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DENSITY, RELATIVE DENSITY (SPECIFIC GRAVITY), OR
API GRAVITY OF CRUDE PETROLEUM AND LIQUID
PETROLEUM PRODUCTS BY HYDROMETER METHOD'
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1. Scope

1.1 This method covers the laboratory deter-
inalion. using a glass hydrometer, of the den-
v, relative density (specific gravity), or API
eravity of crude petroleum, petroleum prod-
was, or mixtures of petroleum and nonpetro-
jeom products normally handled as liquids, and
ynving 2 Reid vapor pressure (Method D 323,
or IP 69) of 26 1b or less. Values are measured
on 2 hydrometer at convenient temperatures,
readings of density being reduced to 15°C, and
readings of relative density (specific gravity)
zsd API gravity to 60°F, by means of interna-
sjonzl standard tables. By means of these same
1zbles. values determined in any one of the
three systems of measurement are convertible
10 equivalent values in either of the other two
s that measurements may be made in the units
of local convenience.

1. Applicable Documents

21 ASTM Standards:

D 1250 Petroleum Measurement Tables’

D323 Test for Vapor Pressure of Petroleum
Products’

E 1 Specification for ASTM Thermometers’

E 100 Specification for ASTM Hydrometers'

3. Field of Application

3.1 The hydrometer method is most suitable
for determining the density, relative density
(specific gravity), or API gravity of mobile
transparent liquids. It can also be used for
viscous oils by allowing sufficient time for the
hydrometer 1o reach equilibrium, or for opaque
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oils by employing a suitable meniscus correc-
tion.

3.2 When used in connection with bulk ol
measurements, volume correction errors are
minimized by observing the hydrometer read-
ing at a temperature close to that of the bulk
oil temperature.

4. Summary of Method

4.1 The sample is brought to the prescribed
temperature and transferred to a cylinder at
approximately the same temperature. The ap-
propriate hydrometer is lowered into the sam-
ple and allowed to settle. After temperature
equilibrium has been reached, the hydrometer
scale is read, and the temperature of the sample
is noted. If necessary the cylinder and its con-
tents may be placed in a constant temperature
bath to avoid excessive lemperature vanation
during the test.

5. Significance

5.1 Accurate determination of the density,
relative density (specific gravity), or AP1 grav-
ity of petroleum and its products is necessary
for the conversion of measured volumes to

! This method is under the junsdiction of ASTM Com-
mittee D-2 on Petroleum Products and Lubricants, the APIL
Central Committee on Petroleum Measurement, and the 1P
Standardization Committee.

Current edition approved Aui. 29, 1980. Published Oc-
tober 1980. Originally published as D 1298 - 53 T. Last
previous edition D 1298 - 67 (1977).

? Annual Book of AS TM Standards, Pant 23.

' Annual Book of ASTM Standards, Pants 25 and 44.

! Annual Book of ASTM Standards, Parts 25, 41 and 44.

Escaneado con CamScanner

]


https://v3.camscanner.com/user/download

cralures of 3%
cmp
¢ al the dandard ! I ific gra
sjume . " (¥
i density ( Hing he
or 1% rcl setof r
§) D nst )- it a fac ] pc“-o'Cl"n
ity), o AP Ef,“c setroleu? Cflq' values 1N
ality ©f % gently Post :!g-) y of petre”
Pﬁt‘(’s rc rc?{o\\c\' fy ”Els "m‘ ( is qllﬂlily
Jegrees Al Joeriai ind:calion Al
jeum 18 a1 ;;llc;l with other prop
ynless COTFEE

the Mass (“'C'OSC When fepo

icitly state ! . Jether with the
| lll &‘alc 3), lovg{[]
55 nd volume (litres) "Rt example,

srams) 4

i s per it . /1y)—for the

s PC density (specific gravity) f
62 P ok lio of the mass ©

<o of this method: 1'?;;? oC (60°F) 10
a r at the

plicilly state t
wre, for examp
gravity) 60/ 60°}.:-

6.3 API gravily:
tive density (spect
sented by:

API gravity. deg
No statement of re
quired, since 60°F is

6.4 observed values—

le, relative

ction of rela-

~—a special fun
E 60°F, repre-

fic gravity) 60/

= (141.5/sp gr 60/60°F) — 1315

ference temperature is re-
included in the definition.
values observed at tem-

peratures other than the specified reference
temperature. These values are only hy@romeler
readings and not density, relative density (spe-
cific gravity), or API gravity at that other tem-

perature.

7. Apparatus

7.1 Hydrometers, glass, graduated in units of
density, relative density (specific gravity), or
API gravity as required, conforming to ASTM
specifications or specifications of the British
Standards Institution as listed in Table 1.

7.2 Thermometers, having ranges shown in
Table 2 and conforming to specifications of the
American Society for Testing and Materials or
the Institute of Petroleum.

1.3 Hydrometer Cylinder, clear glass, plastic
(Note 1), or metal. For convenience in pouring,
the cylinder may have a lip on the rim. The
inside diameter of the cylinder shall be at least
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25 mm greater than the outsidg g "
i, T , . dMme
hydrometer used in it. The hejgp, of t‘;' OF {he

der shall be such that the APPropriae hc Ylin.

cler foats in the sample with g 1%“)2 fom
\ S.m

clearance between the bottom Of the o™
eter and the bottom of the cylinder, Ydrop,.
Nott |—hydrometer cylinders T~
ed

plﬂslic materials shall be resistang 1o discopo
titack by oil samples and must not beco, fatiop o,

under prolonged exposure (o sunlighy aq4 0‘,’|paqu¢
ples. g
7.4 Constant-Temperature - Bayp,
when the nature of the sample '°quirc3ra Use
temperature much above or below rop 1:“
erature or the requirements of 9.g Can:;;

otherwise be met.

Nott 2—The user should ascertain (hay g, -
sruments used for this test conform (o the ¢ in-
ments set out above with respect to materials, d.';:lr
sions, and scale errors. In cases where the insuum:n'
is provided with a ca'll.brallon certificate issued |, nt
recognized standardizing body, the instrumen; ;
classed as “certified” and the appropriate corregj,, i
listed shall be applied to the observed readings lns
struments which satisfy the requirements of this ter;
method, but are not provided with a recognizeq
calibration certificate, are classed as “uncertified "

8. Temperature of Test

8.1 The density, relative density (specific
gravity), or API gravity by the hydrometer
method is most accurate at or near the reference
temperature of 15°C or 60°F. Use these or any
other temperatures between —18 and +90°C
(0 and 195°F), so far as it is consistent with the
type of sample and necessary limiting condi-
tions shown in Table 3.

8.2 When the hydrometer value is to be used
to select multipliers for correcting volumes to
standard temperatures, the hydrometer reading
should be made preferably at a temperature
within + 3°C (& 5°F) of the temperature at
which the bulk volume of the oil was measured
(Note 3). However, in cases when appreciable
amounts of light fractions may be lost during
determination at the bulk oil temperature, the
limits given in Table 3 should be applied.

NoTe 3—Volume and density (relative density
(specific gravity), API gravity) correction tables are
based on an average expansion for a number of
typical materials. Since the same coefficients were
used in computing both sets of tables, corrections
made over the same temperature interval minimize
errors arising from possible differences between the

coefficients of the material under test and the stan-
dard coefficients. This effect becomes more impor-
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(mperatures diverge Significantly (rom 15°C
$

sdure

0 m“d'usl the temperature of the sample
g1 A Jlo the information given in Section
L0 mlma hydrometer cylinder (Note 4) and
g, Br":,meter to approximately the same tem-

|hcrr“ure qs the sample to be tested.
ralu i =

. 4—When testing completely opaque sam-
Nol:ull hydrometer cylinders may be used. When

less M ers-are used, accurate reading of the hy-
fuch c{l‘r“g:n only be assured if the level of tg’e

d“,m‘cc S within 5'mm of the top of the cylinder,
amp

) Transfer the sample toa clean hydrom-
'cylinder without splashing, to avoid the
eler tion of air bubbles, and to reduce to a
[q"‘,‘m um evaporation of the lower boiling con-
m-m:enls of more volatile samples. Transfer
S"l:lhly volatile samples to the cylinder by water
g:;’placemem or by siphoning (Note 5). Re-
move any air bubbles formed, after they have
collected on the surfz}ce of the sample, by
ouching them with a piece of clean filter paper
pefore inserting the hydrometer.
Note S—Highly volatile samples containing al-

cohols or other water-soluble material should always
pe transferred by siphoning.

9.3 Place the cylinder containing the sample
in a vertical position in a location free from air
currents. Ensure that the. temperature of the
sample does not change appreciably during the
time necessary to complete the test; during this
period, the temperature of the surrounding me-
dium should not change more than 2°C (5°F).
When testing at temperatures much above or
below room temperature, a constant-tempera-
ture bath may be necessary to avoid excessive
temperature changes. ’

9.4 Lower the hydrometer gently into the
sample. Take care to avoid wetting the stem
above the level to which it will be immersed in
the liquid. Continuously stir the sample with
the thermometer, taking care that the mercury
thread is kept fully immersed and that the stem
of the hydrometer is not wetted above lhp
immersion level. As soon as a steady reading is
obtained, record the temperature of the sample
to the nearest 0.25°C (0.5°F) and then remove
the thermometer.

9.5 Depress the hydrometer about two scale
divisions into the liquid, and then release it.
The remainder of the stem of the hydrometer,

6% 1
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which is above (he
kept dry since unn
affects the reading
low viscosity, impa
drometer on releas;

level of the liquid, must be
ecessary liquid on the stem
obtained. With samples of
rt a slight spin to the hy-

. ng to assist in bringing it to
rest, floating freely away from the walls Ef the
cylinder. Allow sufficient time for the hydrom-

eler to come to rest, and for all air bubbles 1o
come to the surface. This is particularly neces-
sary in the case of more viscous samples.

9.§ When the hydrometer has come to rest,
ﬂoatmg frecly away from the walls of the cyl-
1ndef (Note 6), estimate the hydrometer scale
readlpg to the nearest 0.0001 relative density
(specific gravity) or density or 0.05° API. The
correct hydrometer reading is that point on the
hydrometer scale at which the principal surface
of the liquid cuts the scale. Determine this point
by placing the eye slightly below the level of
the liquid and slowly raising it until the surface,
first seen as a distoried ellipse, appears to be-

come a straight line cutting the hydrometer
scale. (see Fig, 1.)"

Note 6—When using a plastic cylinder, dissipate
any static charge. Static charges often build up when

using such cylinders and may prevent the hydrometer
from floating freely.

9.7 With an opaque liquid take a reading by
observing, with the eye slightly above the plane
of the surface of the liquid, the point on the
hydrometer scaie 1o which the sample rises.
This reading, ai the top of the meniscus, re-
quires correction since hydrometers are cali-
bratzd to be read at the principal surface of the
liquid. The correction for the particular hy-
drometer in use may be determined by observ-
ing the maximum height above the principai
surface of the liquid to which oil rises on the
hydrometer scale when the hydrometer in ques-
tion is immersed in a transparent oil having a
surface tension similar to that of the sample
under test (see Fig. 2).

NoTe 7—Alternatively, corrections as given in
Table | may be applied.

9.8 Immediately after observing the hy-
drometer scale vaiue, again cautiously stir the
sample with the thermometer keeping the mer-
cury thread fully immersed. Record the tem-
perature of the sample to the nearest 0.2°C
(0.5°F) (Note 8). Should this temperature differ
from the previous reading by more than 0.5°C
(1°F), repeat the hydrometer test and then
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10. Calculations and Report .
10.1 Apply any relevant «I‘orrcct|011§"l(l) the
observed thermometer reading (ﬁ?r -\L-}c](‘)r
bulb) and to the hydrometer rcndmg"(:,cn‘c).
For opaque samples. make the appmp‘rl.ll‘c cor-
rection 1o the observed hydrometer reading as
given in 9.7, Record to the |_\cnrcsl Q.OOOI dcn;
sity or relative density (specific gravity) or 0.1
API the final corrected hydpomelcr scale read-
ing (Note 9). After application of any relevi\m
corrections record t0 the nearest 0.5°C or I°F,
the mean of the temperature values observed
immediately before and after the final hydrom-

eter reading.

JotE 9—Hydrometer scale readings at tempera-
tures other than calibration temperatures (15°C or
60°F) should not be considered as more than scgle
readings since the hydrometer bulb changes with

|¢mpemlum

102 To convert corrected values from 10.1
10 standard temperature, use the following from
the Petroleum Measurement Tables (D 1250):

10.2.1 When a density scaled hydrometer
has been employed, use Tables 53 A or 53 B to
obtain density at 15°C.

10.2.2 When a relative density (specific grav-
ity) hydrometer has been employed, use Tables
23 A or 23 B to obtain Relative Density (Spe-
cific Gravity) 60/60 F, and

10.2.3 When an API gravity scaled hydrom-
eter has been employed, use Tables 5 A or 5 B
to obtain the gravity in API degrees.

10.3 When a value is obtained with a hy-
drometer scaled in one of the units described
herein and a result is required in one of the
other units, make the conversion by one of the
appropriate tables given in Standard D 1250,
Physical Data Tables. For conversion from
density at 15°C, use Table 51; from relative

D 1208

density (specifie
from API gmvil)ﬁrg“c
10.4 Report the ﬂnn;\
kilograms per litre 4 I5e
sity (specific gravit
in degrees API, g5

ity) 60

N

/60 |
3, e Tubley,,

\‘«n:)uc us dcnsil i
Wals  or as relagjy 8
3 at 0/60°F, gp o den,
Pplicable, S gmmy

11. Precision

111 The following critesi
for judging the acceplabili:;"(‘)fsho be
111 Repeatability— s fesulty,
the same operator should bcl::m
if the results differ by ¥

ﬂl.c TCsulyg
nSldercd $

more 3
amounts: than (he rOllo\"lf)i'ilcgl
Temperature
Product Range Units Repeal
Transpar- =210 24.5°C density - ﬂbilily.
ent 0.
Nonvis- 29 10 76°F relative  dene: i
N _densit 0
(spccnﬁc gray. -0005
iy)
42 to 18°F APl gravi
Opaque -21024.5°C dcnsﬁryavlly 0.1
291076°F  relative dengsiyy 0006
(specific gray. 0.0006
1ty)
42 10 78°F API gravity 02
I1.1.2 Reproducibility—The results sub. :
ted by each of two laboratories shoulq no{mt-
considered suspect unless the results differ ﬁe
more than the following amounts: Y
Temperature Rdepr.o.
Product Range Units b,l:lclly
Transpar-  —21to0 24.5°C densit
ent ’ s
Nonvis- 29 to 76°F relative density 0.0012
cous (specific gray-
ity)
42 to 78°F API gravity 03
Opaque -210245°C  density 0.0015
29 to 76°F relative density 0005
(specific grav-
ity)
42.to 78°F API gravity 0.5

11.1.3 For very viscous products, or when
the conditions given in 11.1.1 and 11.1.2 are
not compiled with; no specific variations can
be given.
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TABLE
LE 1 Rovnmmcnded H ydrometers
//—1 T Units —— g [T
Sfication e » Total Each N vy Meniscus
5 RN Unit | Interval Error | Correction
= |special petroleum | density, kg/hire at T ee—— T
2080 15°C
26100 0.600 10 1.100 0.050
F5| @SP 0.600 10 1.100 | 0050 ?,“m?‘.” : ?,“"” b+
w0 5P special petroleum | relative  densiy ' + 00006 1 + 00014
181960 specific  gray-
5 7185 b Elp;:bo/cwggav 0.600 10 1.100 | 0050 | 0,000 £ 00003 | + 00007
<0 8 ) y I 0.600 10 1.100 | 0,050 0.001 + 0.0006
WP g 100, [tong. plain relative  density ' 00014
jficati® H (specific grav. | o 650
§ 090 ( B 05010 1100 | 0050 | o :
M oo S2H 1 \ ity). 606000 0005 |+ 00005
pcation E 100, long, plain APl
i
§ 10H =l 1o+ 101 12 0.1
Wﬂt‘.‘- “{ to "“"'\M% + 0.1
TABLE 2 Recommended Thermometers
/——"""_—-— I S i . .
o T Scal p Graduation Scale
Specificaion yPe il Range Interval Error
P density, wide range C =20 10 + 102 02 £0.]
Srecification El No. gravity C =20 to + 102 0.2 +0.1
:C . : .
xPlN 2 rclahve_ deqs:ty (specific F —5to+ 215 05 +025
gravity), wide range
specfication E | No. gravity F =510+ 215 05 $025
1F
TABLE 3 Limiting Conditions and Test Temperatures
Szmple Type Initial Boiling Point Other Limits Test Temperature
Huchly volatle reid vapor pressure Cool in original closed container 1o 2°C
below 26 1b (35°F) or lower
Moderzely volaule 120°C (250°F) and be- Cool in original closed container to 13°C
low (65°F) or lower
Maderaely volatile 120°C (250°F) and be- viscosity too high at Heat to minimum temperature to obtain
zad viscous low ) 18°C (65°F) sufficient fluidity
Nogvolanile Above 120°C (250°F) Use any temperature between — 18 and
. 90°C (0 and 195°F) as convenient
Migures with non- Test at 15 + 02°C (60 + 0.5°F)
parolenm  prod- »
Bots
— '

Tee American Society
tonrection with an 1y item
o eny such pateny rights

Jor Testing and Materials takes no position respecting the validity of any patent r_ighz:_‘nserref! in
mentioned in this standard. Users of this standard are expressly advised that determination of the validity

» and the risk of infringement of such rights, are entirely their own responsibility.

This standard i

subject to revision at any time by the responsible lgclexicul f‘ommi:tee ‘_‘"“" nu.mh be re\i:, 31 every {H‘xm
nol revised, either reapproved or withdrawn, Your commenis are invited ("""’f ol rewsmf; ‘:f ) fjsmln. = at ir{::,:-mq ol; the
Handards gng should be addressed to ASTM Headguarters. Your comments will re(‘en: (‘f}!&:fu (ons‘l ;f: f:l’rl }‘;urin = L;‘s);ould
"esponsible technical committee, which you may attend. If you feel that your commenis have :ol r;ualz; s { whi;h M?f[ i
“€ your views known to the ASTM Committee on Standards, 1916 Race St., Pﬁllud«lp 4MS 7 ;; b‘oun‘."of ey
Jurthey aring regarding your comments. Failing satisfaction there, you may appeal to the AST!
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