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A. / Haber process

TheHaber process also called thélaber—-Bosch processis the
nitrogen fixation reaction of nitrogen gas and log#m gas, over an
enriched iron or ruthenium catalyst, which is usegproduce ammonia.
The Haber process is important because ammonidfisull to produce
on an industrial scale, and the fertilizer genetdtem the ammonia is
responsible for sustaining one-third of the Eanpiwpulation. Despite the
fact that 78.1% of the air we breathe is nitrogére, gas is relatively
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unreactive because nitrogen molecules are heldhtegey strong triple
bonds. It was not until the early 20th century tltlsis method was
developed to harness the atmospheric abundancérogen to create
ammonia, which can then be oxidized to make thexte$ and nitrites
essential for the production of nitrate fertilizerd explosives.

The process

By far the major source of the hydrogen requiredtiie Haber-
Bosch process is methane from natural gas, obtaitedugh a
heterogeneous catalytic process, which requiredeta external energy
than the process used initially by Bosch at BASte electrolysis of
water. Far less commonly, in some countries, coalsed as source of
hydrogen through a process called coal gasification

Synthesis gas preparation

First, the methane is cleaned, mainly to removdusumpurities that
would poison the catalysts.
The clean methane is then reacted with steam owatadyst of nickel
oxide. This is called steam reforming:

CH4+ Hzo—> CO+3 |'&
Secondary reforming then takes place with the edinf air to convert
the methane that did not react during steam refaymi

2CH,+0,—»2CO+4H

CH,+2QG,— CO, + 2 HO
Then the water gas shift reaction yields more hgednofrom CO and
steam.

CO+HO—-CO+H,
The gas mixture is now passed into a methanatachvonverts most of
the remaining CO into methane for recycling:

CO+3 |'£—> CH4+ HZO
This last step is necessary as carbon monoxidemeibe catalyst. (Note,
this reaction is the reverse of steam reformingg dverall reaction so far
turns methane and steam into carbon dioxide, steachhydrogen.
Ammonia synthesis - Haber process
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The final stage, which is the actual Haber procésshe synthesis of
ammonia using a form of magnetite, iron oxide hesdatalyst:

N2 (@) + 3 H (9) 2 NH: (@) (AH = -92.22 kJ-mal)

This is done at 15-25 MPa (150-250 bar) and bet@@énand 550 °C,
passing the gases over four beds of catalyst, eating between each
pass to maintain a reasonable equilibrium constant.each pass only
about 15% conversion occurs, but any unreactedsgase recycled, so
that eventually an overall conversion of 98% camadigeved.

The steam reforming, shift conversion, carbon dlexiemoval,
and methanation steps each operate at absolusupref about 2.5-3.5
MPa (25-35 bar), and the ammonia synthesis loopatgse at absolute
pressures ranging from 6-18 MPa (60-180 bar), dkpgrupon which
proprietary design is used.

B. / Ammonia Ghosts

Description

Have you ever seen an ammonia ghost? You'll gebd fpok at one
when you try this activity. They are pretty timtdpugh, for ghosts; in
fact, a few drops of vinegar is all that it takes¢tare them away!
Ammonia diffuses through a paper towel into a ldvgtile of water
containing phenolphthalein. Convection currentsisive pink ghosts
gently.

Chemical Concepts

1. Some compounds are different colors in the acidasit forms.
These compounds are called indicators.

2. Reactions of indicators are reversible.
Ammonia solutions are less dense than water.

Safety

Wear goggles at all times.
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Procedure

1.

Safety-

Fill the large beaker with tap water to within 3 of the top,
then stir in the 10-12 mL of 1.0% phenolphthalafugon. Place
the beaker in position for the demonstration afahadi-5
minutes for the solution to come to rest.

Prepare some dilute vinegar solution by mixing 1 ohL5%
vinegar with 9 mL of tap water.

Place the lead weights (or pebbles) in the babg jag then add
the 20-25 mL of household ammonia.

Place two or three layers of paper towel over tbatmof the
baby food jar, and secure them in place with aeubland (this
may require two sets of hands!). Cut away the epdizer towel
fringe.

Wet the paper towel with a milliliter or two of tlélute vinegar.
Then carefully lower the baby food jar into the kezaof
water/phenolphthalein solution. (Avoid disturbirng twater, and
try to position the jar upright in the center.)

Wait and observe. Add dilute vinegar to dispersegiosts, and
watch formation of the ghosts again. The reactsamversible for
many cycles.

Watch surface of the towel where the gas is diffg$nto the
solution.

Also, to "scare the ghost away," a few drops oéger
(undiluted) may be added and gently stirred in. dhest quickly
disappears, only to reappear later on.

Wear goggles.

Materials-

o 20-25 mL of household ammonia {about 3 M Na&t)}
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= or

o 20-25 mL of 7.5 M NH (Add 10 mL of conc. ammonia
to 10 mL of water.) This more concentrated soluti®n
faster than household ammonia.

o 10-12 mL of prepared 1% phenolphthalein solution
(Dissolve 1.0 g of phenolphthalein in 50 mL of 95%
ethanol. Add 50 mL of water slowly with rapid siig.
Use a magnetic stirrer if it is available.)

= or
o 2-3 ExlaX tablets dissolved in 25 mL of rubbing alcohol
e 1 2-L clear plastic bottle
e SCissors
« 1 baby food jar or similarly shaped small, cleantainer
e a paper towel
« arubber band
» 80 -100 g of lead fishing weights or small pebbles
» stirring rod
- adisposable plastic pipet or eye dropper
» 5% vinegar
- water

Disposal-
Discard solutions at the sink. Store lead weightsebbles for reuse.
Lab Hints-

1. Determine (mathematically or by trial and erroranbucket of

water) how many lead weights it takes to make tinptg baby
food jar sink in water.
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2. Use scissors to cut the top portion off of the Plhastic soda
bottle to create a tall plastic beaker. Strip thigel. Cut the sides
of the bottom piece of plastic away leaving a saotglastic for
support.

3. The dilute vinegar placed on the paper towels axtgrovide a
time delay for the basic ammonia must first neizeathe acidic
vinegar before it can make the solution basic. g delay
allows the water to settle again after the jar lbesn added. The
thickness of the paper towel also plays a rolethé ghost is
taking too long to make its appearance, try usewerf layers of
paper towel or a more dilute vinegar solution.

4. If local tap water is so basic that the phenolpleihaturns pink,
add vinegar dropwise until the pink color disappear

Observations-

Household ammonia is actually a solution of ammaaia in water. The
pungent odor one experiences when opening a lmbtdlenmonia is due to
some of the ammonia gas coming out of solution. $ame happens
inside the baby food jar. The ammonia gas leavesatution, diffuses up
to the top of the jar, and there it re-dissolve® ithe water of the wet
paper towel. As it does so, it turns the solutiorand around the paper
towel pink (ammonia acts as a base in water andptienolphthalein
indicator changes to pink in a basic environmeAthmonia not only
produces a basic solution, it also does somethiagféw other substances
do; as it dissolves, the density of the solutioordases (Density of 17 M
Ammonia -- 0.90 g/mL). And although this decreasslight, it is enough
to cause the pink solution to rise slowly upwantbtigh the beaker. The
wispy, ephemeral appearance of this rising colufanomonia solution
resembles (if you use your imagination) a pink greseerging from the
jar. Furthermore, the shapes and movements gedessem to be
different each time the demonstration is performed.

Forrasokhttp://dwb4.unl.edu/chemistry/beckerdemos/BD023Lhtm

http://en.wikipedia.org/wiki/Haber_process



