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QHny) Designation: D 4824 — 94 (Reapproved 1999)

Standard Test Method for
Determination of Catalyst Acidity by Ammonia
Chemisorption *

This standard is issued under the fixed designation D 4824; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This test method involves the measurement of total catalyst acidity by chemisorption of ammonia
in a static volumetric system. Acidity is a very important parameter in determining catalyst activity
and selectivity in many commercial reactions. Zeolite based catalysts used in the petroleum industry
for catalytic cracking are a prime example. This test method describes a simple procedure employing
inexpensive equipment that could readily be assembled in most laboratories.

1. Scope W, = tare weight of sample tube, g.
1.1 This test method covers the determination of acidity of W, = sample plus tare weight of tube, g.
catalysts and catalyst carriers by ammonia chemisorption. AP1r = initial ammonia pressure corrected to standard tem-
volumetric measuring system is used to obtain the amount of perature, torr.
chemisorbed ammonia. P,r = final ammonia pressure corrected to standard tem-
1.2 This standard does not purport to address all of the perature, torr.

safety concerns, if any, associated with its use. It is the
g X ' ; ; 4, mmary of Test Meth
responsibility of the user of this standard to establish appro- Summary of Test Method

priate safety and health practices and determine the applica- 4-1 Asample is degassed by heating in a vacuum to remove

bility of regulatory limitations prior to use. adsorbed vapors from the surface_. The sample is then expose_d
to an excess of gaseous ammonia and the excess ammonia is
2. Referenced Documents removed by freezing it into a trap cooled with liquid nitrogen.
2.1 ASTM Standards: The chemisorbed ammonia is calculated as the difference

D 3766 Terminology Relating to Catalysts and Catafysis Petween the volume of ammonia before exposure and the
E 691 Practice for Conducting an Interlaboratory Study tovolume recovered in the liquid nitrogen trap.

Determine the Precision of a Test MetRod 5. Significance and Use

3. Terminology 5.1 This test method can be used to determine the acidity of
3.1 Definitions—Consult Terminology D 3766. catalysts and catalyst carriers by ammonia chemisorption for
3.2 Symbols: materials specifications, manufacturing control, and research

and development in the evaluation of catalysts.

V., = calibrated expansion volume, ém 6. Apparatus

T, = temperature oW, at initial ammonia pressure, K. 6.1 A schematic diagram of one type of apparatus is shown

T, = temperature o¥, at final ammonia pressure, K. in Fig. 1. It may be constructed of glass or metal and may

P, = initial ammonia pressure, torr. operate manually or automatically. It has the following fea-

P, = final ammonia pressure, torr. tures:

Ws = weight of sample, g. 6.1.1 Vacuum Systemcapable of attaining and maintaining

pressures below I torr (0.01 Pa) in the absence of catalyst.

6.1.2 Expansion Vesselhaving a volume between 300 to
1 This test method is under the jurisdiction of ASTM Committee D-32 on 500 Cn’?, (V k)_known to the nearest 0.01 émNOIe l)' This
Catalysts and is the direct responsibility of Subcommittee D32.01 on PhysicalVolume is defined as the volume between stopcatkand Vg

Chemical Properties. and includes the pressure gage and ammonia bulb.
Current edition approved Jan. 15, 1994. Published March 1994. Originally . ]

published as D 4824 — 88. Last previous edition D 4824 — 93, Note 1—An expansion vessel of smaller volume is recommended for
2 Annual Book of ASTM Standardéol 05.03. materials of low surface area or smaller sample size.

3 Annual Book of ASTM Standardgol 14.02.
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FIG. 1 Apparatus

6.1.3 Constant Volume Gageapable of measuring 0 to 250  Note 2—Take special precautions if the moisture content exceeds
torr to the nearest 16 torr (10 Pa). approximately 5% to avoid “bumping” of powdered sample. It is
6.1.4 Vacuum Gage capable of measuring 0 to 1000 torr to recommended that the heating rate not exceed 100 K/h under these
the nearest 10 torr (0.1 Pa). cireumstances.
6.1.5 Valve, (Vg) from ammonia supply to the expansion 8.6 Continue degassing at 673 K for a minimum of 3 h, at
volume. a pressure not to exceed F0torr (0.1 Pa) Pa. Overnight
6.1.6 Sample Tubeswith volume between 5 and 25 ém degassing is permissible.
The sample tube(s) may be connected to the apparatus WIthNOTE 3—Certain materials will decompose at 673 K or will sinter.

standard taper joints, glass-to-glass seals, or compressiQByer degassing temperatures are permissible for such materials; how-

fittings. ) ) ever, the degassing temperature should be specified when reporting the
6.1.7 Dewar Flask(s) for immersion of ammonia (freeze- results.

back bulb) in liquid nitrogen.

6.1.8 Thermometer or Thermocoupléor measuring the K
temperature of the expansion volumé, Alternatively, the 8.8 Close stopcock/ - to isolate the samples from the
expansion volume may be thermostatted a few degrees abO\é !

?(pansion volumey,, and admit ammonia t¥, through valve
ambient to obviate the necessity of recording this temperatur ko | : K
6.1.9 Heating Mantle or Smgll Furnacéo? each sa?’nple %8' Assume a chemisorption of approximately 5%gnand

tube admit sufficient ammonia to give an excess pressure of 100 to
6.1.10 Balance with 0.1-mg sensitivity. 150 torr (13 to 20 KPa) during exposure.

6.1.11 Thermomet Th & ing th 8.9 Close the ammonia valvi, 4, and freeze the ammonia
o eter or {heérmocoupleor measuring e 4 the ammonia bulb by immersing the bulb in liquid
temperature of the sample tube.

6.1.12 Liquid Nitrogen Cold Trapfor vacuum system. nitrogen.

6.1.13 Drvina Tube for drvi ; » | 8.10 After the ammonia is frozen, close the sample valves
T ying 1ube for drying ammonia gas (for example, Vg and Vg, open valveV, and pump out noncondensible
a 3A molecular sieve or BaO).

impurities. (Two minutes is normally sufficient pump time.)

8.7 After outgassing, lower the sample temperature to 448

7. Reagents 8.11 After pumping out noncondensible impurities, close
7.1 Ammonia Gasat least 99.9 % pure. valve V; to the vacuum source and remove the liquid nitrogen
7.2 Liquid Nitrogen from the ammonia bulb so the ammonia may expand Vjto
7.3 Nitrogen Gas at least 99.9 % pure, passed throughMeasure the pressurg, and temperatur@,.

drying tube. 8.12 Close valve/, to the vacuum source and open sample

valvesV -, thenV; or V, exposing the sample(s) to excess

8. Procedure ammonia for 30 min. Sample temperature should be 448 K.
8.1 Weigh sample tubes to 0.1 mg and record\gsPlace 8.13 After 30-min exposure, freeze ammonia back into the

approximatef 2 g of sample into the sample tube. ammonia bulb for a periodfo2 h by immersion in liquid
8.2 Attach the sample tube to the apparatus. nitrogen.

8.3 Open the sample valve¥ { or V, or both). 8.14 After freeze-back period, close valve to separate

8.4 Slowly open the valve to the vacuum systew))( sample tube(s) from expansion volumg, If the pressure is
monitoring the rate of pressure decrease to avoid too high aot less than 0.1 torr (10 Pa) at the end of the freeze-back
rate, which might lead to excessive fluidization of powderedperiod, then the system leaks and the test should be repeated.

samples. Remove liquid nitrogen and allow ammonia to expand Mto
8.5 Place a heating mantle or furnace around each sample system does not leak there should be no condensibles.
and raise the temperature to 673 K. Measure pressur®, ,, and temperaturel,,. Documents
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