = 141.5/5 - 131.5

Vhere

T = the weight of pipet + o0il, in grams

S = specific gravity at 60°/60° F

V = the volume of the pipet, in milliliters
P = the weight of the empty pipet, in grams
G = API gravity at 60°/60° F

If a computer table is not available, the calculation is made as
follows:

v

S D+C

I}

vhere D = specivic gravity (density)at 100° F
C = correction found using table below:

D c
OOBOU - OOHLT}— 0.0lo
0.8LL ~ 0.916 0,009
0,917 - 1.000 0,008

"These corrections were obtained by converting the specific gravities
determined at 37.8°/37.8° C to 37.80/15.6° C by multiplying by the
factor 0.99L, (density of water at 37.8°/density of water at 15.6° C)

kY
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then converting these values to specific gravities at 15,6°/15.6° ¢
by the use of standard conversion tables, s

Use the S.G, at 60° F - API Gravity at 60° F tables to convert S to G.

% "Analytical lMethods for Use on 0il Shale and Shale 0il" p, A-1-15,
Intra-Bureau Report, OSRJ 32, Petroleum & Oil-Shale Experiment Station,
Bureau of ifines, Laramie, Wyoming, August 1949.
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ANVIL POINTS OIL SHALE RESEARCH CENTER
Rifle, Colorado

Analytical Laboratory

Water and Sediment in Liquid Product
(AP-0-10)

Scoge

This method is used to determine the amounts of water and sedi-
ment in liquid product samples. Licuid nrcduct consists of

crude shale o0il, water, and sediment. The method is most accurate
when the total water and sediment content of the sample is less
than about 3 weight percent.

Outline of Method

The weighed sample is heated, and then centrifuged to separate
the 0il, water, and sediment. The amounts of water and sediment
are then measured, and the wt % water and vol/wt % sediment cal-
culated.

Aggaratus

a. Centrifuge - 0il Testing, International Model DE
with (204) 4-place head, (338) aluminum cups, and
(568) neoprene cushions.

b. Centrifuge tubes - 100-ml, oil, pear shape, Kimax;
stem graduated up, from 0 to 3 ml by 0.1 ml; body
graduated from 3 to 10 ml by 0.5 ml, from 10 to 25
ml by 5 ml, and at 50 and 100 ml.

c. Water bath ~ 80° C, with holder for six centrifuge
tubes.

d. Corks - size 4

e. “leicghing sling
Procedure
The liquid product sample is submitted in a corked, lettered,
100-ml centrifuge tube. The weights of each emnty centrifuge
tube without cork, but with the wire weiching sling, are recorded
in the "Water and Sediment” laboratory notebook.

Wipe the outside of the centrifuge tube clean and weigh (without
cork, but with the wire weighing sling) to the nearest 0.01 gram.

-1~
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Heat the tube and its contents in the 80° C water bath fer 10

minutes. Centrifuge for 10 minutes. Insert a small wire into
the sample and sharpen the water = 0il interface. Reheat the

tube in the water bath for 5 minutes, and re-centrifuge for 5

minutes.

Read the volume of the sediment and of the water to the nearest
0.05 ml in the stem, or as close as practical in the body of
the centrifuge tube.

Calculation and Report

The density of the water is assumed to be 1.00 gm/ml
W

Wt % Water = g X 100
Vol/1t & Sediment = —%— X 100
Where

-y

nwy
Wun

-3

the volume of the water, in milliliters

the volume of the sediment, in milliliters

the weight of the liguid product sample, in grams
Report results to the nearest 0.05%.

Discussion

If there is little or no water present, the amount of sediment
may be difficult to read. 1In this case, record the volume of
the water, then add about 1 ml of distilled water to the sample,
shake well, warm if necessary, and centrifuge for 10 minutes.
Read the volume of the sedirent.
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ANVIL POINTS OIL SHALZ RESEARCH CINTER
Rifle, Colorado

Analytical Laboratory

Ramsbottom Carbon pesidue of Crude Shale 0Oil
(AP-0~-11)

The method used is "lamsbottom Carbon .esidue of Petroleum Products',
ASTM D 524~62, Below is a condense. version of the "Procedure" and
"Calculation and Report! sections of this method as used in this
laboratory.

Procedure

Use the water-and-sediment-free liquid product (crude shale oil) as
obtained by the procedure, "Treatment of Liquid Product Samples." If
necessary, warm the oil slightly to reduce its viscosity. Strain the
sample throush & 100-mesh wire sirainer,

Weigh a new glass coking bulb, that is clean and dry, to the nearest
0.0001 gram. By means of the hypodermic syringe, introduce approxi-
mately 1,5 grams of sample into the weighed bulb, and reweigh to the
0.,0001 gram, lake sure that no oil remains on the exterior surface
or on the inside of the neck of the bulb,

Place the bulb in the selected well in the furiece, and allow it to
remain for 20 X 2 minutes. (Be sure the furnace is at tha eorrect
temperature.) Remove the bulb with metal tongs, the tips of whirh
have just been heated., Allow the bulb to cool on the rack for a few
minutes and then in the desiccator for one hour. Brush any particles
off the bulb, and weizh it to the neerest 0,000l gram. After the
calculation below is made, and the weight of the ignited sample is
checked (if necessary), discard the used bulb,

Calculation and Report

Wt. % Ramsbottom Carbon Residue = SR' x 100
Where

R = the weight of the residue, in grams

-

S = the weight of the sample, in grams

Report results to the nearest 0,1%,
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lfay 21, 1965

ANVIL POINTS OIL SHALE RCSEARCH CENTER
Rifle, Colorado

Analytical Laboratory

Ash Content of Crude Shale 0il
(AP-0~12)

The method used is "Ash from Petroleum Oils", ASTM D L482-63 with
slight modifications, Below is the version of this method used in
this laboratory.

Apparatus

a, Mffle Furnace - Hevi-Duty Type 62, 230 volts, safe working
temperature 17500 F,, maximum temperature 18500 F,, with
chromel-alumel thermocouple, and "'est 0-20000 F temperature
indicator,

b. Heat Lamps - "Infra-igediator",

c. Evaporating Dish - Coors porcelain, size 3,

d. Isopropyl Alcohol - reagent grade.

e, Filter paper - ""hatman no. 42, %cm circle,
Procedure

Place the quart bottle sample in the oven (~1L0° F) for about one
hour to allow any water and heavy sediment to separate. Withdraw
approximately 50 grams of the oil, transfer to a previously ignited
and weighed evaporating dish, znd weigh to the nearest 0,000l gram,
Since the sample may still contain some water, it should be dried
before burning., Add about 2 ml of isopropyl alcohol to the weighed
0il sample, mixing as much as possible, Heat the oil under the
infra-red heat lamps for about one hour,

Then place a circle of filter paper on top of the o0il, and heat the
dish and sample with a lMeker burner until the oil can be ignited
with a flame. Maintain at such a temperature that the szmple con-
tinues to burn at a2 uniform and moderate rate, leaving only ash
and carbon when the burning ceases,

Place the crucible with the residue in the muffle furnace, leaving
the door partially open (for oxyzen supply) until the carbon has
burned off. Then close the door, and heat at 11,250 % 50 F (7750 &
250 ¢) for two hours.
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Handling of the dish with the light ash during the remainder of the
analysis should be done with great care so as not to lose any ash
by it being blown away. Turn off the hood in the furnace room.
Carefully remove the crucible from the furnace, allow it to cool
for a few minutes, and then place it in a desiccator until cool

enough for weighing, ™eigh the crucible and ash to the nearest
0.0001 gram,

Calculation and Report

Wte 4 Ash = sR‘ x 100
TThere

the weight of the residue, in grams
the weight of the sample, in grams

non

R
5

Report results to the nearest 0,01%.
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May 21, 1965

ANVIL POINTS OIL 3HALE RESEARCH CENTER
Rifle, Colorado

Analytical Laboratory

Saybolt Viscosity of Crude Shale 0il
(AP-0-13)

The method used is "Saybolt Viscosity", ASTM D 88.-5A. 4wu vieensity
measurements are made ~ one at 130° F., the other at 2.0° F,

Use the water-and-sediment-free liquid product (crude shale oil)

as obtained by the procedure, "Ireatment of Liquid Product Samples.®
Determine the viscosity at 130° F. using the Precision 2-position
viscometer, catalog no., L962; determine the viscosity at 2100 F,
using the Precision L-position viscometer, catalog no. 7L4966.
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May 25, 1965

ANVIL POINTS OIL SHALE RESEARCH CENTER
Rifle, Colorado

Analytical Laboratory

Pour Point of Crude Shale 0il
(AP-0-1L)

The method used is "Cloud and Pour Points", ASTM D 97-57. Below is
a condensed version of the "Procedure" of this method as used in

this laboratory.
Procedure

Use the water-and-sediment-free liquid product (crude shale oil) as
obtained by the procedure, "Treatment of Liquid Product Samples.!
Pour the o0il into the test jar to the mark; about 50 ml is required.
Assemble the cork and thermometer according to paragraph 5 (b) of the
A3TM procedure, Heat the oil, without stirring, to 115° F. Place
the test jar in the cooling apparatus (filled with ice and water)
according to paragraphs 5 (d) (e) (f) of the AST!! procedure. When
the temperature reaches 1059 F, remove the jar from the cooling
jacket and look for oil movement according to paragraphs 5 (g) and
(h) of the ASTM procedure,

Note that the pour point is 5° F above the temperature where no
movement is observed. (The pour point of crude shale oil from the
gas combustion retort will usually be approximately 85° F,) .
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June 15, 1965
ANVIL POINTS OIL SHAIE RESEARCH CENTER
Rifle, Colorado

Analytical laboratory

Distillation of Crude Shale 0il
(AP-0-15)

The method used is "Distillation at Reduced Pressure of Petroleum Preducts,”
ASTM D 1160-61, at 10mm. pressure. Some details of the method as used in
this laboratory are given below,

Apparatus

The apparatus used conforms to the specifications of the ASTM method. Some
of the particular componenis used in this laboratory are described below.

de

b,

Co

d.

€a

f.

Ee

Reagents

::

b.

Flask (insulated), Column (insulated), Condenser, Receiver, Heater,
Cold Traps, and Thermocouple ~ available from Scientific Glassblow-
ing Co,, Houston, Texas.

Potentiometer - Honeywell ilodel 2720.

Pressure Measuring System - Vacuum gauge, model 68, available from
Fischer Scientific Co., Catalog No. 11-250.

Pressure Regulating System - ROI Absolute Pressure Control, 2200,
available from Cole-Parmer Instrument and Equipment Co., Catalog
Ho., 911; with bleed needle valve,

Vacuum System ~ Single stage vacuum pump, Welch No. 1LOL H (33.L
liters/minute); 15 gallon surge tank,

Coolant Circulating System - 12-qt, round bottom Jar; Automerse
Heater, 850 watts, available from Fischer Scientific Co., Catalog
Wo, 11-463-10V3; Circulating Pump, Eastern Centrifugal Pump, Model
D"é, Type lOO, 1550 TeP.I,

Filter Funnel - 100-mesh, as described in ASTHM D 88.

Mercury - Instrument grade,

Calcium Chloride - 8 to 12-mesh.
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Procedure

Use the water-and-sediment-free liquid product (crude shale oil), as ob-
tained by the procedure, "Treatment of Iiquid Product Samples." Dehydrate
the sample as described in section A5 of the appendix of the ASTM method.
Filter the dried oil through the 100-mesh filter funnel,

Follow the "Procedure'" in the ASTM method, using 10mm pressure. Adjust
the temperature of the coolant to 125 * 50 F,

Use form OSRC-2L4 to record the required data,

Galculation and Report

Complete form OSRC-2L. Use Chart 53-12% to convert the temperature read-
ings at 10mm. to equivalent temperature at 760mm.

Discussion

Use the prepared table to determine the weight of sample equivalent to
200 ml, at 125° F, The table was prepared from the following relationship:

S = l9h088D
where:
S = the weight of the sample, in grams, equivalent to 200 ml.

at 125° F,
D = the density of the sample, in grams/milliliter at 60° F.

The density is obtained directly from standard API Gravity-Density-S.G.
conversion tables,

# M"Vapor Pressure Charts for Petroleum Hydrocarbons", J., B. Maxwell and
L. 3. Bonnell.
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ANVIL POINTS OIL SHALE RESEARCH CENTER
Rifle, Colorado

Analytical Laboratory

API Gravity of Vent Purge 0il
(AP-0-16)

The method used is "API Gravity of Petroleun Products," Hydrometer
lethod, ASTM D 287-~55.

If there is any water present in the sample, it is separated by
allowing the sample to stand in a separatory funnel for about one
hour. The water and some of the oil is drawn off; the gravity
measurement is made at room temperature on the oil remaining,
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July 7, 1965

ANVIL POINTS OIL SHALE RESEARCH CENTER
Rifle, Colorado

Analytical Laboratory

Analysis of Recycle Gas
(AP-G-17)

This method is used to determine 002, 02, N2, GHh’ Co, Ar, and H2 in gas com-
bustion retort recycle gases,

Outline of Method

The method consists of (1) collecting a composite sample in a gas holder over
the duration of a retort run and (2) transferring a portion to a gas chroma-
tograph, where the individual gases are separated and their peaks recorded.
The concentrations of the gases are calculated from these peaks,

Apparatus and Materials

Ae

b.
Ce

d.

€

f.

g
h.

i.

Gas Chromatograph - Fisher Gas Partitioner, Model 25V; column No, 1-
30 in., 30% HMPA (hexamethylphosphoramide) on 60/80 mesh Columpak;
column No, 2 - 6% ft., L2/60 mesh activated Molecular Sieve 13X;
2-ml, sample loop.

Thermal Stabilizer - Model 27 for Fisher Gas Partitioner.
Recorder - Sargent Model SR-25 with 1,0 mv, range plug.

Drying Tube - available from Fisher Scientific Co., cat. no. 11-134-125
(filled with indicating drierite, 10-20 mesh).

Drying Tube ~ straight form, single bulb, Pyrex, 100 mm. (filled
with anhydrous magnesium perchlorate).

Bubble column assembly - available from Fisher Scientific Co., cat.
No, 6—390-650

Carrier Gases - Helium 99.99%; Nitrogen 99.9963%.

Gas Regulator - (for carrier gases) Gas chromatography regulator
No. 8G, available from Matheson Co. (2 needed).

Calibration gas mixtures ~ suggested concentrations, available
from Matheson Co., analyzed
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Nominal Vol. %

Gas A B
002 16 30
02 0.1 1
H2 6 2
Co 3 6
CH

L 1 3
N, 65 55
He Bal. Bal.

J. Calibration gas - Carbon Dioxide, 99.8% min., Bone Dry grade.

ke Oylinder gauge and valve (for calibration gases) -~ No. 52 needle
valve with tank gauge, available from Matheson Co. (2 needed).

l. Syringe - Gas tight, 0.50 ml., with Chaney adapter, available from
Hamilton Co., Inc,

m, Gas holder - Approx. li-cu.ft. capacity.

n. Brine solution, 25% - Prepare by using 2.5 lbs. of rock salt for
each gallon of solution,

Collecting a Sample

The sampling system is shown in Fig. l. Approximately 1% cubic feet of gas per
hour is sent from the retort, through the heat-traced line, to the laboratory.
At the laboratory, the proper valves are opened and the flow into the gas
holder is regulated to collect about 0,1 cubic foot per hour, while the rest

of the gas is exhausted outside. The sample in the gas holder can be conveyed
directly to the laboratory chromatograph for gas analysis.

Preparation of Instrument for Analysis

The recorder should be kept on "Standby" and the thermal stabilizer should
be kept on, whenever it is expected that the instrument may be used within
about 3 days. When the chromatograph is to be used for the gases other

than hydrogen, use the helium carrier gas; for hydrogen, use the nitro-

gen carrier gas. Attach the "quick-connect" couplings from the proper
carrier gas supply and the bubble flowmeter. Adjust the flow to 80 % 0,5 ml.
per minute, Put the Partitioner on 2 percent sensitivity. After at least

a 15-minute warm-up and stabilization period, disconnect one wire at the re-
corder and short the input terminals, Turn the recorder to "Pen", and zero
the recorder at the right side of the chart (zero divisions) for the gases
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other than hydrogen, and at out 80 divisions for hydrogen, Reconnect the
Partitioner, and use the "Balance" control to adjust the pen at the same
zero as the recorder zero. Set the recorder to "Record" whenever sample

or standard gases are to be injected into the instrument.

Calibration

(4)

(B)

For Gases Other Than COo and NQ

The instrument is calibrated with the calibration gas mixtures. At least
two standards, bracketing the concentrations expected in the samples to
be analyzed, are needed. Calibrate as follows: Conduct a slow stream
(about 50 ml. per minute) of one of the standards through the %-ml.
sample loop for at least 10 seconds (making sure that the sample valve
knob is in the "out" position). Stop the flow, then immediately push
the sample knob in. When the recorder pen beging to trace the first
peak, pull the sample knob out again in preparation for the introduc-
tion of another standard or a sample. The peaks, after an initial
"Composite" peak, will appear in the order shown on the attached "Gas
Analysis Work Sheet" (OSRC-21). (The O, and Ar peaks appear as one.)
Use the instrument sensitivities shown fiext to each gas. (4 typical set
of chromatograms is shown in Fig. 2. The small "pips" after CO_ and

N, are caused by changing the sensitivity.) Make two chromatoggams for
each standard before and after each group of samples. If the duplicate
peak heights on any sample differ by more than 0.5 division, rerun that
sample, Average the peaks (measured from the base line at the same sens-
itivity as the corresponding peak) for each component of the gas mix-
ture, and enter the data on the work sheet. Record the differences (P)
between the average peak heights for the two concentrations of each gas
in the standards. Record the differences (C) between the concentrations
of each component gas. Calculate a factor C/P for each gas except CO
and N_. (The CO, and N, relationships between peak heights and concefi-
trati%ns are not always linear; if they are not, a simple factor cannot
be used for them.)

For CO2 and N2

Use the peaks obtained above for CO, and N,, and obtain additional peaks
by injecting 0,10 and 0,15 mo, of 002, and 0.25, 0.30, and 0,LO ml,

of N,, These volumes correspond to concentrations of 20, 30, 50,

60, and 80 volume percent, respectively, for a 0,50-ml. sample,

Note: Compare the peak height obtained by the loop and by 0.50
ml. on the syringe for both CO_ and N,, If the heights
are different (as they are liké&ly to %e), multiply the
peak heights obtained by the syringe, by the ratio of the
loop peak height to the syringe peak height. This will
adjust the syringe values to those obtained during normal
operations, when the loop is used.

Plot the concentrations along the abscissa (across) and corrected
peak heights on the ordinate (up) on linear graph paper. If the points
form a curve, use a French curve; if they form a straight line, use a
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straight edge to join them. Duplicate the curve, if one-is-obtained, cn a
piecs of plastic.

Subsequently, when standards are run, the two peak heights obtained

for each calibration gas can be plotted and then connected by using either
the appropriate plastic curve or a straight edge. This makes it unnecessary
to plot a new curve each time samples are run, The average peak height for a
sample is used to determine the concentration of that particular gas.

Sample Analysis

With the instrument and gas flow adjusted, open the valves that will permit
the sample to pass from the gas holder through the magnesium perchlorate-
filled drying tube into the sample loop. Allow it to flow long enough to
purge the system completely, then stop the flow, and immediately push the
sample knob in. When the recorder begins to record the composite peak, pull
the knob out. Use the sensitivities shown for each gas on the "Gas Analysis
Work Sheet."

Calculation and Report

Estimate, to the closest 0.1 division, the peak heights above baseline of

the different gases, Enter these peak heights on the work sheet, Calculate

the factors from the peak heights of the standard gases, then use these to
compute the concentrations of the gases in the sample. After determining

the nitrogen concentration, find the oxygen correction and the Argon content

from Table I, Subtract the total percentage from 100 to obtain "Others". Report
all results to the nearest 0,1 volume percent,

An example of a calculation is shown on the attached "Gas 4nalysis Work Sheet.”
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GAS ANALYSIS WORK SHEET
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~ EAXASS
L{#H ) 26 65 157 3.91 P
14B. NO. Q7% RUN NO. _39%
INST.
GAS SENS. AV. PEAK HT. FACTOR (C/P)
Co (2) 209 = 22 %00, (From COp Curve)
s N
10 3 ¢ X 0275 = 0,9 Subtract - RN 70
Oz (20) - \02 corr., A
No (2) o C =420 TNy (From 1} Ny Curve )
CH, (10) B X 049/5 s 7.0 fCH),
co (10) 10,7 X 0352% = 4.7 %00
H2 (10) /tg‘(g X 0&252 = éf'o".; %Hg
Al"gon ¢« + & o o s s & ¥ s w ¢ & & s e B s s . . = 0 g; %AI‘ (From Table 1)
Others ¢ 8 8 e + 8 & & & £ % 8 o & & 3 * & 8 0 & @ = /.5% (Diff. Trom J.OO)
IAB 0. RUN NO,
INST,
GAS SENS. AV.PEAK HT. FACTOR (C/P)
ooy (2 = —+ %0 (From O, Curve)
/ 5 .
0o (10) X = 0, ‘Subtract) =, %0
R 02 COIY. , —
No (2) = __+ #No (From Ny Curve)

n

. %CHu
. 3CO

u

= . %H2

I—————

0., %Ar (From Table 1)

= , % (Diff. From 100)
OSRC-21
Revised 6/65
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June 1, 1965

ANVIL POINTS OIL SHALE PESPEARCY CENTER
Rifle, Colorado

Analytical Laborestory

Benzene Extractables in Raw and Spent Shale
(AP-2-18)

Scope

This method is used to determine the amount of material that
can be extracted by hot benzene from a samnle of shale or

shale plus o0il,

Outline of Method

The method used is similar to "Sediment in Fuel 0il by Extraction®,
ASTM D 473-59: the apparatus used is identical.

The sample, in an alundum thimble, is extracted with hot benzene.

The amount of material extracted, as determined ky the loss of
weight of the sample, is calculatecd as the benzene extractalbles.

Apparatus
a. Extraction Flask - see ASTM D 473-59
b. Condenser - see AST'" D 473-59
c. Extraction Thimble -~ see ASTM D 473-59
d. Hot Plate -~ Precision six hot-plate unit, catalog

no. 65500, 115v, 1800 watts; with 25 arrere variable
transformer

Reagent

a. Benzene - Reagent, A.C.S.

Procedure

If possible, orind the sample to minus 48& mesh as described
in "Preparation of Raw and Spent Shale Samples': otherwise
use the sample as submitted, taking care to use a represent-
ative portion of it.



Ap-G-18

“leigh a dry extraction thimble that has been well extracted
with benzene to the nearest 0.001 gram. Place akout 10 crams
of the sample into the thimble,and reweigh it to the nearest
0.001 gram.

Pour 50 * 2 ml. of benzene into the flask. Hook the thimble
containing the sample onto the condenser and lower it into
the flask on the hot plate. ¢feat the condenser firmly on

the flask, and turn on the cooling water. (Refer to Ficure 1
of ASTM D 473-59)

2djust the heat so that the level of the benzene in the
thimble is about 3/4 to 1 inch kelow the top. Ceontinue the
extraction for fifteen minutes after the benzene dropping

from the thimble is colorless. Dry the thimhle and extracted
sample in air for five wminutes, and then in the 105° C (220° F)
oven for one hour. Allow the thimble to cool in the desiccator
for one hour, and then weigh it to the nearest 0.001 cram.

Calculation and Report

Wt % benzene extractables = % *» 100

“here
L = the loss in weight cof the sample (after extraction),
in grams
S = the weicht of the sample, in crams

Report results to the nearest 0.01%

Discussion

The ASTIM D 473-59 procedure should be consulted as a reference
for this method.

After completion of the test, the thimble should be well rinsed
with benzene, and dried.

Since benzene is toxic, avoid breathing the vapors and contact
with the skin.



AEP~--10
June 1, 19(5

MIVIL PCINTS CIL SHALF RU-TARCI: CTNTED
Rifle, Colorado

Analytical Lakcratorvy

particle Size Distribution of Raw and Spent Shale
(AP- "~19)

Scope

This method is used to determine the distrilkution of particle
sizes (less than 1 inch) of samples of raw and spent shale,

Cutline of Method

The dry shale sample is seagreated by narticle size on a series
of standard sieves. The weight percentace held by each sieve
is calculated.

Apparatus
a. S%eves -~ with pan and cover, £-inch, cf the followina
sizes:

Mesh Inches "esh Inches

- 1.050 8 .093

- .383 10 .0€5

- .742 14 .046

- .€24 20 .0328

.- 441 28 .0232

- .371 35 .0164

2 1/2 .312 48 .0116

3 .263 65 .0082

.185 100 .0058
5 .156 150 .0041

6 .131 200 .0029
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b. Sieve fhaker - Braun-Porter, accomodates one to six
standard B-inch sieves vith cover and nan.

Procedure

The shale sample used must be dry. If it is darr, “ry with
hot air or in the 105°C (220°F) oven: if it is cilv, wash
well with benzene, then dry with hot air.

Arrange the required sieves on the sieve shaker (larcest resh
at tor) with a man at the bottom. Pour the samnle onto the
top sieve, attach the cover and the strap. Turn on the
shaker, and shake for 1 to 3 rinutes depending upcn the gquan-
tity of the sample (larger amounts of garnle recuire longer
shaking time.)

{’hen the segrecgation is comnlete, weigh the amounts of sample
on each sieve and on the ran to the nearest 0.01 oram.

Calculation and Report

T = P+Sl+82+- LR D+Sn

t.% on sCreen = % x 100

"There
P = the weight of the samprle on the »nan, in c¢rars
8§ = the weight of the sample on each sieve, in crams
T = the total weight of the sample, in grars

Report the total weight to the nearest 0.1 aram,

Report the weight percent on each sieve and on the pan to the
nearest 0.1%.

In reporting the amount on each sieve, the icdentification of
narticle size is made usinag the mesh size of the sieve that
held the sample and the mesh size of the sieve immediately
above, through which that vortion of sammle passed. A "+" is
used to indicate the retaining sieve, and a "=" is used to
indicate the prassing sieve. An examvnle is civen htelow.

If a portion amounting to 15 wt.% of the total sarple was
retained on the 20 mesh sieve, and the sieve just abhove that
was 8 mesh, the following notation would be used: "-8,+20 15%."

The total of all weight percentages chould ecqual 100.0.



AP-S-20
June 1, 1965

ANVIL POINTS OIL SHALE RESEARCH CENTFR
Rifle, Colorado

2nalytical Laboratory

Density of Raw and Spent Shale
(AP~S~20)

Scone

This method is used to determine the (1) loose, (2) n»nacked,
and (3) solid densities of raw and sment shale.

Outline of Method

Loose Density - the volume of a weiched amount of loosely
packed dry shale is measured.

Packed Density - the volume of a weighed amount of ticghtly
packed dry shale is measured.

Solid Density - the difference in volume between a known
volume of toluene and the volume of a mixture of a weighed

amount of dry shale nlus the toluene is measured. The
density in arams/milliliter is calculated.

Lpparatus

a. Graduate -~ volume suitable for amount of samnle

Reagent

a. Toluene - technical agrade

Procedure

The shale sample used must be dry. If it is damp, dry with
hot air or in the 105°C (220°F) oven: if it is oily, wash well
with benzene, then dry with hot air.

Select a graduate of such size that it will be about three-
fourths or more filled by the sample.

a. Loose Density - Weigh the dried shale sample to the
nearest 0.0l agram 1if less than 100 grams, or to the nearest
0.1 gram is more than 100 grams. Pour it into the graduate,
and read the volume as closely as mnossible.
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b. Packed Density -~ "eigh the dried shale samnle to the
nearest 0.01 gram 1f less than 100 grams, or to the nearest
0.1 gram is more than 100 grams. Pour it into the graduate,
and jar the sample until a minimum volume is noted; read the
volume as closely as possible.

c. So0lid Density -~ Weigh the dried shale sample to the
nearest 0.01 gram 1f less than 100 arams, or to the nearest
0.1 gram if more than 100 qrams. Pour it into the cgraduate.
Use another graduate of the same size to add a known volume
of toluene to the shale until it is covered. Dislodge any
air bubbles. Read the volume of the sample plus toluene as
closely as possible.

Calculation and Renort

Loose Density = il

VL
Packed Density = S

v
Solid Density = 5

Vp = Vi

There

S = the weight of the sample, in grams

vy, = the volume of the loosely nacked samnle, in milliliters
Vp = the volume of the tightly packed sarple, in milliliters
V. = the volume of the toluene added, in milliliters
VT = the total volume of the sarple plus toluene, in

milliliters
Report densities to the nearest 0.01 gram/milliliter.

Discussion

A1l of these densities may be determined on the same sample:
if more than one is reocuested, the densities should be de-
termined in the order cgiven.
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FISCHER RETORT ASSAY

Anvil Points 0il Shale Research Center

Laboratory MNo. 1337 Date 5 /20/65
Sample Ko, RS - 3898
Letort No. | Receiver HNo. . Adapter Ho. Gi
Retort + Sample 2550% gm|Retort + Sp. Shale 2536,5 gm
. Retort (~) _24yq.5 Retort (~)_=2449-5
Sample Veight jol*3 gm|Spent Shale $7°'0 9m
Dist. + 3p. Shale (-) 93.2 - |pist, Veight (+) 22
Gas + Loss: - 2.1 om|Dist. + Sp. Shale 9q+2 gnm
Rec, + Adpo + Dist. t‘q.ﬂ agm
Rec. + Adp. (~) 107,57
Distillate Veight 12.21 gnm
lJater Vol. (Wt.) {-) 1.45
"0il Veight 1o+T76 9an
‘OIL 1076 gm 106 Wt % OIL
“ATER A | 45 gm | .Y Wt % VATER
SPENT SHALE 7.0  gnm $5.9 Wt % SPENT SHALE
CaS + LOSS 2.1 gm 2.1 Wt % CAS + LOSS
§i:'PLE LIGUT lo1.2] gm 100.0%
SEECIFIC CRAVITY OF OIL ' (041 Jeicht) (239.6)

(S.G, 60°/60°) (Sanple \leight)

A _10.76 ) (239.6)
veight (Pipet + 0il) 10.9%bgn [(@iqyy ) ( loj+3 J -

Pipet io. N

S. G. 60°/60° F 0,911 2789 CALLOKS/TON

Corments None.

fnaryst_ B checked oy (& (S
L :

OSnC=-13
Reviged 11/64.
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UNLESS OTHERW/ISE SFECIFIED.

NOTE: AlL WALL THICKNESSES SHALL BE Ze M.

no.| Dpare PRINT ISSUED TO . ANVIL POINTS FHL?CA‘S‘;; >
OlL SHALE RESEARCH CENTER
RIFCE GoLe | ADAPTER
PROJECT MANAGER-SOCONY NOBIL OIL CO,ING STARTED
JOB NO, CHARGE S2E-C 8
B 207’1? ;’D %) NG NO.
/- LOCATION RAWI X
APPROVED | PROCESS DESIGN SAFETY
: MENS, CHECIJANAL Y T/IcA L
I e “1RE 23

R3P7 (B.BB)
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ANALYTICAL LABORATORY FCRMS

Several forms have been prepared for use in the laboratory.
Each one is a different color so that it may be easily recognized,

A summary of the forms is given below and a copy of each is attached.

OSRC~12 LABORATORY ANALYSIS REQUEST
OSRC~13 FISCHER RETORT ASSAY

OSRC~15 SUPPLEMENTAL ANALYTICAL LABORATCRY
0OSRC~20 QUALITY CONTROL RESULTS REPORT
OSRC-~21 GAS ANALYSIS WORK SHEET

OSRC~22 ANALYTICAL LABORATORY REPORT

OSRC-2L DISTILLATION DATA SHEET



Lah. No.t;
moaamay ANALYSIS REQUES’.I.' |

ANVIL POINTS OIL SHALE stmnca cmtmnv
g Sample No. ~ —  Date . ‘V;'f;
Description | | ‘ L ",' Time B
(O riscuer assay — Oviscostry___ sus e 13007 ___
: Gal/Ton vascosx'rf __sus e 210°F ____
0. ‘ §.G. 04l o “YPour POINT | op
. 0il wt % 8uzs'rzl.m'rxou L
e Water wt 8 o |
. Sp. Shale Wt % OGAS ANALYSIS .
. Gas + Loss wt % Co2 . vol % “
() mmemaL cop . wt s 02 : vol ‘s
O ASH (Shale) .  wt®& _ N, . vol &
() mworsture . _wts ___ | cHy . ___vols
| CARBON* . Wt co . vol &
8 HYDROGEN* . wt% H2 . wvols
() nrrrocen . wts Ar ____ . vols
Others . vol & .
(O oravrry .- eapr __ |()pENzENE EXTR.__, _wt% ___
O WATER in LP___,  wt & Osxm ANAL. (See othgrf«éicief)'} o
'Kf O SEDIMENT in LP_ , v/t . QIL WIGHT —
O RAM, CARBON we s OWMER NN "N
o O BASH (011) _wt s O. o

*For gas samples these reaults are in LBS/MSCF.

COMMENTS

. DATE COMPLETED___




FISCHER RLTORT ASSAY

Anvil Points 0il Shale Research Center

Laboratory No, Date / /
Sample No,
Lketort No, Receiver lio. Adapter lo.
Retort + Sample . gm|Retort + Sn, Shale . gm
Retort (~) . Retort (=) .
Sample lYeight . gm{ Spent Shale *  gm
Dist. + 3p. Shale (~) . Dist, "eight (+) .
Gas + Loss . gm{Dist. + Sp. Shale + gnm

Rec. + Adp. + Dist, . gm

Rec, + Adp. {(~) R

Distillate Yeight . gm

Uater Vol. (Wt.) (~) .

0il Teight . gnm
S S A S I 2 T L I
CIL e . Tt % OIL
: ATER . . . Ut % UATER
SPLNT SHALE . . "t % SPLWT SHALE
Cas + LOULS . . 't % CAS + LOSS
8. PLL RICGUT or 100,0%
SELCIFIC CLAVITY OF OIL L(011 Neiqht)i (239.6)

(S.G. 60°/60°) (Sample ieight)

Pinet l'o.
veight (Pipet + 0il) . gn } (0. ) . )
S. G, 60°/60° F 0. . GALLOWS/TOMN
Comments
Analyst Checked Dy

0osrc-13
Revised 11/64



Lab, No.

SUPPLEMENTAL ANALYITCAL LABORATCRY REPORT

ANVIL POINTS OIL SHALE RESEARCH CENTER

Date

By

Lab No,

Samplse No.

Date

" Result

OSRC -~ 15
Revised 6/65






GAS ANALYSIS WORK SHEET

Date
Analyst
AV, PEAK HT,

INST.
GAS SENS. STD A STD B DIFF.(P) DIFF IN CONCN.,%(C) FACTOR (C/P)
(co, (2) '
jo‘? v+ (10) 0,66
! Np (2)
CH, (10) 1.41
00 (10) | . 3.96
(B (20) 3.91
14B, NO. RUN NO.

INST,
GAS SENS. AV. PEAK HT. FACTCR {(C/P)
Co, (2) = __o %00, (From COp Curve)
o (10) X = 0, /S‘ubtract; = . %0,

—— \02 corr., T :

Np (2) = _, %Ny (From N, Curve)
cH, (10) X | = . #CH)
co (10) X = . %CO
Hy, (10) X =__.

Argan e % ® & 2 & @ & s 2 8 ®F 9 8 s e = ® @ o.- « * = n %Ar (From Table 1)

Others e @ 8 ® s 4 & 9 e & B 8 & 5 & 8 & & 8 ® e @ = . % (Diff. From 100)

IAB 0, RUN NO.
INST.
GAS SENS. AV,.PEAK HT. FACTOR (C/P)

6, () ___ , " —0% (From 0, Curve)
o (10) I ¢ =0, &g:b:;‘igt) = . %0 '
Np (2) o = . %N, (From N, .Curve)
G, () __ X ___ = . fomy,

co () . __ X ___ 4 = __;_.__%co

B, (0) % = __. %

Argon s 9 8 o & & % 6 & B 5 8 % s 8 8 ¢ s ® & & ¢ @8 Oe %Ar (From Table l)

[

Others 5 8 & 0 s e s s s e 8 s v s s s ke s » % (Diffo From 100)
OSRC-21
Revised 6/65



SHALE

ANALYTICAL LABORATORY REPORT

Initial Analyses for Run No,

LAB, NO.

Raw Shale Spent Shale
0il Gal/Ton . .
il  5.G. Qe | =memmea—
0i1 wt @ . v
Water wt % . .

Spent Shale wt %

Gas + Loss wt &

Ash wt & s .
LIQUID PRODUCT
Composite
LAB. NO,
Water in LP (wt %) . . v
Sediment in LP (vol/wt %) . . .
Gravity . . .
GAS LAB, NoO,
€Oy . vol % co . vol %
0Oy . vol % Ho . vol &
N, . vol % Ar . vol %
CHh . vol % Other . vol %
Date Completed Checked By
OSRC~22

Revised 6/65



DISTILIATION DATA SHEET
ASTM D-1160 @10 mm,

LABORATORY NO.
SAMPIE MO,
API GRAVITY o SAMPIE WT. . gm,
RECEIVER TEMP. °p, I1.B.P. mv, oF.,
| Pressure  Potential Temp, “Temp. @ (o0,
M., | mm, Hg mv, OF, 4 Vol. % | Fo ;
0 . S M —
S N R | 10 ?
S S S S | o 1
R N ; 30 §
; ; : !
80 % . " . ' Lo i
100 . . - g
{ 120 : . . 60 ;
i o . . 70 ;
160 L, . | e
0 . . 90 |
; w . . | o5 |
End, 3 . .
Dry Ice Trap. 01l ml, water __ ml.
COMUENTS
DATE ANALYST CHECKED BY

OSRC-2)



