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Density@15°c ~ Flash point  Kinematic Viscosity  Oil content ~ Melting point

(g/em3) () @100°c (CST) Yowt (C)
60N 0.7928 172 2.185 25.79 52
150N 0.8241 212 3.814 25.51 58
500N 0.8531 260 8.148 26.25 12
150 BS 0.8872 316 17,61 26.92 80

N: Neutral

: SLACK WAX ( )
BS: BRIGHT STOCK 1
60N 150N = (light grade)

500N 150 BS (heavy grade)



Specific Gravity

@ 60/60°C
60 N 0.8511
150 N 0.8716
500 N 0.8857
150 BS 0.9028

Density© 15°c
(g/cm3)
0.8506
0.8711
0.8852
0.9023

BS = BRIGHT STOCK

Flash point
(°C)
178
216
262
320

Pour point
(°C)
-9
-9
-9

89

Kinematic Viscosity(cst)

@40°c
9.957
30.48
96.29
463.6

@ 100°¢C
2.641
5.293
10.94
30.89



To convert from

Btu

Btu/lb
Btu/lb°F
Btu/'ff -
Btul'fr - h - °F

Btu-ft/ft2- -3F

Material
Wax (bees)

To

Cal,

Ft-Ib,

J

KVWh

Cal,/g

Cal/g - OC
B

wim2-3C

Kcal /m2- h- K
-m/mZ'OC

Kcal/m-h- K

Mp. L
61.8

Multiply by
251.996
778.17
1055.06
2.9307 x 109
0.55556

1*

3.1546
5.5783
4.882
1.73073
1.488

Heat of fusion, (callg)
42.3

90
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(% yield)

(% yield)

(% yield)

-3l

1

1
2

-32

262.20
131.60
125.00

12500 x100
262.20
4167 %

X100

92



1

24.31
1 117
2 0.60
100 [

97.53 %

X100

0.60X 100
24.31

93



ASTM



1 ASTM D87-1P55

Air bath Water oath

2. ASTM D127-1P133

3. ASTM D938-1P76

4. ASTM D721-IP158

-25

non- normal hydrocarbon

Wax-resin blends

(
Water bath

(Congealing Point)

(32

Wax-resin blends

95



Sintered

(EMP)

(AMP)
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(Needle)

Penetration

Cone

0.5

Cone Penetration

ASTM

(penetration)

97

10

Needle
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Tentative Method of Testfor
OIL CONTENT OF PETROLEUM WAXES?2

//
{

ASTM Designation:

D721 - 6T

Issued, 1949 Revised, 1951, 1953, 1955, 1950.:

This tentative Method has been a

and accepted, by the dociety in ac
lor use pendln?
be addressed

adoption as standard.
o the Society at 1916 R

roved by the sponsoring committee
dance With established “procedures

ggestlons o revisions s oud
e St, Philadelphia 5,

This method was frepared gomt n>]/eby the Technlcal Association of Pulp and Papcr

ustry and tile A

Scope

1 This method describes a test pro-
cedure for the determination of oil in
petroleum waxes having a melting point
of 105 F or higher, and containing not
more than 15 per cent of o0il.3

Outline of Method

2. The sample is dissolved in methyl
ethyl ketone, the solution coolfed to —25
F to precipitate the wax, and filtered.
The oil content of the filtrate is deter-
mined by evaporacing the methyl ethyl
ketone and weighing the residue.

1Under .the st ardiza |on rocedure of th
T

u 5 B%td i reV|S|ont acceptg by the Society at the

AP getén% ion na e Ap-
ﬁmdlx i gtkan |elqge&§usedp %rﬁgrﬁ dgtmrgdé‘%r

Imenston

Inin
il e Tl

rican Societyfor Testing Materials.

Apparatus

98

3. (a) Filler Slick and Assembly, con-

sisting of a 10-mm diameter sintered
glass filter stick of 10 to 15 f, maximum
pore diameter as determined by the
method in the Appendix, provided with
an air pressure inlet tube and delivery
nozzle. It is provided with a ground-glass
joint to fit a 25 by 170-mm test tube.
The dimensions for a suitable tiltration
assembly are shown in Fig. 1

Note 1—A metallic filter stick may be em-
ployed if desired. A filter stick made of stainless

steél and having a "in. disk of 10 to 15 n maxi-

mum pore diameter, as determined by the
method in the_Appendix, has been- found"to be
satlsfactorg * The metallic apparatus is mserted
into a 25 Dy 150-mm test tube and held in place
by means of a cork.

rz/é\ Su”ébln%ameé?l filter. stick f\%lm ?F%}tcerg
R/?etalll orp y3 Sea Pﬁ Ave,, Gen Ove,
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apillery Tubing
2mmCO,3mmiD

i
170
Humm
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(%]

1.—Filter Stick and/Assembly.

CoXTTNT OF

Tlafrmfmeter STM Low Cloud and Tour.
e IC 0
- g%?g o s e
T
J— Gla-W wool |nsu|at|0n surroundinj can.

Fig. 2—Cooling Bath,

99

Petroleum Waxes (D 721)

VO) COO”ﬂg Bath, consisting of an in-
sulated box with 1-in. holes in the center
to accommodate any desired number of
test tubes. The bath may be filled with
a suitable medium such as kerosine, and
may be cooled by circulating a refrig-
erant through coils, or by using solid
carbon dioxide. A suitable cooling bath
to accommodate three test tubes is shown
in Fig. 2

(c) Dropper Pipel, provided with a
rubber bulb, and calibrated to deliver
1 — 0.05 g of molten wax.

AIR PRESSURE

| S

R A\AN|
/—'7\‘ N

=<
—_ .

>S5

CIHL
X
SOOI <

<
e

GLASS TUBING
670 SMM. 0.0

o

ABSORBENT: NH
COTTON §
%7
\\
/
MERCURY
—1

Fic. 3.—Air Pressure Regulator.

@) Transfer Pipel,
liver 15 Zh 0.06 ml.

(e) Air Pressure Regulator, designed to
supply air to the filtration assembly
(Section 6(e)) at the volume and pres-
sure required to give an even flow of fil-
trate. Either the conventional pressure-
reducing valve or a mercury bubbler-type
regulator has been found satisfactory.
The latter type, illustrated in Fig. 3,

calibrated to de-



Test for Oil Content of
consists of a 250-mi glass cyiinder and a
T-tube held in the Cylinder by means of
a rubber stopper grooved at the sides to
permit the escape of excess air. The
volume and pressure of the air supplied
to the filtration assembly is regulated to
a depth to which the T-tube is im nersed
in mercury at the bottom of the cylinder.

//
-
///’
W Fo—= /
/,v/ // A"‘
3 N J
v ) i \ . 4; ‘
| - ! |
5 ] & f t '1.1 ; H
4 | l‘l' —A ) 9 | | |
! B s e -1
—:—- ==
t/’- ————— —
\ i
_'AM:,'C/] 4 :
, XS | /LA

\

é Elltered air from riwm ter,
rex lass manitold, 6 mm in outside di-

|reX| %In in diameter.
0 d(éoor

mmnmlegla eter.

ﬁ_ Fln Itr?m Otfatform WI%h o|e¥ for hot air,

f( Lgr entrzance |n In Elameter
ywood, in. in thickness
Fig. 4—Evaporation Assembly.

Absorbent cotton placed in the space
above the mercury prevents the loss of
mercury by spattering. The air pressure
regulator is connected to the filter stick
and assembly by means of rubber tubing.
{{) Thermometers— Oil in Wax Ther-
mometers having the range of —35 to
+ 70 F and conforming to the require-
ments for Thermometers 71F as pre-
scribed in ASTM Specifications E .5
(g) Weighing Bottles1 conical in shape
and glass-stoppered, having a capacity of
15 ml.
grr]ne(ﬁpeasr%glﬂleﬁ@es PRSI S Goatens &
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1) Evaporation Assembly, consisting
of an evaporating cabinet and connec-
tions, essentially .15 illustrated in Tic. 4.
and capabie of maintaining a tempera-
ture of 95 + 2 F around the evaporation
basks. Construct the jets with an inside
diameter of 4 + 0.2 mm for delivering a
stream of clean, dry air vertically down-
ward into the weighing bottle. Support
each jet so that the til) is 15 + 5 mm
above the surface of the liquid at the
start of the evaporation. Supply air at
the rate of 2 to 3 liters per min per jet,
purified by passage through a tube of
1-cm bore packed looseiy co a height of
20 cm with absorbenc cotton. Periodi-
cally check the Cleanliness of the air by
evaporating 4 ml of methyl ethyl ketone
by the procedure specified in Section
6(e). When the residue does not exceed
0.1 mg, the evaporation equipment is
operating satisfactorily.

(i) Analytical Balance, capable of re-
producing weights to 0.1 mg. The sen-
sitivity should be adjusted so [hat 0.1
mg will deflect the pointer one half divi-
sion on the pointer scale.

(J) Wire Stirrer— A piece of stiff iron
or nichrome wire of about Xo. 20 B X
gage, 250 mm long. A 10-mm diameter
loop is formed at each end, and the loop
at the bottom end is bent so that the
plane of the loop is perpendicular to the
wire.

Solvent

4. Methyl ethyl ketone, conforming to
ASTM Specifications D 740, for Methyl
Ethyl Ketone,6 and having a refractive
index at 68 F of 1.378 0.002. The resi-
due remaining after the evaporation of 4
ml by the procedure specified in Section
6(e) must not exceed 0.1 mg.

Sample

5. If the sample of wax is 2 |b or less,
obtain a representative portion by melt-
ing the entire sample and stirring thor-

* 1058 Book of ASTM Standards. Part .
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oughly. For samples over 2 ib, exercise
special care ; insure obtaining a Lruiv
represencal ive )onion, bearing in minci
that lire oil may not be distributed : -
)rinly throughout the sample, and tirat
mechanical operations V express sonre
of the oil.

Procedure

6. (a) Melt a representative portion

of the sample in a beaker, using a water
bath or oven maintained at 160 to 210 F.
As soon as the wax is completely melted,
thoroughly mix by stirring. Preheat tire
dropper pipet in order to prevent the
solidification of wax in the lip, and with-
draw a 1-g portion of the sample as soon
as possible after the wax has melted.
Hold the pipet in a vertical position, and
carefully transfer its contents into a
clean, dry test tube previously weighed
to the nearest 1 mg (Note 2). Swirl the
test tube so as to coat the bottom evenly
with wax. This permits more rapid solu-
tion later. Allow the test tube to cool,
and weigh to the nearest 1 mg.

Note 2—The weight of a te?t tube which is
cleaned by means of solvents will not varY 0 a
significant extent. Therefore, a tare weight may
be obtained and used repeatedy.

(5) Pipet 15 ml of methyl ethyl ketone
into the test tube and place the latter
just up to the level of its contents in a
hot water or steam bath. Heat the sol-
vent-wax mixture, stirring up and down
with the wire stirrer, until a homogeneous
solution is obtained. Exercise care to
avoid loss of solvent by prolonged boil-
ing.

Note 3.—Very hldh melting microcrystalline
wax samples may not form cléar solytigns. Stir

until _the undissélved material 1s well disi>crsed
as a fine cloud.

Plunge the test tube into an SOO-ml
beaker of ice water and continue to stir
until the contents are cold. Remove the
stirrer; Remove the test tube from the

ice bath, wipe dry on the outside with a
cloth, and weigh to the nearest 0.1 g.

Note 4.—During ibis_operation the loss of
soIvent throd%h vagonzatlon should be less than

per cent. The weight ot the solvent is, there-
fore practically a constant and, after a few
samples are weighed, this weight, aggrommately
11.9°g, can be used as a constant fact

(c) Place the test tube containing the
wax-solvent slurp/ in the cooling bath,
which is maintained at —30 dr 2 F. Dur-
ing this chilling operation it is important
that stirring by means of the thermome-
ter be aimost continuous, in order to
maintain a slurry of'uniform consistency
as the wax precipitates. Do not ailow
the wax to set up on the wails of the
cooling vessel nor permitany lumps of wax
crystals to form. Continue stirring until
the temperature reaches —25 : 0.5 F.

(@) Immerse in the mixture the clean,
dry filter stick, which has previously been
cooled by placing it in a test tube and
holding at —30 dr 2 F in the cooling
bath for a minimum of 10 min. Seat the
ground-glass joint of the filter so as to
make an air-tight seal. Place an un-
stoppered weighing bottle, previously
weighed together with the glass stopper
to the nearest 0.1 mg, under the delivery
nozzle of the filtration assembly.

Note b.—Take every, precautlon to insure
the, ﬁccuracy of the weldh f the_ stoppered
wejghing, bottle. Prior etermlnln this
R
thengtSIde with a doth and toace In t?ae e%

oration assembly to dry for about 5 m|n Th en
remove tBe Welegh ottle and stgp d)lace

and a

near the llow to stan min
r|or t0 wel mgOStopﬁ]er the, botte unngtlé
coo Ing Ren nce. the weighing bottle” an

:ﬁ/e heen dne in thé_evaporation as-

stoﬁger

only with forceps. Take care to re-
{novre] and replaoe the glass stopper with a light
ouc

(e) Apply air pressure to the filtration
assembly, and immediately collect about
4 mi of filtrate in the weighing bottle.
Release the air pressure to permit the
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liguid to drain back slowly from the de-
livery nozzle. Remove the weighing bot-
tle immediately, and stopper and weigh
to the nearest 10 mg without waiting for
it 10 come to room temperature. Un-
stopper the weighing bottle and place it
under one of the jets in the evaporation
assembly maintained at 95 17 2 F, with
the air jet centered inside the neck, and
the tip 15 : 5 mm above the surface of
the liquid. After the solvent has evapo-
rated, which usually takes less than 30
min, remove the bottle, stopper, and
place near the balance. Allow to stand
for 10 min and weigh to the nearest 0.1
mg. Repeat the evaporation procedure,
using a 5-min evaporation period instead
of 50 min, until the loss between succes-
sive weighings is not over 0.2 mg.

Calculation

7. Calculate the amount of oil in the

wax as follows, and if the result is nega-
tive report as zero.

Qi in Wax, per cent by weight

UAC )5
BD———
where :
A = weight of oil residue, in grams,
B = weight of wax sample, in grams,

(See Appendix,
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C weight of solvent, in grams, ob-
tained by subtracting weight of
test tube plus wax sample (Section
6(a)) from weight of test tube and
contents (Sectic 1 6(5)), and
weight of solvent evaporated, in
grams, obtained by subtracting
weight of weighing bottle plus oil
residue from weight of weighing
bottle plus filtrate (Section 6(e)).
0.15 = average factor correcting for the
solubility of wax in the solvent at

-25 ko

Precision

(W)
Il

. The following data should be used
for judging the acceptability of results
(95 per cent probability).

fa) Duplicate results by the same oper-
ator should be suspect if they diner by
more than the following amounts:

Qil Content, per cent Repeatability

NDBI 2., .o 0.1 per cent
aNd OVEr.vvvrvvrene 5 per cgnt oF mean

fb) The results submitted by each of
two laboratories should be suspect if they

differ by more than the following
amounts
Qil Content, per rent Reproducibility
ndgrz ..................... 0.25 per ent
and over....... er cent o a{]
er cent (abso ute
ever IS Qreater
. 317)
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APPENDIX

Method of Test for Measurement of Maximum Pore
Diameter of Rjcid Porous Filters

Scope:

Ai. This method describes a test procedure
for the determination of the acc rpta it o
0rous niter sticks used for nitration i AST
ethod D 721 This method establishes the
marimutn pore. diameter and_ also provides a
means of detecting and measuring changes which
occur from contintied use.

Definitions:

A2. Maximum Pore Diameter is the diameter
r(r,t\I értrercrlpns of the largest opening In the niter

Notz F—It is recognized that the mammum
pore diameter as denned herein does not neces-
sarily indicate the physical dimensions of the
lar est pore In the biter. 1t 1s further recognized
that the pores are hrrghy irreqular in shape Be-
cause of the irreqularnty in shape and other phe-
nomena characterrstrc of nitratjon,  filter may
be expected to retain arl articles larger than
the maérrrrr]ur;r(re r|r]Jorélendram t rragrgennegtaaﬂd de-
ermined- herein,, and wi r
tides which are much sma?er thet/n the d ter-
mined diameter,

Outline of Method:

A3. The filter is deaned and wetted with
water It Is then immersed in water. Alr pressure
is applied against it3 quper surface until "the first
bubble of air passes th qh the filter. The max-
mum pore drameter is calcylated from the sur-
face tension of water and the applied pressure.

Appare: filled and read
4 Manometer, mercury filled and read-
ablA (8)5 y

5} Arr supply dean and frItered
Airpressure regulator, needle-valve type,

n(d) Drying men.

Procedure

oaA5n O s St"’ks o
soaking' |

th en vgas h with distil ‘ed vr)ater C?ean stainless-
steel filter sticks by soaking in concentrated
nitric add for 30 minand then”wash with distilled
water anse all frIter sticks with acetone, air
rysan grace indrving oven at 220 F for 30 min,

et the dean filter to be tested
by soakrng rt rn drstrIIed water.

A e S LS
(p ) ﬁrmerse t e erter Just be?ow the surface of
the water Note 2)

Noth: 2—If a head of liquid exists above the
surface of the filter, the back pressure produced
must be deducted from the observed pressure

(tf) Increase the air pressure to 10 mm below
the acceptable pressure limit. Then increase the
air pressure at a slow uniform rate of about 3 mm
of mercury per minyte until the fint bubble
Dasse3 through the filter. This can be conven-
lently observed by pladn d the beaker or test
tube’ over a mirror, ead he manometer when
the first bubble passes off the underside of the

filter.
ao ce o
%!; C#p—Arr Filter
12—Regulating Valve
cp-—Drying Bulb

A
U —Filter Stick

-—Beaker of Water

Fig. 5—Schematic Drawing of Assembled
Apparatus for Checking Pore Diameter of Fiiter
Sticks.

Report and Calculation:

AG. The pore diameter is calculated by use of
the following equation,

2130
D-p

Manometer-

Where:

D u ore diameter i |H microns, an
anometer reading In millimeters of mer-
cury

Note 3 —From this equation, pressures cor-
responding to the upper and lower limits of the
specified pore djameters can be calculated. These
pressures may he used for acceptance testing.
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Sta?idard Method Q Testfor
CONGEALING BE+H6LATB%RMACEUT|CAL

(@

ASTM Designation: D 938 - 49

Adopted,

19493

This Standard of the Am erican So lety for Testlng Materials is issued unde[

tie fixed de5|?natton DY
0

3S; 1
adoption as Standard or, [a

Scope

1. This method covers the test for
determining the congeaiing point of
pharmaceutical petrolatums or blends of
such materials.

Nots 1—This_method is an alternate to
A.S.T.M, Method D 127, Test for Melting Point
of Petrolatum and_Microcrystalline War.5 Re-
sults btained are mvartabl lower than are ob-
tajned by Method D 127, thé amount of the devi-
ation varying with the nature of the petrolatum.

Definition

2. Congealing Point is that tempera-
ture at which molten petrolatum when
allowed to cool under prescribed con-
ditions, ceases to flow.

Apparatus

3. (a) Thermometer— An A.S.T.M.
Congealing Point Thermometer, having

a range of 68 to 213 F. and conforming*

stanradardthzatl

oyt g g
i te‘%tah‘h’“?"@jlfétt?ért@

R/t 8e3|gh ons %t

cedure of the Sé)ctlehy/t
il g

cts an ubrlcant)s
é Is method was pu

ontents in Numeric
ront 0# ok.

Inal" number In
he case of revision, the year of Last reviSion.

icates the year of origina

to the requirements for thermometer
54 F as prescribed in ASTM Standard
Specifications E 1.1

(3 Thermometer Jacket, consisting of
a l-oz. glass vial, 25 mm. in diameter
and 55 mm. in height, attached to the
thermometer by means of a cork.

Procedure

4, (a) Place a sample of sufficient size
to represent exactly the material under
inspection in a casserole or other suitable
dish. Heat slowly, while stirring, to a
temperature approximately 15 F. above
the expected congealing point.

(3) Fit the thermometer into the
jacket so that the bottom of the bulb is
10 to 15 . from the bottom of the
jacket. Heat the assembly in a water
bath to approximately the same tem-
perature as the prepared sample.

(¢) When both the sample and the
thermometer assembly have reached the
required temperature, remove the as-
sembly from the bath. Remove the
thermometer immediately from its jacket
and immerse the bulb in the molten
sample until completely covered, taking



Congealing Point 07?7 PtOt\jLjfA.CE:
car?; not to cover any part of the ther-
mometer 3tem with sample. Remove
the thermometer and adhering sample
and place as rapidly as possible in the
jacnet, holding both the thermometer
and its jacket in a horizontal position
during this operation.

(d) Rotate the thermometer in a
horizontal position at the rate of ap-
orcnmately one revolution Lla 2 sec.
Pause momentarily at the completion of
each revolution and inspect the drop of
sample on the thermometer bulb. When
the drop is observed to rotate with the

105

"ICAL PiTTOLA-irrus (D 938 - 49)

bulb, read the thermometer and record
the 'reading as the congealing point.
Report

5. Report the congealing point to the
nearest 0.5 F.
Precision

6. Results should not diner from the
mean by more than the following
amounts:

ili _.Reproducibility,
Or%eﬁ)eaet?at)tg}tydnd leferepxt geratorg and
ppparatus pparatus

tF 2F
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-4 60N
3.88
10

() ) ()
0.00 32.00 117.50
1.00 33.20 117.50
2.00 34.40 117.50
3.00 35.60 117.50
4.00 36.80 117.50
5.00 38.00 117.50
6.00 39.20 117.30
7.00 40.40 116.00
8.00 41.60 114.50
9.00 42.80 113.70
10.00 44.00 112.60

4331 %(

v

0.00

0.00

0.00

0.00

0.00

0.00

0.20

150

3.00

3.80

4.90

1.2
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3.88
3.88
3.88
3.84
3.62
3.35
3.14

2.90

110



()
0.00
100
200
3.00
4,00
5.00
6.00

(

34.00
37.00
40.00
43.00
46.00
49.00
52.00

28.50

)

60N

()
260.00

194.80
14350
91.00
74.50
12.50
0.00

34-52

0.00
65.20
116.50
169.00
185.50
24150
260.00

260

(%)
28.50
17.05
12.96
6.35
4.67



()
0.00
1.00
2.00
3.00
4.00
5,00
6.00
7.00
8.00

34.00
36.00
38.00
40.00
42.00
44.00
46.00
48.00
50.00

28.50

60N

()
260.00

211.70
178.80
141.60
118.30
102.40
94.40
89.20
0.00

()
0.00

48.30
81.20
118.40
141.70
157.60
165.60
170.80
260.00

2.0

34-50

260

(%)
28.50
21.52
1388
8.92
6.55
5.05
4.28
3.89

112



()
0.00
100
200
3.00
4,00
5.00
6.00

{

30.00
33.00
36.00
39.00
42.00
45.00
48.00

31.52

)

60N

()
260.00

238.30
199.70
152.00
102.60
78.80
68.50

3.0

()
0.00

21.70
60.30
108.00
157.40
181.20
191.50

30-48

260

(%)
3152
26.11
1755
1313
9.27
4.13
3.68

113



()
0.00
1.00
200
3.00
4.00
5.00
6.00

(

36.00
38.00
40.00
42.00
44.00
46.00
48.00

)

60N
3.68

()
68.50

68.00
66.70
65.80
64.90
63.80
62.90

2419 % (

()
0.00

0.50
1.80
2.10
3.60
470
5.60

2.0

36-48

68.5

(%)
3.68
3.60
342
3.21
297
2.17
2.58

114



()
0.00
1.00
200
3.00
4,00
5.00
6.00
7.00
8.00

(

30.00
32.30
34.50
36.80
39.00
41.30
43.50
45.80
48.00

31.52

)

60N

()
259.70

246.00
220.50
188.60
148.40
125.40
103.10
96.50
91.60

2.3

()
0.00

13.70
39.20
71.10
111.30
134.30
156.60
163.20
168.10

30-48

259.7

(%)
3152
28.46
23.39
15.12
5.08
411
3.92
381
3.37

115



()
0.00
1.00
200
3.00
4,00
5,00
6.00
7.00
8.00

-10

36.00
37.50
39.00
40.50
42.00
43.50
45.00
46.50
43.00

60N
3.37

()
91.60

91.60
91.40
90.20
88.50
87.70
86.50
85.70
84.30

32.46 % (

()
0.00

0.00
0.20
1.40
3.10
3.90
550
5.90
7.30

1.5

36-48

91.6

(%)
3.37
3.37
3.32
3.07
287
2.69
2.38
213
1.9

116



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00

(

3152

10

30.00
31.80
33.60
3540
31.20
39.00
40.80
42.60
44.40
46.20
48.00

)

60N

()
259.20

254.00
242.80
227.10
202.70
173.10
142.30
124.60
118.80
115.70
110.80

()
0.00

520
16.40
32.10
56.50
86.10
116.90
134.60
140.40
14350
148.40

1.8

30-48

259.2

(%)
31.52
30.28
21.94
25.32
19.66
15.73
6.21
4.28
3.02
2.44
1.76

117



-12 60N

176
10

() ) ()
0.00 36.00 110.80
1,00 37.20 110.80
2,00 38.40 109.46
3,00 39.60 109.10
4,00 4080 108,50
5,00 42,00 106,00
6.00 43.20 105.40
7.00 44,40 104.80
8,00 45.60 104.20
9,00 46.80 103.90
1000 4800 103.20

39.81 % (

()
0.00

0.00
1.34
1.70
2.30
4.80
540
6.00
6.60
6.90
7.60

12

36-48

1108

(%)
1.7
176
175
173
1.70
161
157
153
142
130
122

118



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00

-13

(

31.52

12

30.00
31.50
33.00
34.50
36.00
37.50
39.00
40.50
42.00
43.50
45.00
46.50
48.00

)

60N

()
260.00

258.10
251.60
24590
236.60
229.40
172.30
153.90
149.60
146.70
135.90
125.00
123.70

()
0.00

1.90
8.40
14.10
2340
30.50
87.70
106.10
110.40
113.30
124.10
135.00
136.30

1.5

30-48

260

(%)
3152
3152
30.92
26.05
21.26
19.23
8.14
6.63
5.94
4.28
1.86
155
149

119



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00

-14

(

12

36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00

)

1.49

60N

()
123.70

123.70
123.16
122.62
122.20
121.30
120.10
119.30
118.00
117.20
116.60
115.20
114.80

44,15 % (

()
0.00

0.00
0.54
1.08
1.50
240
3.60
4.40
5.10
6.50
7.10
8.50
8.90

1.0

36-48

123.70

()
1.49
1.49
147
1.4
1.40
1.3
131
1.29
1.21
121
0.97
0.78
0.68

120



()
0.00
100
200
3.00
4,00
5,00
6,00
7.00
8.00
9.00
10.00
1100
12.00
13.00
14.00
15.00

(

31.52

15

30.00
31.20
3240
33.60
34.80
36.00
371.20
38. 0
39.60
40.80
42.00
43.20
44.40
45.60
46.80
48.00

)

60N

()
260.00

258.32
253.26
248.68
242.35
231.88
230.65
21248
183.74
156.38
150.51
146.14
141.27
131.08
121.33
126.21

[

()
0.00

1.68
6.74
11.32

17.65"

22.12
29.35
47.52
76.26
103.62
109.49
113,86
118.73

128.92.

132.67
133.79

12

30-48

260

()
3152
31.52
29.67
26.55
22.87
19.88
1542
1191
1.56
6.25
4.06
3.16
2.31

1.65

147

145

121



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00

-16

31.52
18

30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00

60N

()
260.00

258.45
254.33
252.50
247.05
241.61
238.27
232.59
214.86
202.04
174.89
155.33
15117
142.55
136.25
132.08
129.95
128.23
127.84

()
0.00

1.55
5.67

7.50
12.95
18.39
21.73
2141
45.14
57.96
85.11
104.67
108.83
117.45
123.75
127.92
130.05
13177
132.16

1.0

30-48

260

(%)
3152
31.52
29.85
25.43
23.58
21.24
17.57
14.64
12.18
10.35
758
5.49
3.92
2.86
2.18
159
148
145
145

122



()
0.00
1.00
2.00
+3.00
4.00
5.00
6.00
7.00
8.00

-17

(

28.00
30.50
33.00
35.50
38.00

0.50
43.00
45.50
48.00

25.20

)

150N

()
247.70

247.70
247.70
241.90
228.60
200.40
149.10
12450
108.00

2.5

()
0.00

0.C0
0.00

5.80
19.10
47.30
98.60
123.20
139.70

28-48

241.70

(%)
25.20
25.20
25.20
24.78
21.58
16.39
7.68
6.15
518

123



()
0.00
1.00
200
3.00
4,00
5,00
6.00
7.00
8.00

-18

(

32.00
34.00
36.00
38.00
40.00
42.00
44.00
46.00
48.00

)

150N
5.18

()
108.00

108.00
108.00
108.00
108.00
108.00
106.90
104.80
103.30

41.70% (

()
0.00

0.00
0.00
0.00
0.00
0.00
1.10

2.0

320 -

4.70

32-48

108.00

(%)
5.18
5.18
5.18
5.18
5.18
5.18
5,03
4.74
4.36

124



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00

-19

(

25.20

10

30.00
32.00
34.00
36.00
38.00
40.00
42.00
44.00
46.00
48.00
50.00

)

150N

()
250,50

250.50
250.50
241.90
232.10
217.10
188.00
165.80
151.90
135.90
122.20

0.00
0.00
0.00
8.60
17.80
3340
62.50
84.70
98.60
114.60
128.30

2.0

30-50

250.50

(%)
25.20
25.20
25.20
24.13
2217
20.35
16,52
12.36
9.75
6.32
4.48

125



-20 150N

448
10

() | ) ()
0.00 35.00 122.20
1,00 3650 122.20
2,00 38.00 122.20
3,00 3950 122.20
4,00 4100 122.20
5,00 4250 122.20
6.00 44,00 121,80
7.00 4550 121,40
8.00 47.00 119.70
9,00 4850 117.80
000 5000 116,30

46.43 % (

()
0.00

0.00
0.00
0.00
0.00
0.00
0.40
0.80
2.50
440
5.90

1.5

35-50

122.20

(%)
4.48
4.48
4.48
4.48
4.48
4.48
4.37
4.24
4.12
3.98
387

126



()
0.00
100
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00

21

(

25.20

12

28.00
30.00
32.00
34.00
36.00
38.00
40.00
42.00
44.00
46.00
48.00
50.00
52.00

)

150N

()
249.60

249.60
249.60
249.60
246.90
242,50
23470
222.40
196.00
171.40
148.40
137.80
131.30

0.00
0.00
0.00
0.00
2.70
.10
14.90
21.20
53.60
78.20
101.20
111.80
118.30

2.0

28-52

249.60

(%)
25.20
25.20
25.20
25.20
24.40
23.14
21.85
19.57
16.52
10.44
5.07

2.88

2.18

v



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00

-22

(

12

34.00
35.50
37.00
38.50
40.00
41.50
43.00
44.50
46.00
47.50
49.00
50.50
52.00

)

150N
2.18

()
131.30

131.30
131.30
131.30
131.30
131.30
131.30
130.60
130.10
129.00
127.50
125.90
125.20

48.40 % (

()
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.70
1.20
2.30
3.80
540
6.10

1.5

34-52

(%)
2.18
2.18
2.18
2.18
2.18
2.18
2.18
207
2,03
189
1.80
171
158

131.30

128



()
0.00
1.00
200
3.00
4,00
5,00
6.00

-23

(

36.00
39.00
42.00
45.00
48.00
51.00
54.00

24.15

)

150N

()
205.20

180.50
153.10
131.80
92.60
63.60
0.00

3.0

()
0.00

24.70
52.10
73.40
112.60
141.60
205.20

36-54

205.20

(%)
24.15
2152
19.35
1741
343
3.29

129



()
0.00
1.00
2.00
3.00
4,00
5.00
6.00
7.00
8.00

-24

(

38.00
40.00
42.00
44.00
46.00
48.00
50.00
52.00
54.00

24.15

)

150N

()
210.00

185.70
175.60
162.00
144.70
114.80
90.40
78.30
0.00

38-54
2.0

()
0.00

24.30
34.40
47.10
65.30
95.20
119.60
131.70
210.00

210.00

(%)
20.15
20.76
18.82
17.17
1362
8.36
4.66
3.52

130



()
0.00
1.00
2.00
3.00
4.00
5.00

6.00

34.00
37.20
40.40
43.60
46.80
50.00

53.00

25.75

150N

()
263.70

245.40
224.90
193.20
115.70
83.60

74.30

3.2

()
0.00

18.30
38.80
70.50
148.00
180.10

189.40

263.70
34-53

*9
25.75
23.78
21.31
17.62
8.62
3.68

3.24

131



)
0.00
1.00
2.00
3.00
4.00
5.00
6.00

40.00
42.20
44.40
46.60
48.80
51.00

53.00

150N
3.24

()
74.30

73.60
72.10
70.80
69.90
69.60

69.20

26.24 % (

¢ )
0.00

0.70
2.20
3.50
4.40
4.70

5.10

2.2

40-53

74.30

(9
3.24
3.15
3.07
3.02
2.79
2.58

2.36



()
0.00
1.00
200
3.00
4,00
5.00
6.00
7.00
8.00

27

(

34.00
36.40
38.80
41.20
43.60
46.00
48.40
50.80
53.00

24.31

)

150N

()
261.00

246.90
223.90
192.10
153.00
131.40
114.50
104.50
99.70

()
0.00

14.10
31.10
68.90
108.00
129.60
140.50
156.50
161.30

24

34-53

261.00

(%)
2431
2333
20.88
1493
5.79
4.18
3.32
2.95
2.84

133



()
0.00
100
200
3.00
4.00
5.00
6.00
7.00
8.00

-28

(

40.90
41.60
43.20
44.80
46.50
48.10
49.70
51.30
53.00

)

150N
2.84

()
99.70

99.70
99.50
99.30
99.10
98.70
98.00
96.50
94,30

36.13 % (

()
0.00

0.00
0.20
0.40
0.60
1.00
1.70
3.20
540

1.6

40-53

(%)
2.84
2.84
2.17
2.69
2.59
247
231
211
1.86

99.70



()
0.00
100
2.00
3.00
4,00
5,00
6.00
7.00
8.00
9.00
10.00

-29

(

24.31

10

34.00
35.90
37.80
39.70
41.60
43.50
45.40
47.30
49.20
51.10
53.00

)

150N

()
264.80

251.90
245.80
230.20
209.30
174.80
150.00
134.60
126.90
122.00
119.30

()
0.00

6.90

1.9

19.00 -

34.60
55.50
90.00
114.30
130.20
137.90
142.80
145.50

34-53

264.80

(%)
2431
23.55
22.24
19.99
17.10
14.02
10.15
6.12
352
252
187



-30 150N

187
10

() ) ()
0.00 40.00 119.30
1.00 41.30 119.30
2.00 42.60 119.10
3.00 43.90 118.82
4.00 45.20 118.70
5.00 46.50 118.30
6.00 47.80 117.60
7.00 49.10 116.70
8.00 50.40 115.40
9.00 51.70 114.80
10.00 53.00 113.10

42.71 % (

()

0.00
0.00
0.20
0.48
0.60
1.00
1.70
2.60
3.40
4.50

6.20

13

40-53

119.30

9
1.87
1.87
1.86
1.82
1.80
1.78
1.76
171
1.63
1.45

121

136



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00

12.00

(

24.31
12

34.00
35.50
37.10
38.70
40.30
41.90
43.50
45.10
46.70
48.30
49.90
51.50

53.00

150N

¢ )
262.20

259.80
255.80
248.90
238.80
223.30
205.80
186.00
164.50
147.30
137.20
133.60

131.80

¢ )
0.00

2.40
6.40
13.30
23.40
38.90
56.40
76.20
97.70
114.90
125.00
128.60

130.40

1.6

34-53

262.20

&
24.31
24.08
23.19
2211
20.75
18.80
16.17
13.10
9.65
6.13
3.25
1.63
117

137



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00

12.00

12

40.00
41.00
42.10
43.20
44.30
45.40
46.50
47.60
48.70
49.80
50.90
52.00

53.00

L17

47.67 % (

150N

131.80
131.80
131.65
131.41
131.26
131.00
130.70
129.80
129.00
128.10
127.10
126.10

125.00

()

0.00
0.00
0.15
0.39
0.54
0.80
1.10
1.80
2.60
3.50
4.50
5.50

6.50

11

40-53

9
117
117
1.16
1.16
115
1.10
1.05
1.00
0.93
0.86
0.79
0.70

0.60

131.80

138



)
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00

15.00

(

2431
15

34.00
35.20
36.50
37.70
39.00
40.20
41.50
42.70
44.00
45.20
46.50
47.70
49.00
50.20
51.50

53.00

150N

¢ )
260.00

258.24
255.25
251.11
242.68
236.42
224.23
209.32
197.32
182.70
167.54
152.15
144.18
135.12
132.32

130.76

1.2

¢ )
0.00

1.76
4.75
8.89
17.32
23.58
35.77
50.68
62.68
77.30
92.46

107.85
115.82
124.88
127.68

129.24

34-53

260.00

2
24.31
24.31
23.53
22.85
21.04
19.96
17.62
14.85
12.15
9.67
4.78
3.05
2.54
1.28
117

1.15

139



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00

19.00

(

150N
24.31
19
) ()

34.00 260.00
35.00 258.43
36.00 255.74
37.00 251.76
38.00 246.75
39.00 241.19
40.00 234.84
41.00 225.18
42.00 216.42
43.00 207.12
44.00 198.73
45.00 179.39
46.00 170.52
47.00 161.16
48.00 148.36
49.00 139.56
50.00 136.23
51.00 133.16
52.00 131.99
53.00 131.08

()
0.00

1.57
4.26
8.24
13.25
18.81
25.16
34.82
43.58
52.88
61.27
80.61
89.48
98.84
111.64
120.44
123.77
126.84
128.01

128.92

1.0

34-53

260.00

9
24.31
24.31
23.80
22.52
21.53
20.37
19.26
16.84
13.16
11.96
9.44
8.08

7.24
6.22
4.87
2.18

132

122

115

1.15

140



141

.35 500N ! 260.00
3045 40-55
15 1.0
() ( ) () () 0
0.00 40.00 260.00 0.00 30.45
1.00 41.00 260.00 0.00 30.45
2.00 42.00 260.00 0.00 30.45
3.00 43.00 260.00 0.00 30.45
4.00 44.00 260.00 0.00 - 30.45
5.00 45.00 260.00 0.00 30.45
6.00 46.00 260.00 0.00 30.45
7.00 47.00 260.00 0.00 30.45
8.00 48.00 260.00 0.00 30.45
9.00 49.00 260.00 0.00 30.45
10.00 50.00 260.00 0.00 30.45
11.00 51.00 260.00 0.00 30.45
12.00 52.00 260.00 0.00 30.45
13.00 53.00 260.00 0.00 30.45
14.00 54.00 260.00 0.00 30.45

15.00 55.00 260.00 0.00 30.45



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00

15.00

30.45
15

|4<

56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00

71.00

500N

()
260.00

260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
52.00

0.00

()
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
208.00

260.00

1.0

56-71

260.00

(9
30.45
30.45
30.45
30.45
30.45
30.45
30.45
30.45
30.45
30.45
30.45
30.45
30.45

30.45
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()
0.00
1.00
2.00
3.00
400
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00

-37

(

3127

15

40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00
55.00

)

150BS

()
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00

()
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.001
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.0

40-55
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260.00

(%0
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127
3127



()
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00

(

3L.27

15

55.00
56.00
57.00
58.00
53.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00

)

150BS

()
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00
260.00

()
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 .

0.00
0.00
0.00
0.00
0.00

1.0

55-70

260.00

(%)
3127
3127
3127
3127
3127
3127
3127
3127
3127
3121
3121
3127
3127
3127
3127
3127
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()
0.00
100
200
300
4,00
5,00
5.00
7.00
8.00
9.00
10.00
1100
1200

-39

31.27

12

70.00
71.00
72.00
73.00
74,00
75.00
76.00
71.00
73.00
79.00
80.00
81.00
82.00

)

150BS

()
250.00
260.00
260.00
260.00
250.00
260.00
260.00
260.00
260.00
106.00

0.00

0.00

0.00

0.00
0.00
0.00
0,00
0.00
0.20
0.00
0.00
0.00
154.00
260.00
260.00
260.00

1.0

10-82

260.00

%)
3127
3127
3127
3127
3127
3127
3127
3127
3127



-40

50g
50g

50g
60g

100g
100g

150g
1509

0C)
28°¢C
28°¢C

Cp
(’C) AT(°C1
92°¢c 64°c
78°C 50°c
0.78 callg°C
10C) AT(°C)
96°¢c 65°¢C
Z¢c 44°¢
0.31 callg°C
(°C) AT(°C)
83°¢C 55°¢
75°C 46°c
0.84 callg°C
(°C) AT(°C)
84°c 52°C
73°C 45°¢
0.87 calig°C
10C) AT(°C)
88°c 60°C
69°c 39°c

0.87 callg°C

cp(callg®C)

10

Cp(callg°C)

10

Cp(callg°C)

10

Cp(callg°C)

10

Cp(callg°C)

10

146

Q (cal)

2,500

Q (cal)

2,640

Q (cal)

4,600

Q (cal)

6,750

Q (cal)

7,800



(g)

75¢
II5g

125
125¢

175
175¢

200g
200g

cp

3l
28'C

Cp

(:C) AT('C)
87°c 57°c
76°C 48°c

0.84 callg°C

(°C) AT(°C)
§5,C 54°c
74'C 46-C

0.85 callg°C

1'C) AT(°C)
S2°c 51°¢
71°c 43°

0.34 callg°C

13() AT(’C)
OIG 51°c
69°c 413

0.80 callg°C
0.83 callg°C

( callg°C)

10

Cp(callg°C)

1.0

( ,callg°C)

1.0

( callg°Cl)

10

147

Q (cal)

3,600

Q{cal)

5.750

Q (cal)

1525

Q (cal)

8,200
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4 Cp
() 0 (°C) ' 1:C) AT(°C) ¢, (callg°C) Q (cal)
75 3¢ 81°C 50°
75 30% T4% 44°C 10 3,300
P - 0.8 callg°C
) PC) () ATRC) Cicallg®C) Q (cal)
100y 3PC [lie 46°
100 3% 7PC 4PC 10 4100
Cp = 0.39 callg°C
0) it ! PC) ATPC) Cr(callg°C) Q (cal)
1y 31°c 5 44c
15 & 68°c 3= 10 5,700
= 0.36 callg°C
@ 1+ o 1 ro ATHC) Coleallg°C) Q (cal
5040y 36°C 0 Me
5y R 78°C 48 10 2400
Q@ - 0.88callg°C
@ + (o 1 e ATHC) Calcallgec) 0 (cal)
82.10g 3 84° 163
) 3’ 13% 42 10 3,360

c 0.89 callg°C



82.10g
100g

180g

180y

200g
200g

30°c

3¢

30

D

10) AT(C)
50°c
3°C

0.93 callg°C
(°C) AT(°C)
49°
oo 40°c
0.89 cal/g°C
10C) AT(°C)
14 43°
67°c 3r°c
0.86 callg°C
10C) AT(°C)
13° 42°¢
67°c 3r°c
0.88 caifg’C
= 0.88 calig”C

Cp(callg°C)

1.0

Cp(callg°C)

1.0

C Lcallg°C)

1.0

Cp(callg°C)

1.0

149

Q (cal)

3,800

Q (cal)

3,600

Q (cal)

6,660

Q (cal)

7400
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Cp 1
J ,
O
115
1
1
Cp CD
C3
&

Q=0+ 1+ CpAT
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Q =
Q2 =
L = =42.3 Cal/g
Q= Q,=mCpAT
pEES T e EE—
—'J. WINGY T1°C _¢J UWINY TI°C | ¢ | wand T2°C !
| (Solid) | l (Liquid) (Liquid) l
Q Q Q
- Cp -pAT - = L+m CPwaxAT wax
150N 12 @ yield =47.67%
Cp =0.88 cal/g°C, Cp = 0.83 cal/g°C (
)
Q 1.2
53 °c 58°c ( )
1
= 262.20
= 131.80 =1.17%
130.40
1:Q 3
H:hard wax
Q18 = Q + Q2 F-foot oil

= L +( HCpHAT + mRCp-AT)
= 262.20 (42.3) +131.80 (0.88) (58-27) + 130.40 (0.83) (58-27)
= 18,041.756 cal
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2
= 131.80
= 125.00 =0.60%
6.50
2:Q2d
Q2d = Q, +0Q2

= mL + ( HCpHAT + FCpFRAT)
= 131.80(42.3)"125(0.88)(58-27)+6.5(0.83X58-27)
= 9,152.385 cal

= 18,041.756+9,152.385
= 27,194.141 cal 262.20

= 27,194.141 cal 4.2 1 Btu 2.9307x10 = 0.032 KWh

1cal 1055.06 J 1Btu

= 0.032 UNIT =0.032 262.20

= 1.22x10'4
= 7
= 20 ( < 1%
1 = 1000
= 7

1000 %yield =47.67 %

=476.7 =476.7x20 =9.53
1000
1 ' =9.53-7 =253
=2.53x103
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5 ) 5,00

10 (6l 0.70
10 (165 0.0
10 (263 1.17
65 (3100 158
50 (101150 168
150 (15130 1.76
100 ( 301-400) 202
400 (401800 211

00 (81 ) 243

500

15 + 30



0 )

260 (41300

200 ( 301500)

500 ( 500-1,000)

2,000 (10013000
3,000 (300

88.12

88.12
L
188
221
243
2.50



2540

. . 2538

2537

. 2540

. .2517

5/
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