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distillation. The assembly is moved down to allow for easy
mounting and removal of the distillation flask from the unit.

A2.9 Receiving Cylinders—The receiving cylinder shall

——have-a-capacity-to-measure and collect 100 mL. The shape of

the base shall be such that the receiver does not topple when
placed empty on a surface inclined at an angle of 13° from the
horizontal.

A2.9.1 Manual Method—The cylinder shall be graduated at
intervals of 1 mL and have a graduation at the 100-mL mark.
Construction details and tolerances for the graduated cylinder
are shown in Fig. A2.3.

A2.9.2 Automated Method—The cylinder shall conform to
the physical specifications described in Fig. A2.3, except that
graduations below the 100-mL mark are permitted, as long as
they do not interfere with the operation of the level follower.
Receiving cylinders for use in automated units may also have
a metal base.

A2.9.3 If required, the receiving cylinder shall be immersed
during the distillation to above the 100-mL graduation line in
a cooling liquid contained in a cooling bath, such as a tall-form
beaker of clear glass or transparent plastic. Alternatively, the
receiving cylinder may be placed in a thermostated bath air
circulation chamber.

A2.10 Residue Cylinder—The graduated cylinder shall
have a capacity of 5 or 10 mL, with graduations into 0.1 mL
subdivisions, beginning at 0.1 mL. The top of the cylinder may
be flared, the other properties shall conform to Specification
E 1272.

Dimensions in mm

/ Fire Polished

 —————
1.75+0.25
Wall Thickness

25416

1915+ 135

Scale Length

Note 1—1-100 mL in 1 mL graduations; tolerance = 1.0 mL.
FIG. A2.3 100 mL Graduated Cylinder

A3. DETERMINATION OF THE DIFFERENCE IN LAG TIME BETWEEN AN ELECTRONIC TEMPERATURE
MEASUREMENT SYSTEM AND A MERCURY-IN-GLASS THERMOMETER

A3.1 The response time of an electronic temperature
measuring device is inherently more rapid than that of a
mercury-in-glass thermometer. The temperature measuring
device assembly in general use, consisting of the sensor and its
casing, or an electronic system and its associated software, or
both, is so designed that the temperature measuring system will
simulate the temperature lag of the mercury-in-glass thermom-
eter.

A3.2 To determine the difference in lag time between such
a temperature measuring system and a mercury-in-glass ther-
mometer, analyze a sample such as gasoline, kerosine, jet fuel,
or light diesel fuel with the electronic temperature measure-
. Ient system in place and in accordance with the procedures
i described in this test method. In most cases this is the standard
i distillation step performed with an automated unit.

A3.2.1 Do not use a single pure compound, a very narrow
boiling range product, or a synthetic blend of less than six
compounds for this test.

A3.2.2 Best results are obtained with a sample that is typical
. of the sample load of the laboratory. Alternatively, use a

full-range mixture with a 5 to 95 % boiling range of at least
100°C.

33

A3.3 Replace the electronic temperature measuring device
with a low range or a high range mercury-in-glass thermom-
eter, depending on the boiling range of the sample.

A3.4 Repeat the distillation with this thermometer, and
manually record the temperature at the various percent recov-
ered as described in 10.14.

A3.5 Calculate the values for the repeatability for the
observed slope (AT/AV) for the different readings in the test.

A3.6 Compare the test data obtained using these two
temperature measuring devices. The difference at any point
shall be equal to, or less than, the repeatability of the method
at that point. If this difference is larger, replace the electronic
temperature measuring device or adjust the electronics in-
volved, or both.
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A4. PROCEDURE TO DETERMINE THE PERCENT EVAPORATED OR PERCENT RECOVERED AT A PRESCRIBED
TEMPERATURE READING

A4.1

evaporated or recovered at prescribed temperature readmgs

either as maxima, minima, or ranges. The procedures to
determine these values are frequently designated by the terms
Exxx or Rxxx, where xxx is the desired temperature.

Note A4.1—Regulatory standards on the certification of reformulated
gasoline under the complex model procedure require the determination of
E 200 and E 300, defined as the percent evaporated fuel at 93.3°C (200°F)
and 148.9°C (300°F), respectively. E 158, the percent evaporated at a
distillation temperature of 70°C (158°F), is also used in describing fuel
volatility characteristics. Other typical temperatures are R 200 for kero-
sines and R 250 and R 350 for gas oils, where R 200, R 250, and R 350
are the percent recovered fuel at 200°C, 250°C, and 350°C, respectively.

A4.2 Determine the barometric pressure, and calculate the
correction to the desired temperature reading using Eq 3, Eq 4,
or Eq 5 for ¢t =xxx°C (or #;=xxx°F).

A4.2.1 Manual Method—Determine this correction to
0.5°C (1°F).

A4.2.2 Automated Method—Determine this correction to
0.1°C (0.2°F).

A4.3 Determine the expected temperature reading to yield
xxx°C (or xxx°F) after the barometric correction. To obtain the
expected value, add the absolute value of the calculated
correction to the desited temperature if the barometric pressure
is above 101.3 kPa. If the barometric pressure is below 101.3
kPa, subtract the absolute value of the calculated correction
from the desired temperature.

A4.4 Perform the distillation, as described in Section 10,
while taking into account A4.5 and A4.6.

A4.5 Manual szstillation:

A4.5.1 In the region between about 10°C below and 10°C
above the desired expected temperature reading determined in
A4.3, record the temperature reading in intervals of 1 volume
%.

A4.5.2 If the intent of the distillation is to solely determine
the value of Exxx or Rxxx, discontinue the distillation after at
least another 2 mL of distillate have been collected. Otherwise,
continue the distillation, as described in Section 10, and
determine the observed loss, as described in 11.1.

A4.52.1 If the intent of the distillation is to determine the
value of Exxx and the distillation was terminated after about 2
mL of distillate was collected beyond the desired temperature,
allow the distillate to drain into the receiving graduate. Allow
the contents of the flask to cool to below approximately 40°C
and then drain its contents into the receiving graduate. Note the
volume of product in the receiving graduate to the nearest 0.5
mL at 2 min intervals until two successive observations agree.

A4.5.2.2 The amount recovered in the receiving graduate is
the percent recovery. Determine the amount of observed loss
by subtracting the percent recovery from 100.0.

A4.6 Automated Distillation:

A4:6.1 In the region between about 10°C below and 10°C

above the desired ‘expected temperature reading determiTed-Tr—

A4.3, collect temperature-volume data at 0.1 volume % inter-
vals or less.

A4.6.2 Continue the distillation, as described in Section 10,
and determine the percent loss, as described in 11.1.

A4.7 Calculations:

A4.7.1 Manual Method—If a volume % recovered reading
is not available at the exact temperature calculated in A4.3,
determine the percent recovered by interpolation between the
two adjacent readings. Either the linear, as described in 11.6.1,
or the graphical procedure, as described in 11.6.2, is permitted.
The percent recovered is equal to Rxxx.

A4.7.2 Automated Method—Report the observed volume to
0.1 volume % corresponding to the temperature closest to the
expected temperature reading. This is the percent recovered, or
Rxxx.

A4.7.3 Manual and Automated Methods—To determine the
value of Exxx, add the observed loss to the percent recovered,
Rxxx, as determined in A4.7.1 or A4.7.2 and as described in Eq
9.

A4.7.3.1 As prescribed in 12.6, do not use the corrected
loss.

A4.8 Precision:

A4.8.1 The statistical determination of the precision of the
volume % evaporated or recovered at a prescribed temperature
has not been directly measured in an interlaboratory program.
It can be shown that the precision of the volume % evaporated
or recovered at a prescribed temperature is equivalent to the
precision of the temperature measurement at that point divided
by the rate of change of temperature versus volume %
evaporated or recovered. The estimation of precision becomes
less precise at high slope values.

A4.8.2 Calculate the slope or rate of change in temperature
reading, Sc(or Sg), as described in 13.2 and Eq 11 and using
temperature values bracketing the desired temperature.

A4.8.3 Calculate the repeatability, r, or the reproducibility,
R, from the slope, Sc (or Sg), and the data in Table 8, Table 9,
or Table 10.

A4.8.4 Determine the repeatability or reproducibility, or
both, of the volume % evaporated or recovered at a prescribed
temperature from the following formulas:

"volume % = r/S. (Sg) (A4.1)
Rvolume % = RIS (Sy) (A4.2)
where:
"volume % = repeatability of the volume % evaporated or
recovered,
Rvolume % = reproducibility of the volume % evaporated

or recovered,
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r = repeatability of the temperature at the pre-
scribed temperature at the observed percent
distilled,

R = reproducibility of the temperature at the
prescribed temperature at the observed per-

e~ = et distilled, and
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SASg) - = rate of change in temperature reading in °C
(°F) per the volume % evaporated or recov-
ered.

A4.8.5 Examples on how to calculate the repeatability and
the reproducibility are shown in Appendix X2.

AS. REPEATABILITY FOR GROUP 0 SAMPLES

AS5.1 Differences in duplicate temperature readings for each
prescribed percentage point should not exceed the amounts
equivalent to 2 mL of distillate at each point in question.

A5.2 The difference, d, in temperature between two read-

ings 2 mL apart for Determination 1 at Volume V is either:
d=I1T,(V-2)=T(V)lor

d, =T, (V +2) — T,(V)|

For Determination 2, the two values of d are

dy=1T,(V—2)—TyV)lor

d,=\T,(V +2) — T,(V)|

where:

Fig. X1.1.
Sample ID:
Date analyzed:
Equipment No:
Remarks:
observed
98.6 kPa
% 740 mm Hg
recovered °c °F
18P 25.5 78
¢ 5 33.0 91
10 39.5 103
H 15 46.0 115
20 54.5 130
i 30 74.0 165
40 93.0 199
50 108.0 226
: 60 123.0 253
: 70 142.0 288
| 80 166.5 332
: 85 180.5 357
! 90 200.4 393
i EP  215.0 419
i
? recovered, ¥ 94.2
{ residue, % 1.1

loss, %

~
-

Analyst:

Barometric pressure

T (V) = temperature reading of sample x at volume
v,

T.(V+2) = temperature reading of sample x at volume
V+2mL, and

T.(V-2) = temperature reading of sample x at volume
V-2 mL.

(A5.1) To be conservative, we now choose the smallest of these four
(A52) values, that is,
d.. = lowest value of d|, d,, d;, or d, (A5.5)
(A5.3) Duplicate temperature readings are deemed to be within the
repeatability criterion if
A4 T, (V) = T, (V)| < dy (A5.6)
APPENDIXES

(Nonmandatory Information)

X1.1 The observed distillation data used for the calculation
of the examples below are shown in the first three columns of

Barometric pressure: 98.6 kPa
procedure
arithmetical/graphicat
% [l
evaporated °C ¥ e
5 26.7 80.0
10 34.1 93.4
15 40.7 105.2
20 47.3 1171
30 65.7 150.2
40 84.9 184.9
50 101.9  215.3
60 116.9  242.4
70 134.1 273.3
80 156.0 312.8
85 168.4 335.1
90 182.8 361.0
95 189.5 371.1

corrected

101.3 kPa

760 mm Hg

°c °F
26.2 79.2
33.7 92.7
40.3  104.5
46.8 116.2
55.3  131.5
74.8  166.7
93.9 201.0
108.9 228.0
1264.0 255.1
143.0 289.4
167.6  333.6
181.6 358.9
201.6 394.8
216.2 4211
95.3

1.1

3.6

FIG. X1.1 Example of Test Report
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X1. EXAMPLES ILLUSTRATING CALCULATIONS FOR REPORTING OF DATA

X1.1.1 Temperature readings corrected to 101.3 kPa (760
mm Hg) pressure (see 11.3) are as follows:

correction (°C) = 0.0009 (101.3 — 98.6) (273 + t.) X1.1D)
correction (°F) = 0.00012 (760 — 740) (460 + tf) (X1.2)

X1.1.2 Loss correction to 101.3 kPa (see 11.4) are as
follows. The data for the examples are taken from Fig. X1.1.

corrected loss = (0.5 + (4.7 — 0.5)/ (X1.3)
{1 +(101.3 — 98.6)/8.0} = 3.6

X1.1.3 Recovery correction to 101.3 kPa (see 11.4.1) are as
follows:

corrected recovery = 94.2 + (4.7 — 3.6) = 95.3 (X1.4)

X1.2 Temperature Readings at Prescribed Percent Evapo-
rated:

X1.2.1 Temperature reading at 10 % evaporated (4.7 %
observed loss = 5.3 % recovered) (see 11.6.1) are as follows:

Tyor (°C) = 33.7 + [(40.3 — 33.7) (X1.5)
(5.3 = 5)I(10 — 5)] = 34.1°C
Tyop (°F) = 92.7 + [(104.5 — 92.7) (X1.6)

(5.3 = 5)/(10 — 5)] = 93.1°F
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X1.2.2 Temperature reading at 50 % evaporated (45.3 %
recovered) (see 11.6.1) are as follows:

(85.3 — 85)/(90 — 85)] = 361.0°F

X1.2.4 Temperature reading at 90 % evaporated (85.3 %
recovered) not corrected to 101.3 kPa pressure (see 11.6.1) are
as follows:

Tee (°C) = 93.9 + [(108.9 — 93.9) (X1.7)
8 R e GRS e A +4-056. ‘
Tp (°F) = 201 + (228 — 201) (X1.8)

(45.3 — 40)/(50 — 40)] = 215.3°F

X1.2.3 Temperature reading at 90 % evaporated (85.3 %
recovered) (see 11.6.1) are as follows:

Tyoe (°C) = 181.6 + [(201.6 — 181.6) (X1.9)
(85.3 — 85)/(90 — 85) ] = 182.8°C
Tyor (°F) = 358.9 + [(394.8 — 358.9) (X1.10)

Toop (°C) = 180.5 + [(200.4 — 1803

\ATTTY
(85.3 — 85)/(90 — 85)] = 181.7°C
Tyoe (°F) = 357 + [(392 — 357) (X1.12)

(85.3 — 85)/(90 — 85)] = 359.1°F

Note X1.1—Results calculated from °C data may not correspond
exactly to results calculated from °F data because of errors in rounding.

X2. EXAMPLES OF CALCULATION OF REPEATABILITY AND REPRODUCIBILITY OF VOLUME % (RECOVERED OR
EVAPORATED) AT A PRESCRIBED TEMPERATURE READING

X2.1 Some specifications require the reporting of the
volume % evaporated or recovered at a prescribed temperature.
Table X2.1 shows the distillation data of a Group 1 sample as

TABLE X2.1 Distillation Data from a Group 1 Sample Automated

Distillation
T . Volume (mL)
Dﬁlzggiﬁg dp(::l‘_t Temperature® C Temperature °F Recovered at
’ 93.3°C (200°F)
18.0

10 84 183

20 94 202

30 103 217

40 12 233
Volume (mLO

Distillation Point

Evaporated, mL Temperature® C

Temperature® F Evaporated at

93.3°C (200°F)

18.4
10 83 182
20 94 201
30 103 217
40 1M 232

obtained by an automated unit.

X2.2 Example Calculation:

X2.2.1 For a Group 1 sample exhibiting distillation charac-
teristics as per Table X2.1, as determined by an automated unit,
the reproducibility of the volume evaporated,®volume %, at
93.3°C (200°F) is determined as follows:

36

X2.2.1.1 Determine first the slope at the desired tempera-
ture:

Sc% = 0.1(T go — T (109)
=0.1(94 — 83)
= 1.1
Sp% = 0.1(T 20, = T (1)
= 0.1 (201 — 182)
=19
X2.2.2 From Table 9, determine the value of R, the repro-

ducibility at the observed percentage distilled. In this case, the
observed percentage distilled is 18 % and

R=33+20(S)
=33+20x11
=55
R=60+20(Sp)
=60+20X19
=938

X2.2.3 From the calculated value of R, determine the value ;
of volume, as described in A4.8.4.

R volume % = R/(S;)
= 5.5/1.1
=5.0
R volume % = R/(Sy)
=9.8/19
=51

(X2.1)

(X2.2)

x23)
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X3. TABLES OF CORRECTED LOSS FROM MEASURED LOSS AND BAROMETRIC PRESSURE

X3.1 The table presented as Fig. X3.1 can be used to X3.2 The table presented as Fig. X3.2 can be used to
determine the corrected loss from the measured loss and the determine the corrected loss from the measured loss and the
barometric pressure in kPa. barometric pressure in mm Hg.

Barometric Pressure, kPa

from 761 809 845 873 896 915 931 941 955 964 972 979 984 989 995 1000 1004 1008 101.2 101.5 1020 1024 102.8 103.2
through 808 844 872 895 914 930 940 954 963 971 978 983 988 994 999 1003 1007 1011 101.4 1019 1023 1027 103.1 1035

Observed

Loss /—— Corrected Loss ———~~ >

Units
0 037 035 033 031 029 027 025 028 020 0.18 016 014 013 011 009 006 004 002 -000 -002 -006 -0.09 -0.13 -0.17
1 063 065 067 069 071 073 075 078 08 08 084 08 087 08 092 094 096 098 100 103 1.06 1.09 1.13 117
2 089 095 101 108 114 120 126 133 140 146 152 157 162 168 175 181 187 194 200 208 217 227 238 251
3 115 125 136 146 157 167 177 188 199 209 219 228 237 247 258 269 279 280 300 313 329 345 363 384
4 141 156 170 184 199 214 228 243 259 273 287 300 312 326 341 356 370 38 400 418 440 463 489 518
5 168 186 204 223 242 261 279 298 319 337 355 371 387 405 425 444 462 481 500 523 551 581 614 652
6 194 216 239 261 284 308 330 353 378 401 423 442 462 484 508 531 553 577 600 628 663 699 740 7.86
7 220 246 273 300 327 355 380 408 438 465 49 514 537 563 591 618 644 673 700 733 774 817 865 920
8 246 276 307 338 370 4.02 431 463 498 528 558 58 612 641 674 706 736 769 800 838 88 935 99 1053
9 272 307 341 376 412 449 482 518 557 592 626 656 687 720 757 793 827 865 900 943 997 1053 11.16 11.87

10 298 337 376 415 455 496 533 573 617 65 694 728 762 799 841 881 919 960 1000 1048 1108 11.71 1241 13.21
11 324 367 410 453 497 543 584 628 677 720 761 799 837 878 924 968 1010 1056 11.00 1153 1220 12.89 1367 14.55
12 350 397 444 492 540 590 635 683 736 784 829 871 912 957 1007 1056 11.02 1152 12.00 1259 13.31 14.07 1492 1589
13 376 427 478 530 583 636 686 739 796 847 897 942 986 1036 1090 1143 11.93 1248 13.00 13.64 1443 1525 1617 17.22
14 403 458 513 569 625 683 736 794 856 911 964 1013 1061 11.15 1174 1231 1285 1344 14.00 14.69 1554 1643 1743 1856
: 15 429 488 547 607 668 730 787 849 9145 975 1032 1085 11.36 11.93 1257 13.18 13.76 1440 1500 1574 16.66 17.61 1868 19.90
; 16 455 518 6581 645 710 7.77 838 904 975 1039 11.00 1156 12.11 1272 13.40 1406 14.68 1536 16.00 16.79 17.77 1879 19.94 21.24
I 17 481 6548 616 684 753 824 889 959 1035 11.03 11.68 1227 12.86 13.51 1423 1493 1559 1631 17.00 17.84 18.88 19.97 21.19 2258
18 507 578 650 722 786 871 940 10.14 1094 1166 12.35 1299 13.61 1430 1507 1580 1650 17.27 18.00 18.89 20.00 21.15 22.44 23.91
19 533 608 684 761 838 918 991 1069 1154 1230 13.03 13.70 14.36 1509 1590 1668 17.42 1823 19.00 19.94 21.11 2233 2370 2525
20 559 639 718 7.99 881 965 1041 11.24 1214 1294 1371 1441 1511 1588 1673 17.55 18.33 19.19 20.00 2099 2223 2351 2495 26.59

3 Tenths

E 00 000 000 000 000 000 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.0
§ 0.1 003 003 003 004 004 005 005 006 006 006 007 007 007 008 008 009 009 010 0.0 0.11 0.11 0.12 013 0.13
4 02 005 006 007 008 009 009 0.10 O0.11 012 013 014 014 0.5 016 0.7 017 0.148 019 020 0.21 022 024 025 027
1 03 0.08 009 010 042 043 014 015 017 018 019 020 021 022 024 025 026 027 029 030 032 033 035 038 040
g 04 010 012 014 015 017 019 020 022 024 026 027 029 030 032 033 035 037 038 040 042 045 047 050 054
%:; 05 013 015 047 019 021 023 025 028 030 032 034 036 037 0339 042 044 046 048 050 053 056 059 063 0.67
3 06 016 018 021 023 026 028 031 033 036 038 041 043 045 047 050 052 055 058 060 063 067 071 075 080
é 07 0.18 o021 024 027 030 033 036 039 042 045 047 050 052 055 058 061 064 067 070 074 078 083 088 094
i 08 021 024 027 031 034 038 041 044 048 051 054 057 060 063 067 070 073 077 080 084 08 0984 100 107

09 024 027 031 035 038 042 046 050 054 057 0.61 064 067 071 075 079 0.82 0:86 0.90 0:95 1.00 1.06 113 120
FIG. X3.1 Corrected Loss from Observed Loss and Barometric Pressure kPa
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Barometric Pressure. mm Hg.

from 571 607 B34 €55 672 686 698 706 716 728 729
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734 738 742 746 750 753 756 759 762 765 768 771 774
737 7M1 745 749 752 755 758 761 764 767 770 TI3 716

trrough 606 633 654 671 685 697 708 715 722 728 733
s Observed ]
oS Oor et Loss .= sna R

Units
0 037 035 033 031 029 027 025 023 020 018 0.16
1 063 065 067 069 071 073 075 077 080 08 084
2 0.89 095 101 1.07 114 120 1.26 1.32 138 145 1.51
3 115 125 136 146 156 167 177 187 199 209 219
4 1.41 1.55 170 184 199 214 227 242 258 272 286
5 167 186 204 222 241 2.61 278 297 318 336 354
6 193 216 238 261 284 3.07 329 352 377 389 421
7 219 246 272 299 326 354 379 407 436 463 488
8 246 276 307 337 369 4.01 430 462 496 527 556
9 272 306 341 376 411 4.48 4.81 517 555 590 6.23

10 298 336 375 414 454 494 531 5.71 615 654 691
11 324 366 409 452 496 541 58 626 674 717 758
12 350 396 443 491 539 588 633 68t 7.34 781 826
13 376 427 478 529 58 635 683 736 793 844 893
14 402 457 512 567 624 682 734 791 853 908 961
15 428 487 546 606 666 7.28 785 846 912 971 1028
16 454 517 580 644 709 775 835 9.01 972 1035 10.95
17 480 547 614 682 751 822 886 956 1031 1098 11.63
18 506 577 649 721 794 8698 937 1011 1091 11.62 12.30
19 532 607 683 759 836 9.5 988 1065 11.50 1225 1298
: 20 558 637 7147 797 879 962 1038 1120 12.09 1288 13:65
Tenths

014 013 011 009 007 005 002 -000 -0.03 -0.06 -0.08 -013 -0.17
086 087 089 091 093 095 098 100 103 106 109 113 117
157 182 168 174 180 186 1.93 200 208 217 227 238 250
228 236 246 257 267 277 288 300 313 328 344 363 383
299 311 325 340 354 368 383 4.00 419 432 462 488 517
370 386 4.03 423 441 459 479 500 6524 550 58 613 650
441 460 482 505 528 550 574 600 629 661 697 738 784
512 535 560 58 615 641 669 700 734 772 815 863 917
583 609 638 671 702 732 764 800 840 884 933 988 1050
654 684 717 754 789 823 860 900 945 995 1050 11.13 11.84
725 758 795 837 876 914 955 10.00 1050 11.06 11.68 1238 13.17
796 833 874 918 963 1005 1050 11.00 11.56 1217 12.86 13.63 14.51
8.67 907 952 1002 1050 10.96 1146 1200 1261 1328 14.03 14.88 15.84
938 9.82 1031 1085 11.37 11.87 1241 1300 13.66 1439 1521 1613 17.17
10.09 1057 11.09 1168 1224 1278 13.36 14.00 1471 1551 1639 17.38 18.51
10.80 11.31 11,88 1251 13.11 13.68 14.31 1500 1577 1662 1757 1863 19.84
1151 12.06 1266 13.33 13.98 14.59 1527 16.00 16.82 17.73 1874 19.88 21.18
1222 1280 1345 1416 1485 1550 16.22 17.00 17.87 1884 1992 2113 2251
12,93 13.55 1423 1499 1572 16.41 17.17 18.00 1893 19.95 2110 2238 23.84
1364 1429 1502 1582 1659 17.32 1812 19.01 19.98 21.06 2227 2364 25.18
1435 1504 1580 16.64 17.46 1823 19.08 20.01 21.03 22.17 2345 24.89 26.51

000 000 000 000 000 000 000 000 000 000 000 000 0.00
007 007 o0.08 008 009 009 010 010 011 011 012 0143 018
014 015 016 017 017 018 019 020 021 022 024 025 027
021 022 024 025 026 027 029 030 032 033 035 038 040
028 030 031 033 035 036 038 040 042 044 047 050 053
036 037 039 041 043 045 048 050 053 056 059 063 067
043 045 047 050 052 055 057 060 063 067 071 075 080
050 052 055 058 061 064 067 070 074 078 082 088 083
057 060 063 066 070 073 076 080 084 089 094 100 107
064 067 071 075 078 08 08 090 085 100 106 113 1.20

FIG. X3.2 Corrected Loss from Observed Loss and Barometric Pressure mm Hg

PROCEDURE TO EMULATE THE EMERGENT STEM ERROR OF A

MERCURY-IN-GLASS THERMOMETER

0.0 000 000 000 000 000 000 000 000 000 000 000
0.1 003 003 003 004 004 005 005 005 006 0068 007
0.2 005 006 ~007 008 008 009 010 011 012 013 013
03 o008 009 010 011 013 014 0145 016 018 0149 020
04 010 012 044 015 017 019 020 022 024 025 027
0.5 0.13 015 0.7 019 0.21 023 025 027 030 032 034
06 0.16 0.18 0.21 023 025 028 030 033 036 038 040
07 ‘018 021 024 027 030 0833 035 038 042 044 047
08 021 024 027 031 034 037 041 0.44 048 051 0.54
0.9 023 027 031 034 038 042 046 049 054 057 061
X4.
X4.1 When an electronic or other sensor without an

emergent stem error is used, the output of this sensor or the
associated data system should emulate the output of a mercury-
in-glass thermometer. Based on information supplied by four
manufacturers of automated Test Method D 86 equipment, the
averaged equations shown in X4.2 and X4.3 have been
reported to be in use.

X4.1.1 The equations shown in X4.2 have limited applica-
bility and are shown for information purposes only. In addition
to the correction for the emergent stem, the electronic sensor
and associated data system will also have to emulate the lag in
response time observed for mercury-in-glass thermometers.

X4.2 When a low range thermometer would have been
used, no stem correction is to be applied below 20°C. Above
this temperature, the correction is calculated using the follow-
ing formula:

ASTMICT,, =T, — 0.000162 X (T, — 20°C)* (X4.1)

X4.3 When a high range thermometer would have been
used, no stem correction is to be applied below 35°C. Above
this temperature the correction is calculated using the follow-
ing formula:

ASTM8CT,, =T, — 0000131 X (T, - 35°C)2  (X4.2)

where:

T,, = emulated temperature in °C for low range thermom-
eters,

T,, = emulated temperature in °C for high range ther-
mometers, and

T, = true temperature in °C.
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SUMMARY OF CHANGES"

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue
(D 86-00a) that may impact the use of this standard.

) Upﬁated A4.8. Changed method of calculation of precision  (4) In A2.9.2, allowed graduations below the 100 mL mark on
from the old two-step process into the new one-step process. receiving cylinders for automated equipment as long as they do
(2) Updated Appendix X2. Changed method of calculation of  not interfere with the operation of the level follower.
precision from the old two-step process into the new one-step
process.

(3) Clarified that 12.7.1 is only applicable to the manual
method.

(5) Changed instructions in 10.19.1.1 to clarify how to remedy
large amounts of residue.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above

address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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