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ABSTRACT 

The production and handling in 1999 of about 200 million kilograms of 
bromine plus substantial derivatives thereof by Great Lakes Chemical Corp. 
and Albemarle Corporation in their southern Arkansas refineries gave 
OSHA Occupational Injury/Illness Rates (OIIR) in the range of 0.74 to 1.60 
reportable OIIRs per 200,000 man hours. OIIRs for similar industries and a 
wide selection of other U.S.industries range from 1.6 to 23.9 in the most 
recent OSHA report. Occupational fatalities for the two companies in 1999 
were zero compared to a range in the U.S.of zero for all computer 
manufacturing to 0.0445 percent for all of agriculture, forestry and fishing 
in the most recent OSHA report. These results show that bromine and its 
compounds can be considered as safe chemicals as a result of the bromine 
safety standards and practices at the two companies. 

The use of hydrobromic acid as an electrical energy storage medium in 
reversible PEM fuel cells is discussed. A study in 1979 of 20 megawatt 
halogen working fluid power plants by Oronzio de Nora Group found such 
energy to cost 2 to 2.5 times the prevailing base rate at that time. New 
conditions may reduce this relative cost. The energy storage aspect allows 
energy delivery at maximum demand times where the energy commands 
premium rates. The study also found marginal cost and performance 
advantages for hydrobromic acid over hydrochloric acid working fluid. 
Separate studies in the late 70s by General Electric also showed marginal 
performance advantages for hydrobromic acid. 
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BROMINE 

The Element 

Bromine was discovered in 1826 by Balard in France and Lowig in 
Germany. It was named as a result of its strong odor after the Greek word 
bromos for stench. It is exceedingly toxic bringing on tears at 1 ppm and 
respiratory damage at 10 ppm. It is very active chemically. It is composed 
in nature of 5 1 % Br79 and 49% Br8 1. It is the only liquid nonmetallic 
element under standard conditions. Its density is 3.12 gm/cm3. Its vapor 
pressure is 0.28 atm at room temperature. It boils at 59C and freezes at 
-7c. 

Lyday (1,2) has listed the following summary of the bromine situation in 
1999. The quantity of bromine sold or used in the United States was 239 
million kilograms (mkg) valued at $21 3 million or $0.89 per kg on 
average. 1999 yearend FOB prices were $1.23-1 S O  per kg for bulk tank car 
loads and $2.71 per kg for a truckload of drums. Primary uses of bromine 
compounds were in flame retardants (40%), drilling fluids (24%), 
brominated pesticides (mostly methyl bromide for termites and strawberry 
pests) ( 12%), water-treatment chemicals (7%), and others including 
photographic chemicals and rubber additives ( 17%). International 
distribution of bromine production was as follows, United States, 45%, 
Israel, 35%, China, 9%, United Kingdom, 5% and other countries, 6%. 
Because of depleting reserves, environmental constraints and the emergence 
of Israel's development of the Dead Sea resource, the US portion has 
declined from 1973 when it was 71% of the world production. 
The world production in 1999 was 5 10 mkg with the distribution of US, 
231, Israel, 180, China, 40, UK, 30, Japan, 20 and others, 9, all in mkg 
units. The data show the US with a net import. 

Resources 

The largest source of bromine on Earth, by far, is sea water with an average 
concentration of 65 ppm, which gives a bromine total of 10" mkg. 
65 ppm compares to -5000 ppm in the Dead Sea and about the same 
concentration in the brine in the Smackover Formation in southern 
Arkansas. Lyday (2) lists the Dead Sea resource as lo6 mkg bromine and 
the U.S.resource as -lo4 mkg bromine. Albemarle Corp. (3) considers the 
Smackover proven resource to give 20 years of production life which at the 
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1999 Smackover production of -210 mkg gives -4x103 mkg in good 
agreement considering the declining concentration and the deposits of Dow 
Chemical Co. in Michigan. The most important resource, by far, is the 
Dead Sea where the concentration is 5000/65 or 77 times higher than in the 
oceans and where the brine can be pumped from the surface and returned to 
the surface. The bromine recovery there may be secondary to KzO (potash) 
and MgC12 recovery (4). 

The Smackover brine is contained within the limestone of the formation at 
a depth of 6,000 to 9,000 ft. It must be pumped to the surface and the spent 
brine must be reinjected to maintain the pressure in the formation. The 
brine temperature coming to the surface is 215F ( 5 )  to 230F (l).The deposit 
was discovered in 1945 in connection with a routine analysis of oil well 
output by Frank Soday at Lion Oil Company (6). 

Production 

The bromine plant capacities of the US producers are: Albemarle Corp., 
140 mkg/yr, Great Lakes Chemical Corp., 187 rrikg/yr, both from brine 
from Smackover in southern Arkansas. The Ludington Plant, Dow 
Chemical Go., in Mason County, Michigan has a bromine capacity of 20 
mkg/yr (all values from Ref. 1). The actual production depends on brine 
availability. 

Processing 

Brine is pumped thru a tower as shown in Fig. 1 and reacted with injected 
chlorine to produce Brz and NaCl(7). HBr is produced by burning bromine 
with liquid hydrogen which gives a final acid temperature of -1000F (7). 
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Bromine Production 
Basic mocess steos 

LPrechlqrinationI 1 Removal of H2S 
Bromine Tower 

To purification I 
NaBr + H,O + Na+ + Br’ + H,O 
CI, + 2 B r - j  2CI‘ + Br, 

Lf=+ 2 Bromine stripping 
3 Product purification 
4 Disposal of Brine 

I r 

Brine 

Na+ + Br- + H,O 

Disposal 
* well 

Na+ + CI- + H,O 

Figure 1. Bromine Recovery Process. 

BROMINE SAFETY 

Chemical Safety 

The major refineries of Albemarle and Great Lakes are located in farmland 
close to Magnolia and El Dorado, AR, respectively. They are both adjacent 
to state highways. Their nearest neighbors are one or less than one mile 
away respectively. Their wells are strung out over many miles in an 
east/west orientation south of the cities along the Smackover Formation. 
Brine from the wells is transported by pipeline to the refineries. Its toxicity 
is relatively low but close attention is given to maintaining the integrity of 
the pipelines. There has never been a bromine spill reaching outside of 
either company’s plant limits in their approximately 36 years of operation. 

Great care is exercised in the refineries to insure that all equipment is 
properly chosen to contain the many working fluids ranging fi-om bromine 
and hydrobromic acid at a wide range of temperatures and pressures to 
liquid hydrogen, phosgene and many other hazardous intermediates and 
products. 
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Great care is also exercised to insure that all refinery personnel are fully 
aware of the hazards by regular safety briefings and are properly trained in 
process operations and that they are properly outfitted with clothing, 
headgear and eye and breathing protection consistent with the hazards of 
their particular work environment. 

Visitors are briefed at Great Lakes with a 16-minute video (8) which 
instructs them on the hazards, protective equipment, the spill warning 
system and evacuation routes. Visitors are also required to stay with an 
employee at all times. No visitor is allowed in without an employee-signed 
badge certifjring that the video has been seen. Albemarle accomplishes 
visitor safety by employee accompaniment at all times and restricting access 
to hazardous areas. 

Safe Handling Practice and Product Containment Materials 

Please refer to the manuals, pages 16 to 28 in Appendix B, and pages 6 to 
17 in Appendix C and the MSDSs as listed under MSDS in the 
Bibliography for guidance in handling bromine, the acids and related 
materials, in proper worker protective gear and emergency procedures. The 
simplest rules are: use glass, tantalum, niobium or TFE, PFA, FEP or 
Kalrez fluoropolymers for wet (>30 ppm water) or dry elemental bromine 
containers and wear a hard hat, chemical safety goggles, a face shield, full 
plastic or rubber suit, neoprene or rubber gloves tucked under the suit 
sleeves and rubber boots or high rubber shoes under the suit pants legs. Also 
carry a clothespin type respirator and self contained breathing apparatus 
(SCBA). If you can smell a bromine spill put on the respirator, (0.5 ppm 
brings tears), and leave quickly. If you have to stay very briefly, put on 
SCBA and leave as quickly as possible. 

Beyond these simplest rules and for bromine compounds see the manuals 
themselves. Beyond that call Joe Sanders at Albemarle, 225-388-7758 or 
Jon Lehmkuhler at Great Lakes, 765-497-601 1, for answers or referrals. 
They are anxious to see that you have the benefit of their experience with 
bromine safety. 
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Plant Safety Records 

Both plants have current plant safety records as follow: 

Albemarle Great Lakes 

OSHA Recordable Occupational 0.74 1.60 
Injury/Illness Rate, OIIR, per 200,000 
man-hours, for calender 2000 

Man-hours since last lost-time accident 
with 140 mkg/yr plant capacity as of 
December 31,2000 

4 17,576 

Time since last lost-time accident as of 
April 17, 2000 

Central Plant, 93 mkg/yr capacity 
South Plant, 25 rnkg/yr capacity 
West Plant, 59 mkg/yr capacity 

291 days 
2 yrs, 65 days 
3 yrs, 296 days 

Table 1 shows OIIRs for a wide selection of corresponding and other 
industries. It is seen that the bromine numbers are equal or better than the 
best in the table. 

Table 1. OSHA Occupational Illness / Injury Rates (OIIR) in a Selection of 
Categories for 1998 (9) 

The OIIR are in reportable incidents per 200,000 manhours of billed work. 

I I I I I 
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fittings 

Metal forming 
, machine tools 

, Flat glass 

Fabricated structural 
metal 

Manufacturing motor 
vehicles and car 

18 17,600 14.6 

16,700 17.5 

80,900 17.6 

343,700 23.9 

Blast furnaces and 160,200 10.0 
steel mills 

Plumbing, heating 831,400 10.1 
and air conditioning 

Saw mills and 183,400 13.8 
1 planing mills 

Table 2 shows fatality records for 1999 for a quite similar selection of 
industries (1 0). Great Lakes has had no occupational deaths in the last 5 
years of plant operation. Albemarle has had no occupational deaths in 36 
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Total US workers, 
1998 

years of plant operation with a current employment level of about 500. 
Comparing these data with those in the table warrants the conclusion that 
again the two producers stand among the best. 

104,640,700 

Table 2. U S Industrial Work Related Fatalities, 1999 ( 1 1) 

Mining 

Bituminous coal 
and lignite 
Crude petroleum 
and natural gas 

Some Major Cateqories 

86,100 28 0.0325 down 

138,000 11 0.0080 flat 

I Category I Population I Fatalities I Percent I Trend, 1994-1999 
1 I I I 

Construction 

I I I I 

Agriculture, forestry I 1,815,100 1 807 I 0.0445 - level 

I I 

I I 

Some Minor Cateaories 

Category I Population I Fatalities I Percent I Trend, 1994-1 999 
I I I I 
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Industrial 1 15,400 
inorganic 

5 0.0043 -down I 
chemicals I I I I 
Metalworking 12 0.0034 NO 

stations 
Grocery stores 
Electrical 
services, public 

insurance and 
real estate I I I I 
Gasoline service I 672,000 28 0.0042 down 

3,061,700 94 0.0031 steady decrease 
363,000 24 0.0066 slightly down 

utilities I I I I 

ELECTROCHEMISTRY 

Halogen Energy Storage and Power Production 

There is a very large number of means to provide the electric power for 
industry and homeowners if not quite yet for car drivers. First coal and 
steam, then oil and steam, now oil or gas or nuclear and steam and or air, or 
solar or water supply electric power from central or mobile stations to the 
users. The early steam plants gave a thermal efficiency for converting the 
energy in the fuel to the energy delivered on the power line of -15 to 20%. 
Currently oil or gas and steam yield -35%. The Westinghouse Eddystone 
oil or gas fired, high pressure, high temperature steam plant of -1960 gave 
47% but was too costly. Nuclear and steam give -30%. The current, usually 
gas-fired, gas-turbine Brayton Cycle (air) topped Rankine Cycle (steam) 
plants give -50%. They are cost effective because lightweight, highly- 
efficient, aircraft derivative gas turbine technology has been applied. 



12 

Hydroelectric power is 80 to 90% efficient but only works at TVA, Grand 
Coulee, Bonneville, Hoover, in California and elsewhere with large water 
height and/or flow. Solar electric gives -15% but is expensive and limited 
by sunshine. It may be assisted by storage. Solar thermal is coming along. 
Wind power is -2% efficient but there is -1600 MW of it operational on 
hot afternoons on the coastal hills in California (12). California law requires 
that it must be purchased by the electric utilities. They use it and back off 
from their own power generation. Storage of this energy might make sense 
economically in the overall energy situation. Tidal, wave, ocean thermal 
gradient and Gulf of Mexico geopressure power are not attractive 
financially and apparently, in the U.S., neither is nuclear power. 
Thermonuclear fusion power may come some time in the future (13). 

Where does electrochemical energy fit into the overall energy picture? The 
devices are simple, a positive and a negative electrode immersed in an 
electrolyte makes up a cell. Cells can be stacked in series to give additive 
voltage or in parallel to give additive current just as with batteries. Supply a 
voltage difference between the electrodes of a water cell and hydrogen and 
oxygen gas are produced from the electrolyte as in the electrolyzers in 
everybody’s high school chemistry class. Supply hydrogen and oxygen gas 
to the electrolyte, water is formed, a voltage difference is created at the 
electrodes and the device is called a he1 cell. Connecting a power source to 
the electrodes gives steady-state gas generation in electrolyzer mode or 
connecting an electrical load gives steady-state power generation in fie1 cell 
mode. 

The electrolyte can be a conducting liquid or a high temperature solid that 
conducts oxygen (14) or a low temperature solid that conducts protons. 
Such a latter solid in a DuPont version called Nafion is perfluorosulfonic 
acid solid polymer. The generic name is PEM for proton exchange 
membrane. In PEM devices the protons and oxygen ions are created by 
platinum catalyzed ionization from water in electrolyzer mode or from 
platinum catalyzed hydrogen and oxygen in fuel cell mode. 

This survey is restricted to PEM electrochemical devices because they are 
particularly receptive to the use of halogens in the oxygen role and they 
have been proven in service in space and in long term service as the oxygen 
source for the US and British naval submarine fleets. They have long life 
expectancy and are free from the secondary chemical reactions present in 
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liquid electrolyte devices. Figure 2 shows the inputs and outputs for the 
charge (electrolyzer) and discharge (he1 cell) operating modes. 

Charge Mode 

Discharge Mode 

H20  Cycle HCI Cycle HBr Cycle 

2 H + O  -2H 0 H + C I  - 2 H C I  H +Br  -2HBr  
2 2  2 2 2 2 2  

Figure 2. Electrochemical Cycles. 

PEM electrochemical devices are efficient. A hydrogen-air PEM fuel cell 
delivers -50% of the energy in the hydrogen (15). A hydrogen-oxygen 
PEM fuel cell delivers -70% of the hydrogen energy (16). A hydrogen- 
halogen PEM %el cell delivers -84% of the hydrogen energy (1 7) .  PEM 
fuel cells are relatively expensive at the moment primarily because of the 
need for platinum or a platinum containing compound catalyst to ionize the 
reactants. They are simple because the products are energy and water or 
energy and a halogen acid. 

PEM electrochemical devices are reversible. Figure 3 shows test results for 
reversed hydrogen-bromine, hydrogen-chlorine and hydrogen-oxygen h e 1  
cells. It is seen that the round trip efficiencies are -80% for the hydrogen- 
halogens and -55% for hydrogen-oxygen all at a practical current density 
of 200 amp/@. Figures 4 and 5 show the data for the halogen cycles in 
Figure 3 and Figure 6 shows the data for the water cycle. 

These high efficiencies for reversible operation create a clear advantage for 
electrochemistry to serve as the means for storing solar, off-peak central 
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90 8 
$ 5 80 
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70 
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@ 7% HBr + Br, 14.7 psia, 75F 
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- 

0 
0 
- 30 .- 
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8 20 
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10 

0 
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Figure 3. Reversed electrolyzer/fuel cell performance 
with several reactants. 

station and wind energy for more appropriate delivery times. Hydroelectric 
(pumped) energy storage may be the most efficient, above -80% round 
trip, but it needs elevated reservoirs and the connecting flumes and some 
proximity to the customers. Brayton Cycle gas turbine energy storage gives 
-35% round trip, but it needs a depleted natural gas reservoir and customer 
proximity. 

The reversibility of these electrochemical devices is similar to the 
reversibility of Pb/acid, Ni/Cd, Li/ion and Ni/MH batteries in that the 
media are reversed so that no reactants need to be added. Electrical energy 
is put in to charge the devices and discharged to deliver the energy. Leakage 
or chemical reaction of the reactants with the confining structure will of 
course limit the life of the reversibility. The PEM reversible fuel cell has 
the particular advantage of decoupling the reactant storage from the reaction 
chamber. 
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1.700 - I I I I I I 
- 
- 
- 

- 
- 
- 

3 ,oOo -to electric efficiency - 
- 
.. 

50 100 150 200 250 300 350 
Current density - ASF 

Hydrogen-chlorine regenerative fuel cell 

1.400 I I I 1 
1.200 - 

1.000 - 

0.800 - 

7% HBR & BR, 

14.7 PSlA 

0.600 

0.200 

0.000 I I I I I 
100 200 300 

Current density - ASF 
Baseline hydrogen bromine regenerative fuel cell 

Figure 4. 

It is seen in Figure 3 that efficiency decreases as the current density 
increases. The inefficiencies of all of the devices are due to internal 
electrical 12R and reaction kinetic effects. Picking the current density is a 
matter of trading between capital costs which tend to decrease with 
increasing current density and operating costs which tend to go down as 
efficiency rises. The current density of 200 amp/ft2 is in the ballpark for 
present devices (1 8). 
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- Area = 46 cm2 

- Temperature = 80-90" C - 
- Pressure = 2.3 BAR Projected( ) 

Electric-to-electric efficiency 

- 5 W T Y o H B R  - 

- 
- 90.8% 82.1 % 74.1% - 
- (94%) (90Yo) (85%) - 

I I I 

1.400 
1.300 
1.200 

0 1.100 n 
> 1.000 
h 0.900 

0.800 
9 0.700 
f 0.600 " 0.500 

0.400 
0.300 
0.200 

0) - 

I I I I I 1 I I 

Figure 5. H,/Br, regenerative cycle optimum 
performance. 

Cell # 9734A 
Active area 46 cm2 (0.05 ft2) 
Naf ion 11 7, E-5TM (4 mg/cm2/electrode) 
0.639 MPa (78 psig) hydrogedwater vapor 
1.10 MPa (145 psig) oxygenlwater vapor 
Inlet Temperature 90.6 "C (195 OF) 
Internal resistance 6.3 mW at 24 "C (75 OF) 
Measured 15 May 1997 

- - 1.6 
- 1.4 
- 1.2 

- 

- 
- 
- - 1.0 

0.6 - 
o 100 200 300 400 500 600 700 aoo goo i00oAs0i.4 

108 323 861 1076 mNcm2 
Current density 

Figure 6. High performance URFC polarization 
curves. 
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It is also seen in Figure 3 that the bromine cycle device has the highest 
efficiency at a given current density with chlorine marginally lower and 
water lower still. The advantage for bromine over chlorine is likely due to 
the lower separation voltage for HBr compared to HCl(l9). Water is lower 
in efficiency because the reaction rate of oxygen at the oxygen electrode in 
either fuel cell or electrolyzer mode seems to be much slower than in the 
halogen cases (20). 

Figure 7 shows a 5 watt regenerative HBr unit that ran for 4000 hours 
cycling between fuel cell and electrolyzer operation without incident in 
-1980. 

The stimulus for the early work on halogen electrochemistry was the threat 
by OPEC of reducing crude oil production in the mid-1970s. Increased 
attention was given to raising the efficiency of energy production. 

It was known as stated earlier that the basic steam electric power plant 
efficiency could be raised from the -35% level to the -45% level at that 
time by heating the steam with the exhaust from a gas turbine topping 
cycle. It was also known that regenerative fuel cells could take energy from 
renewable sources to electrolyze water and deliver energy from the 
combination of the resulting hydrogen and oxygen in a fuel cell at any more 
appropriate time with round trip efficiencies at or above the 45% level. 
Present day individual water electrolysis and fuel cell efficiencies are -70% 
and the round trip efficiency for energy input to output is -55% (21). 

Under the OPEC stimulus it was shown that even higher round trip 
efficiencies would result from replacing the water with a halogen acid. 
Hydrogen and the halogen would be produced in electrolysis and then 
combined to produce energy and the acid in the fie1 cell for regeneration. 
The gain with halogen compared to oxygen is attributed to the slower 
reaction rate for oxygen at the oxidizer electrode in either fuel cell or 
electrolysis mode as noted earlier (20). 

How does all of this relate to a real present day power plant? 
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Figure 7. H2/Br2 demonstration regenerative fuel 
cell system. 

The Brookhaven National Lab Regenerative Halogen Fuel Cell Power Plant 
Study (22) 

The question was considered in the Brookhaven study done by Oronzio de 
Nora in 1979 for a 20 MW plant. The significant findings of this study 
were (23): 
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1. Cost of the energy delivered was 2 to 2.5 times the base cost of 
normal electric energy at that time (24), 

2. Capital cost of the high pressure hydrogen storage plus chlorine 
option was $1 125 per KW (25), 

3. Using bromine as a working fluid saved up to -7% in capital costs 
mostly due to the low storage pressure for bromine compared to 
chlorine (26), 

4. Overall regenerative efficiency, energy out to energy in, was 70% 
for bromine and 67% for chlorine, 

5. A chlorine option plant could have been built with the technology 
available in 1979, the bromine option required some additional 
equipment characterization, 

6. Bromine inventory was 330,000 kg for the bromine option. 

Other Cycles 

The present process of burning Br2 with liquid H2 to produce HBr does not 
actively recover the reaction energy. The replacement of this burning with a 
fuel cell would produce -90% of the reaction energy directly in electric 
energy and would produce the HBr at low temperature. 

For a very long time the production volume of chlorine, which far exceeds 
the production volume of bromine, has been done electrochemically by the 
chloralkali process. Figures 8 and 9 show early versions and Figure 10 
shows the current technology. The difference is in the nature of the 
membrane separating the anode and cathode regions. In the early version 
the membrane was asbestos (!) and these days in new plants it is the same 
PEM as in the fuel cell units discussed previously. In this case the PEM 
conducts sodium ions. Because the PEM is expensive there are still many 
chloralkali plants using older membrane technology. 

Although it has not been reduced to significant practice there are patents 
(27) on the production of HBr and oxygen by reacting bromine with steam 
in a solar reactor and cycling the HBr thru a regenerative fuel cell in 
electrolysis mode to produce hydrogen and bromine. The net result of this 
mode is the production of hydrogen and oxygen from solar energy, water 
and inexpensive off-peak electric energy. The bromine inventory would be 
matched to the peak electric energy demand. Bromine and hydrogen would 
be switched to storage in preparation for energy delivery during a peak. 
Any gain in this scheme over a simple regenerative water cycle with 



20 

hydrogen and oxygen storage or delivery will be associated with the overall 
conversion efficiency gain for bromine over water shown in Figure 3 and 
studied by De Nora (23). 

This cell consists of an iron 
tank. The anode is made 
up of graphite suspended 
in a solution of brine. An 
asbestos diaphragm pre- 
vents the diffusion of the 
chlorine into the sodium 
hydroxide solution. The 
cathode is a U -shaped sheet 
of perforated iron. "he pos- 
itively charged ions of so- 
dium and hydrogen move to 
the cathode where hydrogen 
is liberated and sodium hy- 
droxide remains in solution. 
The sodium hydroxide solu- 
tion is drawn off at times 

and more brine is added. 

DIAGRAM OF A NELSON CELL USED TO PRODUCE CHLORINE INDUSTRIALLY 

PRODUCING CRLORXNE IN QUAKTITY. Chlorine is obtained on a com- 
mercial scale by means of hundreds of cells connected in batteries. About 
W,i  of this industrial chlorine is used in the paper industry, 22:b in 
bleaching textiles, and 10% in sanitation including the sterilization of 

public water supplies. 

Figure 8. Chlorine Production Nelson Cells. 
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I<,lc*rt mlytrc production of clilorin~ in l’orre cells. 

Figure 9. Chlorine Production in Vorce Cells. 

Chloralkali Process 
t SilOlf I One of the best known of effect on electrochernistrv in 

these is the chioralkali process. 
In the past three decades the 
discovery of incrt highly 
selective ion exchange mem- 
branes and anodes have 
revolutionized this proces, as better. 
have simultaneous develop- 
ments in plate-and-frame and 
other cell designs. These 
techn ol og i cal advances have 

general with the result that the 
whole field has changed and 
the opportunities for cleaner, 
more efficient electrochemical 
processing have never been 

Every rlrctrochonicd cell liclr ntr nncnle, 

merir lww (.W to keep cirrodrr and tnrlrutlic. had a spill-over 
pro( cw(rt qinrt orid frtr c c k t i w  trurr\port 
ufiortrc spcc.icq. 

n ccrtlrnde mcl n f b n  n wpirrtrror or 

Figure 10. Chloralkali Process. 
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Withrow, Eric Stauder is Global Business Manager, Bromine and 
Intermediates 

Lawrence Livermore National Laboratory- Dr. Andrew Weisberg 

National Power PLC- Stuart Bartley, Dr. Alice Elliott 

Proton Energy Systems Inc- Fred Mitlitsky 

SRT Group, 1nc.- Harley Heaton 

REFERENCES AND NOTES 

1. P.A. Lyday, Bromine, U.S. Geological Survey Minerals Yearbook- 
1999, 14.1 

2. P.A. Lyday, Bromine, U.S. Geological Survey, Mineral Commodity 
Summaries, February 2000, 40-4 1 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mick Kassem, private communication 

An estimate of the Dead Sea resources of these salts is given in 
General Chemistry, Harry N. Holmes, 3d Ed., 1937, 53 1, as 1 .2x106 
mkg potash, 7 . 7 ~ 1 0 ~  mkg of bromine salts MgBr, and NaBr which 
gives - 6 . 4 ~ 1 0 ~  mkg of Br, with the assumption of an equal presence 
and 2 . 0 ~ 1 0 ~  mkg of MgC1,. This bromine resource estimate agrees 
well with the lo6 mkg reported by Lyday (2). 

Phillip Beaver, private communication 

Bromine Brine, Arkansas Geological Commission, 
http://www.state.ar.us/agc/bromine.htm. The 1952 date is a private 
communication from Bekki White 

Greg Withrow, private communication 

Visitors Safety, Central, South and West Plants, Great Lakes 
Chemical Corporation, 5/9/00, VHS video tape, 16 minutes, the tape 
is included as Appendix A. 

See web site, http://stats.bls.gov/special.requests/ocwc/oshwc/ 
osh/os/ostb0759.txt. The itemization in Table 1 is arbitrary. It is 
taken from a very large number of categories in the web site to show 
the range using familiar categories. 

The itemization of the categories in the source table (1 1) for Table 2 
is different than the itemizations for source table (9) for Table 1. 
Therefore some categories in the two tables are identical as, e.g., 
Crude Petroleum and Natural Gas and Financing, Insurance and Real 
Estate, etc. Some categories in Table 1 are lumped into larger 
categories in Table 2 as, e.g., Computer Manufacturing, 204,100, is 
lumped into Computer and Office Equipment Manufacturing, 
380,000, Alkali and Chlorine Production, 10,300, is lumped into 
Industrial Inorganic Chemicals, 1 15,400 and Fabricated Pipe and 
Fittings, 30,200, is lumped into Miscellaneous Fabricated Metal 
Products, 268,400. 

See web site, http://stats.bls.gov/special.requests/ocwc/oshwc/cfoi/ 
cftbOl3 1 .txt. The itemization in Table 2 is also arbitrary. It is also 
taken fi-om a very large number of categories in the web site to show 
the range using familiar categories. 

http://www.state.ar.us/agc/bromine.htm
http://stats.bls.gov/special.requests/ocwc/oshwc
http://stats.bls.gov/special.requests/ocwc/oshwc/cfoi


24 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

See web site, http://www.awea.org/projects/california.html. 

The National Ignition Facility (NIF) at Lawrence Livermore may 
reach a thermonuclear fusion power balance with deuterium-tritium 
fuel. A power balance occurs when input power equals output 
power. A useful power gain might come in the future. Deuterium is 
present naturally one in 5000 hydrogens. Tritium would be bred and 
power generated in a lithium blanket surrounding the D-T plasma. A 
more difficult reaction is deuterium-deuterium fusion. Should that be 
accomplished each cup of Earth’s water would have the energy 
equivalent of a cup of gasoline. 

A. Pham, B. Chung, J.Haslam, J. DiCarlo, R. Glass, Solid Oxide 
Fuel Cell Development at LLNL, 2000 Fuel Cell Seminar Abstracts, 
787-790 

Nuttall et al, Bibliography, Papers, -1977, 3919 

Mitlitsky et al, Regenerative Fuel Cell Systems, Energy & Fuels, l2, 
1, 1998, Fig. 29 shows 0.90 volts for H2/02 fuel cell operation at 200 
amp/ft2, the theoretical voltage is 1.23 volts (1 8), the resultant 
efficiency is 100 x 0.90 / 1.23 =73%. 

Balko et al, Bibliography, Papers, 1980, Figures 1, both H2/C12 and 
H2/Br2 show 84% fuel cell efficiency at 200 amp/ft2. The bromine 
voltage is 0.863 compared to a zero current voltage of 1.027. The 
chlorine voltage is 1.087 compared to 1.290. 

The steeper slope for the halogens in Figure 3 particularly the Balko, 
McElroy cases indicates a tendency toward lower optimum current 
density than for water or for the McElroy, Patwa case. The final 
choice of the design point current density must be based on a 
thorough cost analysis. 

The Electrosynthesis Co. brochure cited in Bibliography/General lists 
the oxidation-reduction potentials for chlorine as 1.36 volts, water as 
1.23 volts and bromine as 1.07 volts. These values are also given in 
Balko et al, Bibliography, Papers, 1981. The 1.23 volts for water is 
given on page 577 therein and the halogen voltages are given in Fig. 

http://www.awea.org/projects/california.html
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5 ,  page 581 therein. Note that the halogen voltages decrease 
significantly from the above-stated values for increased acid 
molality and that the bromine advantage persists. 

20. This judgment is based on observations with operating equipment. 
Note that the major difference between halogen and water devices is 
just oxygen so that it is not unreasonable to attribute the performance 
difference to it. 

21. Mitlitsky, op. cit., the previously noted fuel cell efficiency of 73% 
goes with an electrolyzer efficiency also at 200 amp/ft2 of 100 x 
1.23h.64 = 75%. Combining the two gives a round trip efficiency of 
55% as shown on Figure 3. 

22. Spaziante, P.M., et al, Bibliography, Reports, 1979 

23. These findings were taken from various sections of the study report. 

24. This result is taken from Table 13, p.28 of the report where the base 
cost of energy from the supply network was 3.00 cents per kwh and 
the chlorine system output energy cost was 5.78 to 7.60 cents per 
kwh. 

The following discussion has the purpose of establishing additional 
background for the application of bromine based regenerative fuel 
cells in electric utility service. The base rate for residential power 
from Pacific Gas and Electric Co. (PGE) in June, 1979 was 3.72 
cents per kwh. Inflating this rate by the Bureau of Labor Statistics 
Consumer Price Indices for 1979 and November, 2000, 264.7 and 
652.92, gives 9.18 cents per kwh. The November, 2000 PGE base 
rate for residential energy was 1 1.589 cents per kwh. (Never mind 
the trouble that PGE is now in, involving its steeply rising costs for 
its power all of which is now purchased). 

Their web site is, http://www.pge.com/customer services/business/ 
tariffs/#ERS and choose Web Tariff Book and Electric Rate 
Schedules. Note that there are 56 electric rate categories and a 
megabyte of rate information. Category E- 1 gives the 1 1 S89 cents 
per kwh base rate for residential users. Category E-20P covering 
about 25 pages of closely spaced text is for primary users with 

http://www.pge.com/customer
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maximum demands of one megawatt or higher. There are monthly 
demand charges for maximum peak period, maximum part peak 
period and (plain) maximum demand, all for summer and for winter. 
They range from $13.35 per kw maximum to $2.55 per kw 
minimum for the demand periods to zero for other times. The energy 
charges vary over the same seven periods from 6.210 to 4.637 cents 
per kwh. There is an average rate limiter of 13.995 cents per kwh 
and a peak period rate limiter of 84.876 cents per kwh, both in the 
summer, to cover users who don’t use much energy in the periods. 
There is a further monthly charge of $3 10 for the meter. 

As a simplified example of these charges, take a 1000 kw continuous 
user during a maximum peak power demand period in the summer. 
The demand and meter charges are at a rate of (1 3,350 + 3 lo)( 100) / 
1000 x 30 x 24 = 1.897 cents per kwh. The energy charge rate is 
6.210 cents per kwh which gives a total cost rate of 8.107 cents per 
kwh. Escalating the base power rate in the de Nora report by the CPI 
ratio of 2.467 for November 2000 to 1979 gives 3.0 x 2.467 = 7.401 
cents per kwh which compares closely with the simplified example. 

There has been a public announcement by Tennessee Valley 
Authority and Innogy that they are planning a regenerative fuel cell 
(RFC) energy storage system for installation in the TVA electric 
power generating system. Sodium bromide and sodium polysulfide 
are the working fluids in the RFC system instead of HBr on the basis 
that the costs and hazards of using hydrogen are reduced with the 
sacrifice of some points in operating efficiency. The justification for 
the RFC system is that low demand electric power can be produced 
at low relative cost by the provider, the energy can be stored in the 
RFC system and delivered at demand peaks at maximum demand 
prices. The cited demand costs, ranging from a summer maximum 
peak period rate of $1 1.80 per kw month to a winter maximum 
demand rate of $2.55 per kw month to zero for other times and the 
cited energy costs ranging from 6.210 cents per kwh for summer 
peak to 4.637 cents per kwh begin to illustrate the producer’s savings 
in generating off peak power. These rates are the retail rates and only 
begin to represent the real costs to the producer for peak and low 
demand periods. In fact theTVNInnogy announcement seems to 
indicate that the numbers have been determined and RFC energy 
storage is expected to provide reduced energy costs. 
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An indication of the wholesale cost of generating electric power is 
given by an unofficial response from PGE in 1974 where their cost 
of generating non-hydro, non-geothermal, non-nuclear electric power 
was 0.95 cents per kwh compared to the 1974 residential rate of 
2.167 cents per kwh. 

25. The conversion of capital costs in $/kw to capital cost charges in 
cents per kwh involves the annual fixed charge rate R, to cover 
interest on debt, return on equity, amortization, taxes etc., and the 
capacity factor f, which relates the kwh generated per year to the kw 
installed, as follows: cents per kwh x 8760 f / 100 R = $ per kw. 
The coefficient a = 8760 f / 100 R = 30 to 60 depending on the 
character of the plant service which determines f and the cost of 
money which influences R. Reasonable values for f and R are 0.65 
and 0.15 which gives a = 380. The quoted capital cost of 1125 $/kw 
relates thereby to 2.96 cents per kwh, all in 1979 dollars. The range 
of energy costs in the de Nora report of 5.78 to 7.60 cents per kwh 
gives an operating cost range 2.82 to 4.64 cents per kwh which is in 
the usual range of -1.0 to 1.5 times capital costs 

26. This result is taken from Table 8 in the de Nora report (22) which 
shows 62.(13) to 66.(60)% round trip efficiency for H2/C12 
depending on the site choice and the hydrogen storage pressure and 
69.( 83)% for H2/Br2. The efficiencies compare reasonably with those 
shown on Figure 3 noting that the de Nora figures include parasitic 
and rectifiedinverter losses in contrast to the Figure 3 data which is 
based on electric in and out (electric to electric) at the device. 
Although the report does not list the current density in the device 
their product line of electrochemical devices run at -200 amp/ft2. 
The entries in their Table 10 for rectifiedinverter and electrochemical 
losses have been apparently transposed. Assuming that they have, the 
de Nora electric to electric efficiency for H2/Br2 is 100 x (286.4- 
61.8)/286.4 = 78.4% and for H2/C12 is 100 x (275.5-61.7)/275.5 
=77.6%. These values agree very closely with the Balko, McElroy 
data in Figure 3 for 200 amp/ft2. 

27. Robin Z. Parker, Hydrogen Generation and Utility Load Leveling 
System and the Method Therefor, US Patent 5,2 19,67 1, 1993 and 
follow-on extensions 
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42 pages 

APPENDIX C 

Bromine Handling Manual, Albemarle Corporation, 8/98 



32 

DIRECTIONS FOR PLAYING APPENDIX A 

Extend screen saver start time to 18 minutes or greater 
This disc can be played with Quick Time Player or Real Player or other 
players 

Either QT or Real can be downloaded free from the Net: 
http://www.apple.com/quicktime/download, go to free download of Quick 

Time Player 
http://www.real.com, go to fi-ee download of Real Player Free 

Download and install program 

http://www.apple.com/quicktime/download
http://www.real.com
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File name for information on disc is safety.mpg 
Insert disc into CD drawer 
For Macintosh: 

Click on CD icon to get Untitled CD folder with safety.mpg file 
Click on file, this brings up player window 
Click on play icon and set sound volume level 

Go to Windows Explorer and find Untitled CD in CD Drive file 
Click on Untitled CD, this brings up player window with safety.mpg file 
Click on play icon and set sound volume level 

For PCNindows: 
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I 0: Blake Myers <myersl6@ Ilnl.gov> 
Subject: Re: Request for Permission 

No problem Blake. I see where I will also get a copy of the final report from 
your distribution list. Regards, Mick 

Blake Myers <myersl6@ Ilnl.gov> on 07/23/2001 03:39:43 PM 

To: Mick Kassem emick-kassem @albemarle.com> 
cc: 

Subject: Request for Permission 

Mick, As we discussed on the phone our Technical Information Division has 
requested that you give permission to include the Albemarle Bromine Safety 
brochure as a part of the forthcoming report titled Bromine Safety which I 
have written. You have seen final draft copies of this report. 

I have sent to you by fax the distribution list for the report. 

I understand from you that the brochure in updated form will be available 
on the Albemarle web site in the near future. 

I want you to know that I greatly appreciate the help that I have received 
from you and many others at Albemarle. 

Printed for Blake Myers <myers 16@llnl.gov> 7/27/0 1 
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JUL-27-2001 FRI 11:19 AM GREAT LAKES CHEMICAL FAX NO. 7654976666 

Great Lakes Chemical Corporation 

Brominated Performance Products 
FAX COVER SHEET 

CONFIDENTIAL 

TO: Blake Myers 
Lawrence Livermore National Laboratories 
Fax (925) 4244731 
Ph (925) 422-7321 

FROM: Jon D. Lehmkuhler 
Great Lakes Chemical Corporation 
Brominated Performance Products 
FAX: (765) 4975941 
Ph: (765) 497-6011 
email: jlehmkuh@glcc.com 

SUBJECT: Release for use of Handling Guides and Videos 

COMMENTS: 
Blake, 
This is what was put toaether to answer the concerns vour Dublfshinq 
grour, had rectardino use of our materials. I how this is sufficient for what 
you need. Let me know If there are anv aroblerns, 
Rewards, 
Jon Lehmkuhler 

Total Pages: 2 

P, 01 

IF FAX IS UNCLEAR OR NOT RECEIVED IN COMPLETE FORM, PLEASE 
CALL (765) 497-6011. THANK YOU. 

mailto:jlehmkuh@glcc.com
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1,IMJTED COPYRIGHT LICENSE 

Grcat Lakes Chemical Corporatioil ("GLCC") hercby grarits to Bhke M y m  of Lawrcnce 
T,ivcmiorc National Laboratories a limitcd liccnsc to utilizc GLCC's Bromine Safcty Guide and 
Safcty Orlcntation Vidco for Plant Visitors (colleaivcly, "the Works") for thc pulposc of 
conducting scienti fio rcsearh aiid publishing articles relating to such rcsearch, iiicluding the 
right 10 publish the Works as part of such articles. hi no event shall Mr. Myers be entitled to 
utilized thc Works for any other purposes. 
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Bromine: Handling and Safety 

for Bromine Safety and Handling Guide 

Great Lakes Chemical Corporation provides this Bromine Manual solely for the convenience of 
i t s  customers and their employees and contractors who are careful, skilled, experienced and 
competent i n  handling and use of dangerous chemicals. This manual i s  neither sufficient nor 
appropriate as training for those who do not meet this standard. Such organizations or persons 
should contact Great Lakes Chemical Corporation prior t o  using or handling bromine. 

Nothing i n  this Bromine Manual i s  intended, or i s  t o  be construed, as a recommendation by 
Great Lakes t o  use, reuse, further manufacture, sell or import/export bromine i n  a manner that: 
(i) infringes any patent, trademark, copyright, trade secret or other intellectual property rights 
of  any third party i n  any jurisdiction; (ii) violates any law; or (iii) does not meet the standard of 
care generally prevailing i n  the United States. 

GREAT LAKES EXPRESSLY DISCLAIMS ALL REPRESENTATIONS OR WARRANTIES OF ANY KIND, 
EXPRESS OR IMPLIED, WITH RESPECT TO THIS BROMINE MANUAL, INCLUDING BUT NOT LIMITED 
TO WARRANTIES OF MERCHANTABILITY, FITNESS FOR PARTICULAR PURPOSE, OR ANY PURPOSE, 
WHETHER THIS MANUAL I S  USED ALONE OR I N  COMBINATION WITH ANY OTHER MATERIAL. 

Great Lakes disclaims liabil i ty for, and the user of  this Bromine Manual assumes al[ risk of, the 
use of the information contained i n  this Bromine Manual and the results o f  such use. 

Great Lakes disclaims a l l  l iabil i ty and responsibility for any and a l l  suits, claims, losses, 
liabilities, demands, judgments, costs, fines, penalties or expenses (including, without 
l imitation, attorneys' fees) with respect t o  bodily injury, personal injury, property damage or 
economic injury sustained by any person and resulting or arising, or allegedly resulting or 
arising, directly or indirectly, from: (i) the information contained i n  this Bromine Manual; or 
(ii) except as expressly otherwise provided i n  a written agreement between Great Lakes and a 
customer, the sale, transportation, possession, processing, treatment, storage, disposal, further 
manufacture, use, other reuse or resale, or the import or export of bromine. 

I ii 

e ' h  Great Lakes 
Chemical Corporation 

I 
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3eat Lakes Chemical Corporation 

GREAT LAKES CHEMICAL CORPORATION IS BROMINE 

Bromine is a member of the halogen group of elements. It 
is a heavy, reddish-brown liquid that gives off a red vapor a t  
room temperature. It is the only non-metallic element that is 
a liquid a t  room temperature. An element that must be 
carefully handled, bromine is used in flame retardents, fir& 
exting uis hants, agricultural products, water purification 
compounds, dyes, pharmaceuticals, photographic chemicals, 
and drilling fluids. 

roamed the Earth and a shallow sea covered much of South- 
ern Arkansas. As the Gulf of Mexico began to  withdraw from 
the North American continent, both chloride and bromide 
salts concentrated, resulting in the brine found in the 
limestone strata now called the Smackover formation. It i s  
from this formation, located approximately 8000 feet below 
the Earth's surface, that bromine-rich brine i s  recovered. 
Bromine is also recovered from seawater and the Dead Sea 

The story of bromine began long, long ago, when dinosaurs 

South Arkansas in  tne early 1960s, Great Lakes 
Chemical Corporation is among the world's largest producers 
and marketers of bromine and brominated specialty chemi- 
cals. Today, 97 percent of the bromine produced in the US. 
comes from Arkansas. 
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Responsible Care@ - 
?’ Doing the Right Thing 

Responsible Care@ is the chemical industry‘s healtll, safety and 
environmental performance improvement initiative. As an obligation of 
membership, Responsible Care@ is the ethical framework around which 
American Chemistry Council member and Partner companies, including 
Great Lakes Chemical Corporation, operate. Responsible Care@ i s  Great 
Lakes’ commitment t o  respond t o  public concerns about the safe man- 
agement of chemicals and has rapidly become the single most important 
performance improvement initiative within the chemical industry. 

Our industry creates products and services that make life better for 
people around the world - both today and tomorrow. The benefits of 
our industry are accompanied by enduring commitments to  Responsible 
Care@ i n  the management of  chemicals worldwide. We wil l  make con- 
tinuous progress toward the vision of no accidents, injuries or harm to  
the environment and wi l l  publicly report our global health, safety and 
environmental performance. We wil l  lead our companies in ethical ways 
that increasingly benefit society, the economy and the environment 
while adhering t o  the following principles: 

r*\ To seek and incorporate public input regarding our products and 
operations. 

To provide chemicals that can be manufactured, transported, used 

To make health, safety, the environment and resource conservation 

and disposed of safely. 

critical considerations for al l  new and existing products and 
processes. 

protective measures for employees, the public and other key 
stakeholders. 

To work with customers, carriers, suppliers, distributors and 
contractors to  foster the safe use, transport and disposal of 
chemicals. 

To operate our facilities in a manner that protects the environment 
and the health and safety of our employees and the public. 

To support education and research on the health, safety and 
environmental effects of our products and processes. 

To work with others to  resolve problems associated with past 
handling and disposal practices. 

To lead i n  the development of responsible laws, regulations and 
standards that safeguard the community workplace and environment. 

To practice Responsible Care@ by encouraqinq and assisting others to  
adhere to  these principles and practices. 

To provide information on health or environmental risks and pursue 
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I Bromine 
Bromine, Br2, i s  the only nonmetallic element that i s  liquid a t  

ordinary temperatures and pressures. It has a dark, amber-red color and 
an intensely irritating odor. The name i s  derived from the Greek bromos, 
meaning "stench." There are two stable isotopes, 79Br, and 61Br, present 
in nearly equal proportions such that the atomic weight i s  79.904. The 
atomic number i s  35. Within rather wide limits, the liquid and vapor 

, either by liquid contact or vapor inhalation, 
ents a hazard with the potential of serious injury or death. The 
rapidly attacks skin and other tissues to  produce irritation and 

necrosis. Comparatively low concentrations of vapor are quite painful 
and are highly irritating t o  the eyes and the entire respiratory tract. 
Excessive exposure to acutely dangerous concentrations wil l result in 
serious inflammation and edema, frequently followed by pneumonia. 
Excessive exposure to  low concentrations, although not acutely danger- 
ous, wil l result in inflammatory reactions i n  the eyes and respiratory 
passages. Vapor concentrations of 500-1000 parts per million (ppm) by 
volume are dangerous to  life at exposures for 0.5 to  1 hour. The maxi- 
mum permissible exposure weighted over 8 hours i s  0.1 ppm. A t  this 
level bromine can s t i l l  be detected by i t s  odor. A concentration of 10 
ppm can hardly be tolerated for more than a few moments. 

Bromine, a powerful oxidizing agent, is capable of causing 
combustibles to  ignite on contact. It is on the SARA 302 list of 
Extremely Hazardous Substances. This chemical i s  subject t o  the 
reporting requirements of  Section 313 of Title 111 of the Superfund 
Amendments and Reauthorization Act (SARA) of 1986 and 40 CFR Part 
372. The EPA reportable quantity for a spill or release i s  500 pounds. 
The National Fire Protection Association (NFPA) rating i s  health: 3, I flammability: 0, reactivity: 0, Oxidizer. 

A 



Physical Properti : - 
r"\ 

r' 

Bromine - Br2 
Atomic Number ......................................................................... 35 

Valences ................................................................. -1,1,3,5,7 (Br,) 

Compressibility, saturated vapor @ 25'C (77'F) ......................... 0.991 

Pounds per Gallon @ 25'C (77'F) .............................................. 25.9 

Specific Gravity, 2OoC/4'C (68'F/39.2'F) ................................... 3.119 

Dielectric Constant, 10 freq., 25°C (77°F) ................................... 3.33 
Explosive Limits ......................... Non-flammable; oxidizing properties 

Molecular Weight.. .159.81 

Boiling point ....................................................... 58.78'C (137.8'F) 

............................................................. 

may ignite combustibles on contact 
Flash point.. .None 

Freezing Point ...................................................... -7.27"C (18.91'F) 
......................................................................... 

Hygroscopicity ................................... W i l l  absorb water from wet air 

Vapor Density, grams/liter (OOC, 1 atms.) .................................. 7.139 

Latent Heat of  Fusion ................................. 15.8 cal/g (28.4 BTU/LB) 

Latent Heat of Vaporization ......................... 44.9 cal/g (80.8 BTU/LB) 
Refractive Index, 20°C (68'F) ................................................. 1.6083 

Density of Liquid Bromine 

I Tempemtun, "c (T) I 

Bromine: Handling and Safety 
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SoLubiLity, approximate, g / l  uug solvem 
@ 25OC (77°F) 

Carbon Tetrachloride Infinite 

Chloroform Infinite 

Infinite Methylene Chloride 
Carbon Disulfide Infinite 

Infinite Alkyl Bromides 
Ether Infinite 

Methanol Infinite 

i 

3.65 

3.43 
20°C (68OF) 

30°C (86OF) 

54.3OC (129.7"F)* 
- 

* boiling point of bromine saturated with water at  one atmosphere 
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Thermodynamic Data 
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+25 degree8 U 77 degrees F +50 degree8 U 122 degrees F 

I 

I 



Viscosity 
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I 

I I 
Note: The physical properties listed in this section are laboratory 
results for bromine and are not necessarily Great Lakes specifications. 
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demical Reactions 
Bromine is  a very reactive element characterized by a strong oxidizin 

capability. It forms a wide range of bromine containing compound 
reaction with numerous inorganic and organic substrates. A limite 
typiral, illustration of such reactions follows. 

Inorganic Bromine Compounds 
Bromine readily oxidizes metallic and nonmetallic elements a 

3Br, + 2Fe 

6Br, + P, 
3Br, + S +4H,O F 6 . H,SC, 

Reaction of bromine with water results i n  the formation of an aqu 
solution of hydrobromic and hypobromous acids. The latter i s  relativ 
stable only i n  solution, and decomposes under the influence of heat, 
.ight or copper catalysis to  produce hydrobromic acid and oxygen. 

indicated by the following equations: 

b 4  

Br, + H, zntlr 

4 
b Br, + H,O 

Reactions of bromine and ammonia occur readily, and de 
temperature and pressure, produce nitrogen and hydrogen 
bromamines, and ammonium bromide. The ammonium bromide form 
a result of the reaction between hydrogen bromide and excess ammonia 

HBr + HOBr 

present. 

With strong alkalis at low temperature 
cts t o  produce bromide and hypobromite salts. 

ed temperatures, the hypobromite undergoes an oxidatio 
ction reaction t o  produce bromate and bromide salts. 

The balanced summation of these tw 

Some typical oxidation-reduction reactions of bromine with i 
compounds under alkaline or acidic cnnditions are illustrated i 
following reactions: 



I 
Bromine: Hamit?/ng and Safety 

Organic Bromine Compounds 
The reactions of bromine with organic compounds may occur i n  a 

1. The addition of bromine to unsaturated hydrocarbons such as 

H,C=CH, + Br2 b BrCH,CH,Br 

variety of ways. Typically, they involve: 

2. The substitution of hydrogen on the organic substrate such as: 

Reactions can be achieved under a variety of conditions: i n  liquid or 
vapor phase, and i n  the presence or absence of solvents or catalysts. 
Carbon tetrachloride, chloroform and other halogenated solvents, acetic 
acid and other lower aliphatic acids and hydrobromic acid are typically 
used as solvents. Lewis acid catalysts frequently are employed in  the 
substitution bromination of aromatics and light or peroxide catalysts i n  
the bromination of aliphatics. The choice of catalyst often dictates the 
course of a reaction. 

CH3 
Lewis Acid 

Catalyst 

Catalyst I Br 

Light or 6 + HBr 
peroxide 

Some organic bromine compounds are best prepared indirectly by the 
reaction of other functional groups with bromine derivatives. For 
example, alkyl bromides, such as methyl bromide, are best prepared by 
reaction of the corresponding alcohol with hydrogen bromide. Alkyl  
bromides can also be prepared by the reaction of HBr with olefins. 
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3. Wear leather or other non-woven ANSI approved steel-toed shoes. 
Protective rubber boots should be worn over shoes for extra protec- 
tion. Discard shoes that have been in  contact with liquid bromine. 

4. For skin contact, the affected area should be flooded immediately 
with large amounts of water from a safety shower or other source of 
flowing water. A l l  contaminated clothing, including shoes, should 
be removed as quickly as possible while the victim i s  under the 
shower. Washing should be continued for a minimum of 30 minutes. 
The victim should receive medical attention as soon as possible. 
(Extended wash times of two hours or more have proven beneficial.) 

repair all protective clothing and equipment. 
5. To insure adequate personnel protection, periodically inspect and 

6. To avoid bromine ingestion: 

a) Always wash face, hands and arms before eating. 
b) Never place bromine contaminated articles i n  the mouth. 
c) Don't siphon or blow out clogged lines or nozzles by mouth. 

7. To avoid inhalation of bromine: 

a) Stay upwind when loading, unloading and transporting 

b) Have NIOSH approved respirators and self-contained 

c) When handling bromine i n  an enclosed area wear protective 

d) Adhere to your plant regulations regarding respiratory 

bromine. 

breathing apparatus available. 

clothing and respiratory equipment. 

equipment for bromine handling. 

8. Bromine i s  so painful to  the eyes, nose and throat that it gives 
ample warning of its presence i n  acutely hazardous concentrations. 
I f  overexposure does occur, the victim should be immediately 
removed from the contaminated area to  fresh air. The victim should 
be placed in a comfortable position. Usually, that w i l l  be a sitting 
or partly reclining position. The exposed individual should avoid 
exertion. If vomiting occurs, turn the patient on his side to avoid 
choking. Keep the patient warm. If the patient does not recover 
quickly or i s  coughing and showing signs of respiratory distress, 
properly trained personnel should administer oxygen. If respiration 
has ceased, artif icial respiration should be administered. The victim 
should receive medical attention as soon as possible. 

17 n 
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Safety Practices in the Work Area 
GENERAL INSTRUCTIOWS 

1. Read and follow a l l  directions and warning labels carefully. 

2. Inform a l l  personnel of the potential hazards of contact with 
bromine and train them in  appropriate first-aid procedures. 

3. Store and handle bromine over drip pans drained by a sump that i s  
vented to a scrubber system. 

4. Bromine handling areas should be clearly marked and restricted to 
qualified, trained personnel only. 

5. Maintain uncontaminated equipment, floors and work areas. As 
routine maintenance, periodically scrub floors. 

6. Immediately contain and clean up a l l  bromine spills. 

a) Wear approved respiratory equipment and protective 
clothing. 

b) Carefully release anhydrous ammonia vapor to neutralize 
bromine vapors i n  the air. Ammonia (16 to 25% by 
volume) can form an explosive mixture with air. 

c) Pour soda ash solution or hypo solution on the liquid 
bromine to neutralize. 

d) Using cold water, wash neutralized bromine to a sump for 
disposal. 

e) Open doors and windows to ventilate. 

7. Avoid contact of bromine with strong reducing agents, strong alkalis, 
metals, wood, paper products, fabric, grease and oi l  or other 
combustible materials. 

1. Restrict bromine vapor concentration i n  the work area to less than 
0.1 ppm with adequate exhaust hoods, ventilation systems and 
scrubbers. Analyze air for proper control. 

environment. 

bromine i s  handled. 

2. Transfer or repackage bromine only i n  a controlled, closed 

3. Exhaust ventilating systems must be used i n  enclosed areas where 



2. Never put water in steel bromine cylinders except as instructed i 

3. Do not return used or recycled bromine or other Dromiie 
the cylinder decontamination procedures. 

containing liquids to Great Lakes Chemical drums or cylinders. 
This can lead to serious corrosion of the drums and cylinders an 
result in eventual failure, 

t i ,  1 

Always wear a self-contained breathing apparatus around bro 
bromine-containing compounds in a fire. 

2. Bromine does not burn, but i t  is a strong oxialzer and will lea 
violently with aluminum, titanium, mercury, sodium and potassiu 

3. Wood, paper products, fabric, petroleum products, plastics and ot  
organics may spontaneously combust in the presence of liqu 
bromine, which is a powerful oxidizer. 

D r y  bromates (products of sodium hydroxide neutralization o 
bromine) are powerful oxidants and are shock sensitive. Th 
be handled with extreme care. 
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t 
Bromine Handling for 
Laboratory Use 

I 

GENERAL INSTRUCTJONS 

A l l  personnel using bromine i n  a laboratory should be properly trained 
regarding its characteristics, PPE, equipment requirements and first aid 
procedures. Refer to  the MSDS for additional information. 

Equipment 
1. Air purifying cartridge respirator with pro C 

vapor/aGd gas cartndge(s). (Only to  be used as an evacuation aid.) 

2. Operational safety shower and eyewash. 

3. 10-25% aqueous NaOH or hypo solution for spills. 

4. Aqueous ammonium hydroxide placed in large surface area dishes to 

5. Safety glasses with side shields/chemical safety goggles. 

6. face shield. 

7. Neoprene gloves and apron, boots and gauntlet sleeve protectors. 
(Chemical resistant suits are optional for maximum protection.) 

liberate NH,. (Do not add directly to liquid bromine.) 

Storage and Tmnsport 
1. Bromine should be stored i n  a properly operating fume hood or 

well-ventilated cabinet in glass bottles with Teflon@-lined caps. 
Store i n  a cool, dry place where freezing, heat and humidity and 
moisture exposure possibilities are minimal. 

2. Secondary containment pans with high sides or rubber bottle carriers 
should be used as a precautionary measure. Second skin plastic 
coated bottles are also recommended as a safe guard. 

3. Bromine bottles should be transported in rubber bottle carriers or a 
closed container that i s  sufficiently padded to  avoid bottle breakage. 

Handling Precautions 
1. Bromine should be handled by trained individuals. Proper PPE 

should be worn a t  a l l  times when handling bromine. Bromine 
transfer and handling should be done i n  a fume hood. 

Sufficient bromine vapor scrubbing measures should be taken (Le. 
caustic scrubber or other suitable material). Do not vent bromine 
vapors directly t o  the atmosphere. 

3. Small quantities of bromine can be transferred by pouring, but larger 
volumes should be transferred using a laboratory scale pump of 
proper materials of construction. 

2. Proper fume hood operation should be checked prior to  use. 

21 I 
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e to  the dense nature of liquid bromine, lab glassware such as 
receivers (graduated cylinders or flasks) or addition funnels for 
reactors should be clamped and stabilized to  avoid breakage and 

Neutralization of bromine i s  extremely exothermic. It should be done 
slowly with sufficient external cooling capacities. Proper materials of 
construction of al l  equipment should be observed. Bromine is a strong 
oxidizer that reacts with some metals and i s  incompatible with many 

stomers and plastics. 

Assemble, i n  a fume hood, a 5 L J-neck round bottom flask supported 
at the base and the neck. Equip the flask with a sufficient cooling 
bath, mechanical stirrer and a water-cooled or air-cooled condenser 
vented to a sodium hydroxide scrubber system. Neutralization of 
bromine waste on a scale larger than that described here i s  not 

utralization with sodium bisulfite requires 3 moles of sodium 
xide: 1 mole sodium bisulfite: 1 mole bromine. 

1 mole sodium sulfite: 1 mole bromine. 

I rie welyllts and volumes specified include a Iu YO excess of sodium 
hydroxide and sodium bisulfite or sodium sulfite. This excess should be 

This neutralization procedure is  designed to  assure that the final 
waste stream has been completely neutralized with respect t o  acidity 

tion potential. It i s  also designed for safetv and operational 
concerns in a laboratory setting. 
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CHEMISTRY 

Br2+ Na$03 + 2NaOH 
Br2 + NaHSO, + 3NaOH 

2NaBr + Na$04 + H20 
b2NaBr + Na$04 + 2U20 

NEUTRALUAITON WITH BISUMTE 
(BASED ON 100 ML BRWIME) 

1. Add 2.5 L (2500 ml) of tap water to the flask. 

2. Slowly add with d i n g  and agitation, 345 m l  of 50% sodium 
hydroxide (NaOH). (Note: Adjust water charge to  achieve target 
concentration of 2.3 M NaOH if less concentrated sodium hydroxide 
solution i s  used). 

3. Add 2249 sodium bisulfite while stirring. 

4. Continue stirring until most of the solids dissolve. 

NEUIRALUAITON W ~ H  SULRTE 
(BASED ON 100 ML BROMINE) 

1. Add 2.5 L (2500 ml) of tap water to  the flask. 

2. Slowly add with coding and agbtion, 230 ml  of 50% sodium 
hydroxide (NaOH). (Note: Adjust water charge to  achieve target 
concentration of 1.6 M NaOH if less concentrated sodium hydroxide 
solution i s  used). 

3. Add 2719 sodium sulfite while stirring. 

4. Continue stirring until most of the solids dissolve. 

PROCEDURE 
~ ~~~ 

Be aware that organic or metal impurities may change normal 
:haracteristics of neutralization, i.e. color changes, foaming, etc. 

1. Slowly, with cooling, add 100 m l  of bromine using a clamped 
addition funnel or pump and graduated cylinder. The addition rate 
should be slow enough to allow for color dissipation and 
temperature control below 50'C (12279. 

2. When addition i s  complete, allow the flask to  cool to  room 
temperature. 
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3. Check the contents with starch KI paper and pH paper to make sure 
no oxidizer is present and that pH is > 7. Solution should be 
colorless. If color persists, slowly add more sodium hydroxide/ 

1 
sodium bisulfite (sulfite) solution. 

When neutralization is complete, filter off any insoluble material and 
separate any organic phases. Sodium bromide precipitate can be 
dissolved in water. The resulting solution should be 11 to 12% 
sodium bromide. This solution should be disposed of properly as a 
waste stream. 

I 
Emergency Procedi 

In case of bromine emergencies, follow recommended first aid and 
emergency response procedures and call Great Lakes Chemical 
Corporation and Chemtrec for further instructions. 

Great Lakes Emergency Response Team 

from outside North America 

1-800-949-51 67 

4-8 70-862-5 1 4 1 

CHEMTREC 1-800-424-9300 

CHEMTREC (District of Columbia only) 

Technical Service Hefp-Line 
483-761 6 

800-378-9451 

emergency situations resulting from vehicle accidents: 

Notify the local police, fire departments, emergency res 
the ca+r 

2. Isolate the area. 

3. Any person not dressed in proper protective clothing and nor using a 
NIOSH approved self-contained breathing apparatus should be kept a 
safe distance away. 

Call Chemtrec and/or Great Lakes Chemical Corporation for advice as 
to further actions. 

recommended first aid procedures. 
. Seek immediate medical assistance for those and follow 0 
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LEAKING CONTAINERS 

1. When handling a leaking bottle, drum or cylinder of bromine, 
personal protective clothing, goggles and NIOSH approved self- 
contained breathing equipment must be worn. 

2. Clear contaminated area of non-essential personnel. 

3. Maintain a slight ammonia atmosphere throughout the clean up. 
Carefully release anhydrous ammonia gas to  neutralize bromine 
vapor. The ammonia gas wil l  convert bromine to white ammonium 
bromide "smoke." Do not allow liquid bmmine and liquid ammo- 
nia to combine: a violent twct i in  will occur. Ammonia (16 to 
25% ly wlume) can form an explosive mixture with air. 

4. Pour hypo solution*, lime and water slurry or soda ash solution over 
the spill. Hypo-bromine reactions produce hydrobromic acid. &y 
sodium thiosulfite and liquid hmmine p d u c e  a violent rerrctson; 
do not mix them. 

5. Using cold water, wash neutralized bromine into a sump for transfer 
t o  an approved waste disposal facility where the waste can be 
processed. 

6. Ventilate the area to remove the ammonium bromide and any 
bromine fumes. Scrub the floors and equipment with soap and 
water. 

Immediately alert federal, state and local authorities i f  a bromine 
release leaves the plant site and exceeds 500 pounds. Call the 
National Response Center at 1-800-424-8802 and call Great Lakes 
Chemical Corporation t o  report the spi l l  a t  1-800-949-5167, 

RECOVERY AND SALVAGE 

1. Remove undamaged containers and store for inspection later. 

2. Under the advice and/or supervision of Great Lakes Chemical 
Corporation, transfer remaining bromine into other containers. I f  
the accident involves a tanker, Great Lakes Chemical Corporation 
personnel using special corrosion-resistant pumps may transfer the 
remaining bromine to  another tanker. 

CLEANING UP THE CONTAMINATED AREA 

1. Spread hypo solution*, soda ash solution or lime slurry over the 
affected area. 

2. Scrub the area well, and using cold water, wash the neutralizing 
solution to  a sump for transfer to an approved waste facility for 
processing. 

Bromine: Handling and Safety 





Bromine First Aid 

HOW m RECOGNIZE BROMINE OVEREXPOSURE 

Because bromine is highly irritating to  the eyes, nose and mucous 
membranes, overexposure is unlikely to  occur. However, i f overexposure 
occurs, symptoms include: excessive tearing, redness and irritation of 
the eyes, throat, and nose, severe skin burns and, with prolonged, 
unprotected exposure, respiratory damage and respiratory arrest. 

FIRST AID FOR BROMINE EXPOSURE 

1. Immediate medical assistance i s  required if bromine is swallowed, 

2. I f  bromine has been ingested, do not give anything by mouth. Seek 

inhaled or has contacted the eyes or skin. 

medical attention immediately. Do not induce vomiting. 

3. I f  bromine has been inhaled, move the exposed person to  a well- 
ventilated area. Seek medical attention immediately. The victim 
should be placed i n  a comfortable sitting or partly reclining posi- 
tion. The exposed individual should avoid exertion. I f  vomiting 
occurs, turn the patient on his side to  avoid choking. Keep the 
patient warm. I f  the patient i s  coughing and showing signs of 
respiratory distress, properly trained personnel should administer 

P 

- oxygen. 

4. For skin contact, the affected area must be flooded immediately 
with large amounts of clean water from a safety shower or other 
appropriate source of flowing water. Seek medical attention imme- 
diately. A l l  contaminated clothing, including shoes, should be 
removed as quickly as possible while the victim is under the shower. 
Washing should be continued for a minimum of 30 minutes. I f  
possible, continue to  wash the affected area during transport to  
medical facilities. (Extended wash times of two hours or more have 
proven beneficial.) 

5. I f  bromine liquid or vapor contacts the eyes, they must be irrigated 
immediately with large amounts of running water. Eye wash stations 
are preferable for irrigation. I f  one i s  not available, a hose, drinking 
fountain, or water source with a liberal, gentle flow may be utilized. 
The eyelids must be held apart during irrigation to  ensure contact of 
water with all accessible tissues of the eyes and lids. Eyes should 
be washed continuously for a minimum of 30 minutes. I f  possible, 
continue flushing the eyes while transporting the employee to  a 
physician . 

I n  a l l  cases of bromine injury, obtain immediate medical attention. 
Provide emergency personnel with information about al l  materials used 
by the person and provide appropriate information about bromine and 
f i rs t  aid procedures. 

Bromine: Handling and Safe@ 
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Bromine i s  a very strong oxidant. It i s  extremely toxic and may prove 
fatal i f inhaled or swallowed. Severe burns may result from skin con- I 
tact, and contact with the eyes may cause blindness. Bromine is 
extremely destructive t o  tissue of the mucous membranes and upper 
respiratory tract. Bromine exposure may result i n  spasm, inflammation 
and edema of the larynx and bronchi, chemical pneumonitis and pulmo- 
nary edema. Low concentrations of bromine vapor cause irritation, 
tearing and inflammation of the eyes. At higher concentrations ble- 
pharospasm and photophobia develop and a splash in the eyes causes 
severe burns and/or blindness 
slow to  heal. 

o f t  tissue burns may be deep and very 

Engineerilly MaLzrials 
Recommendations 

Great Lakes Chemical Corporation's Dromine i s  shipped with water 
content of  less than 30 parts per million. However, bromine i s  hygro- 
scopic and i f  improperly handled, water content can quickly increase to  

30 parts per million. As the water content increases, so does the 
corrosive potential of bromine. Therefore, the storage of bromine under 
dry nitrogen or dry air (dewpoint less than -4O'C/ -4O'F) i s  necessary. 
Bromine with water content of less than 30 parts per million i s  non- 
corrosive to  many non-ferrous metals including lead, nickel, tantalum, 
Hasteboy@ B, Hastelloy@ C, and Monel@. Bromine is extremely reactive 
with titanium and aluminum, and contact with these metals must be 
avoided. Glass lined steel and ceramic materials (excluding carbon and 
graphite) are resistant t o  bromine. Do not use ordinary polymeric resins 
with bromine. However, fluoro-polymers such as Kynar@, Hatar@', 
Kalrez* and Teflon@ are acceptable. 

0 

LEAD 

Lead and lead-lined steel are commonly used, versatile materials for 
in-process equipment and storage containers for dry bromine. A protec- 
tive layer of lead bromide (which can be washed away by inorganic 
acids) forms on the interior of the vessel, making it suitable for use 
with bromine of up to  75 parts per million water, a t  room temperature. 
If bromine contains less than 30 parts per million water, it may be 
handled in lead equipment t o  58.8OC (137.8OF). 

Lead-lined steel vessels used for bromine storage must be constructeo 
and/or modified by certified personnel i n  accordance with ASTM 
standards. Solid Teflon@' or Teflon@-envelope flange connection gaskets 
must be used- 



Nickel and Nickel Alloys 
Nickel, Monel*, Hastelloy@ B and Hastelloy@ C containers are 

appropriate on& for storage and handling of bromine with less than 30 
parts per million water at room temperature. Nickel may be used with 
dry (less than 30 ppm water) bromine up to  400°C (752°F). 

Tantalum 
Tantalum equipment can be used for bromine, wet or dry, i n  

temperatures of up to  149°C (300°F). However, in the presence of some 
organic materials, bromine w i l l  corrode tantalum. 

Steel and Stainless Steel 
Bromine and its vapors are severely corrosive t o  steel and stainless 

steel making them unacceptable for use in bromine process systems. 

Glass and Ceramics 
Although inherently fragile, tempered glass, porcelain, fused silica, 

chemical stoneware and acid brick are acceptable materials for use with 
both wet and dry bromine a t  various temperatures. 

Glass- Lined Steel 
Due to  i ts excellent chemical resistance and physical strength, glass- 

lined steel makes a versatile construction material for use with bromine. 

Glass-lined steel equipment must withstand a 20,000 volt spark test 
and can be used at  temperatures up to  138°C (280OF). 

Plastics 
Fluorinated plastics such as Teflon@, Kalrez@, Halar@ and Kynar@ are 

resistant t o  bromine and are used in valves, piping, gaskets and linings. 
Gaskets sheathed i n  Teflon@ and steel or FRP lined with Kynar@, Halar@ 
or Teflon@ are acceptable for use in bromine distillation columns, other 
process equipment and scrubbers. Plastics other than those 
mentioned here are not acceptable for use with bromine. 

Lubdcants 
Lubricants are not recommended. Use non-lubricated valves lined or 

sleeved with Teflon@. 

*Kynar and Halar are registered trademarks of the Eff Atochern Corporation. 
'Kalrez is a registered trademark of Dupont Dow Elastomen. 
*Teflon is a registered trademark of the Dupont Company 
*Monel is a registered tradernark of the Inco Corporation. 
*Hastelloy is a registered trademark of Haynes International. 
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I. 

Storage Method Recommendations 
In the laboratory: Bromine for taDoratory or piior plant use i s  usually 

purchased i n  glass bottles. Pour or pump bromine into small glass, 
rnr3m;p qr lead feed vessels with Teflon@ stopcocks. 

For use in bulk: Store drum, tank truck or carload quantities of 
bromine i n  lead or lead-lined steel tanks, which feed t o  the process or 
reaction, For larger storage vessels where bottom outlets cannot be 
used, pump bromine out of the tank with nickel, KynaF or Teflon@ 
pumps. Contact Great Lakes Chemical Corporation for specific 
recommendations. 

moisture from the air. When exposed to  air having a normal summer 
dew point of 510°C (4O-5O0F), bromine wil l  equilibrate at  about 70-80 
parts per million water. Bromine this wet can cause severe corrosion of 
many metals, Keep a slight positive pressure (0.1 inch of H,O) on the 
storage tanks by purging with dry (-40°C/ -40°F dew point) air or 
nitrogen into the tank. 

Protect storage tanks from moisture or humid air. Bromine wi l l  absorb 

For bulk storage of bromini ither a glass-lined steel or lead-lined 
steel storage tank, properly designed for bromine's weight i s  acceptable. 
I n  active seismic areas, glass-lined steel tanks are not advised. Stored 
bromine must be protected from temperatures below -7OC (20°F) t o  
prevent freezing. Storage tanks should be located i n  concrete paved 
and diked areas so that any le& pr soi l l  can be contained. 

GLASS B O ~ L E S  

Great Lakes Chemical Corporation supplies bromine in 13 pound (net 
weight) glass bottles. These bottles are sealed with a tamper-evident, 
fiber-lined, Teflon@-faced, plastic screw cap. Packed four t o  a case, 
these bottles of bromine are placed in a compartmentalized expanded 
polystyrene inner carton. The printed outer carton consists of  two 
individual corrugated cardboard boxes separated by a plastic bag. When 
removing bromine from glass bottles, pour or pump into small glass, 
ceramic or lead feed vessels with Teflon@ stopcocks. 

Storage 
Store bottles, in rneir cartons, i n  a cool, dry mation, dw~ry 

direct sunlight and protected from the weather. Storage temp 
must not fall below -7OC (2OoF), the freezina ooint of bromine. 

DRUMS 

The 14 gauge Monel@ drum used by Great Lakes Chemical Corpora 
has a ten-gallon capacity and holds 225 pounds of liquid bromine. 



two openings i n  the drum, 2 inches and 3/4 inch, close with continuous 
thread, Teflon@ gasket plugs. The Larger opening has 2 inch NPS 8 TPI 
threads. The 3/4" opening has 3/4 inch NPS 14 TPI threads. The foot 
rings on these drums have drain holes but it i s  important that they be 
protected from moisture. The 2-inch plug is tightened to  40 ft pounds 
of torque and the 3/4 inch plug i s  tightened to  20 f t  pounds of torque 
when shipped. 

' 

I 

Storage 
Store drums, empty or full, upright and inside, i n  a cool (above -7oC/ 

20°F), dry, place. Exposing drums to  heat w i l l  cause dangerous pressure 
to  develop. Severe corrosion occurs if the drums are exposed to mois- 
ture. Do not expose to rough handling. Never return bromine to 
these drums, due to the potential for contamination and corrosion. 
When stored over extended periods, periodically inspect drums, bungs 
and gaskets. I '  
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Bromine Drum Unloading Pump Method 
n 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 
11. 

1/2" KynaP Vent from Outside 
Building Wall 
1/2" KynaP or MoneP Line 
Dryer - 2" x 12" Pyrex@ with DrieriteB or Silca-Gel Packing 
3/4" MoneP Bushing 
Scale 
Dip Tube - 1/2" KynarQ or MoneP P i  
bottom (Bevel End) 
2" x 1/2" Bushing 
1/2" KynaP Ball Valve 
Positive Displacement Pump 
1/2" KynaP or MoneP Piping to Bromine User 

I 
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Unloading - Pump Method Recommendations 
, Personal protective equipment i s  required. 

, Have anhydrous ammonia cylinder or aqueous ammonia for vap 
Cqda ash or hypo to  neutralize spills and plenty of water on hand. 

3. before handling, check for damage or leakage. Set aside any dam- 

4. Tighten any loose plugs. 

ar-" drums for special handling. 

5. Use proper lifting equipment to  move unopened drums. 

6. I f  drums are warm to  the touch, do not open. Allow them t o  cool t o  
ambient temperature. 

J .  Equip an ammonia cylinder with a flexible hose. Should a leak occur, 
carefully open the valve, releasing ammonia that wi l l  neutralize the 
bromine vapors. This must be cautiously done; ammonia can form 
an explosive mixture with air and is an inhalation hazard. 

ux ihe pump method unloading system schematic as a guide. 

, Use a pipe or plug wrench with a long handle to  remove the drum 
plug. Have a scrubber system with adequate suction available to  
contain escaping vapors. Carefully, turn the two-inch plug no more 
than one full turn, allowing any internal pressure to  equilibrate with 
atmospheric pressure. Then loosen the plug completely. 

1 

U. 

11. 

12. 

13. 

4. 

5. 

I f  bromine spills onto the drum, neutralize and clean the spill 
properly utilizing proper personal protective equipment. 

Install a dip-pipe assembly i n  the drum and connect it to  a 
bromine-resistant positive displacement pump. 

To inhibit corrosion, pad the drum with dry (-4OoC/ -40°F dew 
point) air or nitrogen not exceeding a pressure of 4 psig through 
the 3/4" opening. 

Starting the pump, draw brqmine from the drum, through the dip 
tube and pump, into the desired process. 

When the bromine drum is empty or product removal is completed, 
disconnect the dip pipe assembly from the pump and remove it 
From the drum. 

Re-seal the empty or partially filled drum. Check to  see that al l  
gaskets are in place. Replace the plugs, making sure that threads 
are straight, and tighten the plugs securely. 

If the drum i s  empty, label the drum "Empty" and contact Great 
Lakes Chemical Customer Service to  return it to  Great Lakes 
Chemical Corporation. 

to not return used or recycled bromine or other bromine containing 
liquids to Great Lakes Chemical drums or cylinders. This can lead to 
serious corrosion of the  drums and cylinders and result in eventual 
ailure. 



Bromine Drum Unloading Pressure Method 1 

~~- 
Bromil I ~ .  Handlinb a d  Safety 

Unloading Pressure Mernod 

1. Building Wall 
2. Dry Air (-4O'C/ -4O'F dew point) or nitrogen not to  exceed 4 PSIG 
3. 1/2" KynaP Pipe Vent to Atmosphere 
4. 1/2" Ball Valve 
5. Dryer 2" x 6" Pyrex@ with Drieritem or Silica-Gel Packing 
6. Pressure Relief Valve 
7. 3/4" Monel@ bushing 
8. Scale 
9. Dip Tube - 1/2" KynaP or Monel@ Pipe-Hola Approximarely i/4" 

off Bottom. (Bevel End) 
10. 2" x 1/2" Monel@ Bushing 
11. 1/2" Union 
12. 1/2" Ball Valve 

UNLOADING - PRESSURE METHOD R 

1. Personal protective equipment i s  required. 

2. Have anhydrous ammonia cylinders or aqueous ammonia, soda ash 
or hypo for neutralizing spills and plenty of water on hand. 

3. Before handling, check for damage or leakage. Set aside any 
damaged drums for special handling. 

4. Tighten any loose plugs. 

5. Use proper lifting equipment to  move unopened drums. 

6. If drums are warm to  the touch, do not open. Allow them to  cool 
to ambient temperature. 
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Equip an ammonia cylinder with a flexible should a 
bromine vapor leak occur. Bromine vapors zed by 
ammonia gas. This must be cautiously done; ammonia can form 
an explosive mixture with air and is an inhalation hazard. 

Use the pressure method unloading system schematic as a guide. 

Use a pipe or plug wrench with a long handle to  remove the two- 
inch drum plug. Use an adequate scrubber system to contain the 
escaping vapors. Carefully, turn the plug no more that one ful l  
turn, allowing any internal pressure to  reach ambient pressure. 
Then loosen the plug completely. 

I 10. I f  bromine spills onto the drum, neutralize and clean the spill 
properly utilizing proper personal protective equipment. 

feeding the process. 

a pressure not exceeding 4 psig through the 3/4" opening. 
Bromine wi l l  be pushed through the dip tube into the desired 

I 

, 

, 

11. Install a dip tube assembly i n  

2. Pad the drum with dry (-40°C/ 

d connect it to  the pipe 

oint) air or nitrogen to 

ine drum i s  empty or product removal i s  completed, 
disconnect the dip pipe the process feed pipe and 
remove it from the drum 

6. Reseal the empty or pa m. Check to  see that a 
gaskets are i n  place. Replace the plugs, making sure that the 
threads are straight, and tighten the plugs securely. 

empty, label the drum "Emoty" and return the drum to Great 

return used or recycled bromine or other bromine 
ing liquids to Great Lakes Chemical drums or cylinders. 

akes Chemical Corporation. 

This can lead to serious corrosion of the drums and cylinders 
and result in eventual fai 

'VU ERS 

Great Lakes Chemical Corporation offers bromine in  non-returnable 
120-gallon steel cylinders. An empty cylinder weighs approximately 315 
pounds and will hold 2,800 pounds of bromine. It i s  made to be used 

I upright and has top-lifting lugs. Handle this container with a standard 
4,000-pound rated capacity fork truck. 

Our cylinder i s  economical for those customers who have no demand 

soluble iron as c 



Great Lakes Chemical Corporation can assist with the design of cylinder 
delivery systems that meet the needs of individual customer plant 
locations.- Contact a Great Lakes' Sales Representative with inquiries. 

STORAGE 

Store bromine cylinders, full or empty, upright and indoors, i n  a cool, 
dry location. Place out of direct sun to avoid overheating, which causes 
internal pressure to build. Protect cylinders from humidity and other 
forms of moisture. Never store where temperature falls below -7°C (20°F), 
bromine's freezing point. 

Empty bromine from non-returnable steel cylinders within six 
months from filling date to avoid container corrosion. GLCC 
does not recommend long term storage in the steel cylinders. 

I 
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5romine Cylinder Unloading 

Bromine Cylinder Unloading 

7- 

9 

I 
I 
I 
I 
I 

-24"- 

1. 120-Gallon Bromine Cylinder 
2. Nitrogen Cylinder 
3. Pressure Regulator 
4. Relief Valve 
5. Teflon@ Check Valve 
6. Flex Hose 
7. Bromine Cylinder 
8. Kynar@ Union 
9. Bromine to Storage or Use 

T 
1 
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N-RETURNABLE STEEL CYLINDERS 

Carefully move the unopened cylinder to  the area i n  which it w i l l  b 
used, with a fork truck of adequate lifting capacity. See figure for 
typical unloading set-up. 

immediate area around the cvlinder onening to  a scrubber system. 
2. To control vapors, work i n  a well-ventilated area and vent the 

3. Wear personal protective equipment. 

4. If the cylinder i s  warm to the touch, allow it to  cool to  ambient 

5. Use a socket wrench with a long handle to  remove the cylinder's 

I 

temperature to  dissipate any pressure build-up. 

standard 2 inch plug, venting any pressure into the scrubber syste 

Replace the plug with a MoneP dip pipe assembly. 

Place the cylinder on a scale to  facilitate unloading control. 

. Use a flexible standard air-type hose to  pressurize the conta 
with dry air (-4O'C/ -4O'F dew point) or nitrogen. Do not exceed 
30 psig. 

c ' 
9. Properly dispose of the non-returnable cylinder when empty. 

s 

Note: Liauid bromine and i t s  vapors are very active oxidizers. . L 

Liquid Dromine react violently with many substances, including 
aluminum, titanium, mercury, potassium, wood and paper products, and 
mav cause them to spontaneously combust. Alkali neutralization of 
brimine produces bromates, which when dry, are shock sensitive and 
may catch fire or explode. 

&. Wear personal protective equipment. 

2. Open cylinder bung carefully. 

ump or pressurize out any 
ompletely empty the cylin 

ine remaining, taking care to  



~ 
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ently heat the outside of the cylinder with hot water approxi- 
tely 74OC (165°F) to  vaporize any residual bromine. Vapors must 
vented to  a scrubber. 

Only after careful inspection and certainty that the cylinder i s  
completely empty, fill the cylinder with fresh hypo solution*. 

Allow the cylinder to stand for four to  six hours, then remove 
solution from the cylinder. 

Using clean water, fill the cylinder, empty, rinse and drain. 

Dispose of spent hypo solution* and rinse water properly. 

6. 

I 

8. 

9. Prior to  disposal, crush or destroy the cylinder to prevent 
unauthorized reuse. 

10. Discard the bung and dispose of the decontaminated cylinder i n  
accordance with federal, state and local regulations. 

* Hypo solution: Dissolve 57 pounds of sodium thiosulfite and I pound of soda 
ash in 85 gallons of water. 

TANK TRUCKS 

reat Lakes Chemical Corporation supplies bromine i n  bulk i n  lead- 
lined double barrel tank trailers with a length of -32 feet and clearance 
not to  exceed 10' 10". Each tank has a capacity of -600 gallons giving 
the trailer an approximate total net weight of 30,000 pounds. Bromine 
i s  also available i n  nickel-lined 1,800-gallon (44,000 to 45,000 pound 
net weight) tank trailers with lengths of 33' 3" to  40' 7" and clearances 
not to  exceed 9' 2". These trailers are designated as MC310, MC312 and 
MC412 as detailed i n  DOT requirements 49CFR. 

Adequate storage facilities are necessary for prompt return of these 
special trucks. For those designing new or revising existing bromine 
handling and storage facilities, Great Lakes Chemical Corporation can 
provide design assistance and guidance. 

I 
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I Tank Truck lJn1oadir.l 

I 

I Tank Truck Unloading I 

II 

iloDe All Lines for I I 

1. 2 Nickel valves in Dome (Vapor (Green) and Liquid (Red)) Plus Relief Valvr 
2. Teflon@ lined Flexible Hose 
3. Pressure Reducer Valve 
4. Steel Pipi 
5. KynaP, Teflon@ or Appropriate Lined Pipe 
6. Vent to Scrubber 
7. Dry Purge Air (-4OoC/ -4OOF Dew Point) or Nitrogen 
8. Bromine t o  Process 
9. Lead or Glass-Lined Steel Storage vessel 
10. Concrete Safety Sump 
11. Pressure Relief Valve for Nitrogen or Dry Air System 

Unloading for Tank Trucks 
The schematic shows a typical tank truck's unloading set-up. Great 

Lakes Chemical Corporation drivers, i f requested, w i l l  assist in unloading 
of the bromine. We recommend Resistoflex@ Teflon@ lined rubber hoses 
Dr the unloading of the truck! 

: al l  times while unloading a 

Position trailer under unloading racks so 



11. 

12. 

Remove the blind flange from the vapor valve (green) and connect 
the Teflon@ gasketed vapor line. Tighten flange securely. Slowly 
release any pressure into the scrubber system by slowly opening 
the green vapor valve, then close it. 

Make sure the dip-pipe liquid valve (red) i s  closed. 

Remove the blind flange from the red liquid valve and attach the 
liquid unloading line using Teflon@ gaskets and four bolts. 

Open the red liquid valve slowly, checking the connection for leaks. 

Pressurize the trailer with dry air (-4O'C/ 40'F dew point) or 
nitrogen through the green vapor valve with the minimum pressure 
necessary to remove the bromine. Pressure should not exceed 
40 pig. 

Open the green vapor valve slowly, checking the connection for 
leaks. If leaks are detected, first close the vapor valve, then the 
liquid valve. Check the gasket alignment and tighten al l  flange 
bolts. Repeat leakage check. 

After approximately an hour of unloading, the liquid hose wi l l  
begin to surge indicating the trailer i s  nearly empty. Close the 
trailefs green vapor valve and allow the liquid line t o  surge for five 
to seven minutes to  empty the line, then vent to the scrubber 
system and cut off the nitrogen/air supply. 

Close the red liquid valve and disconnect the vapor line, then 
disconnect the liquid line. Caution: Be extremely careful dis- 
connecting the liquid line: there may be some bromine left in 
the hose. 

Replace the gaskets and blind flanges on both trailer valves 
unloading hose. Replace a l l  bolts and fasten securely. 

I f  any bromine has spilled on the trailer or valves during the 
operation, wash thoroughly with water. 

Bromine: Handling and Safety 
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I Tan1 r Grdoading 

Slope All Lines for 
Liquid Drain&& 

1. 2 NicKel valves in  uome (Vapor (Green) and Liquid (Red)) Plus Relief Valve 
2. Teflon@-lined Flexible Hose 
3. Pressure Reducer Valve 
4. Steel Pipe 
5. Teflon@, KynaP, or A , ,  . 
6. Vent to Scrubber 
7. Dry Purge Air (-40°C/ -40°C Dew Point) or Nitrogen 
8. Bromine to Process 
9. Lead or Glass-Lined Steel Storage Vessel 
10. Concrete Safety Sump 
11. Pressure Relief Valve for Nitrogen or Dry Air Systei 

40 I 
Great Lakes Chemical Corporation supplies bulk bromine in 2,400 

aallon (56,000 pound) or 4,400 gallon (110,000 pound) lead-lined tank 
u s ,  which are designated 105A300W under DOT requirements 1731.252 
I) (4 ) .  The length of the smaller rail car i s  29' with a clearance of 11'. 
ne larger car has an overall length of 37' 9 1/2", and clearance of 
2' 2" 



L, 
Adequate storage facilities are necessary for prompt return of these 

special rail tankers. For those designing new or revising existing 
bromine handling and storage facilities, Great Lakes Chemical 
Corporation can provide design assistance and guidance. We recommend 
the use of Resistoflex@ Teflon@-lined rubber hoses in the unloading 
procedure. 

Unloading of Tank Cars 
1. Wear personal protective equipment at all times while unloading a 

tank car. 

2. Have an ample supply of dry air (-4OoC/ -40°F dew point) or 
nitrogen. 

3. Position the car under unloading rack so that unloading hoses are 
not under undue stress. 

4. Set hand brake and position safety chocks under the wheels. 

5. Remove the blind flange from the vapor valve (green) and connect 
the Teflon@ gasketed vapor line. Tighten flange securely. Slowly 
release any pressure into the scrubber system by slowly opening 
the green vapor valve, then close it. 

Remove the blind flange from the liquid valve (red) and connect 
the Teflon" gasketed liquid unloading line. Tighten flange se- 
curely. 

Open the red liquid valve slowly, checking the connection for leaks. 

Apply nitrogen/air to the green vapor line, not exceeding the 
design pressure of the scrubbing system and never more than 75 
psig. Bromine w i l l  begin to flow. Note: I f  the air temperature i s  
below -7°C (20°F), bromine may freeze. I f  so, circulate warm water 
not more than 37.8OC (100OF) or low-pressure steam through the 
cafs  heating coils. 

Check all connections for leaks. If a leak i s  discovered, close both 
the vapor and liquid valves. Check the gasket alignment and 
tighten al l  the bolts. Re-open valves and repeat leakage check. 

empty. Close the green vapor valve and le t  the hose surge for five 
to  ten minutes t o  blow the remaining bromine out of the line, then 
close the red liquid valve. 

extremely careful disconnecting the liquid line: there may be 
some bromine left in the hose. Replace the gaskets and valve 
flanges and tighten securely. 

6. 

7. 

8. 

9. 

10. The liquid hose w i l l  begin to surge when the tank car i s  nearly 

11. Disconnect the vapor line, then the liquid line. Caution: Be 

12. Thoroughly wash any spilled bromine off the car with water. 

13. Close the dome lid and fasten with the locking mechanism. 

14. Disconnect the warm water supply, i f used. Blow water out of the 

15. Return the car to Great Lakes Chemical Corporation. 

coils with air and/or run antifreeze through them. 

Bromine: Handling and Safety 
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Design Recommendations 
Before shipping bromine to a customer, Great Lakes Lnemicai can neip 

review the storage and handling facilities involved. This can include 
review of drawings of the facilities, review of training, operating, and 
maintenance procedures and may include a site inspection. Great Lakes 
has demonstrated safe production, transport, and handling of bromine 
throughout the history of the corporation. We are committed to 
providing training and our expertise to  our customers for the safe use 
of bromine. 
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Bromine is highly reactive due to its strong oxidizing 
power. Anhydrous bromine reacts vigorously with certain 
metals, such as potassium, aluminum and titanium, and 
less readily with sodium, zinc and iron. Reactions of bro- 
mine with water form the basis for many of its inorganic 
chemical reactions and some organic reactions. Organic 
compounds are brominated by addition at unsaturated 
points of the molecule or by substitution with release of 
hydrogen bromide. Selected inorganic and organic chem- 
istry of bromine is covered in the following paragraphs. 

lnorga !actions 

Bromine is slightly soluble in water and will react with 
water according to the equation: 

H2O $ HBr + HOBr 

Bromine, iike chlorine, is a bleaching agent due to 
formation of hypobromous acid (HOBr). 

Reactions of bromine with strong caustic solution forms 
sodium bromide and hypobromite. At temperatures 
above OOC, the hypobromite disproportionates, 
forming bromate. 

BQ + 2NaOH + NaBr + NaOBr + H2O 
3NaOBr + NaBrO3 + 2NaBr 

( 

Anhydrous hydrogen bromide is prepared by burning a 
jet of bromine in a hydrogen atmosphere. The anhydrous 
hydrogen bromide can be used as is or absorbed in 
water to yield aqueous hydrogen bromide solutions 
(hydrobromic acid). . .  

The action of h m i n e  on iron at elevated temperature 
can yield anhydrous ferric bromide. In the presence of 
water; the reaction is accelerated and both ferric (FeBr3) 
and ferrous (FeBQ) bromide are formed. Preparation o 
anhydrous aluminum bromide is carried out by the 
vigorous exothermic reaction of bromine with aluminu 
metal. Reactions of anhydrous bromine with lead and 
nickel are inhibited by the formation of metal bromide 
coatings. Thus, these metals can be used as materials of 
construction in bromine handling systems (only for 
bron with less than 30 ppm water and organics) 

Aqueous solutions of various metal bromides can b 
made by reaction of bromine with a metal hydroxide. 
utilizing a reducing agent to convert coformed bromate 
to bromide. The net equation for a patented process 
(U. S. Patent #5,230,879, July 27, 1993) developed by 
Albemarle is: 

CH3OH + 3Bn + 6NaOH + 6NaBr + 5H20 + C02 

With other halogens, bromine forms interhalogen com- 
pounds. For example, with chlorine, bromine chloride is 
formed in equilibrium with the two halogen 

Bromine acts as an oxidizing agent in many aqueous 
inorganic reactions such as the following 

BQ+ 2KI + 2KBr + 12 
2Bn + N2H4 + 4NaOH + 4NaBr + 4H20 + N2 

Reactions of bromine with ammonia, depending on 
conditions, can yield several different products, including 
ammonium bromide (NH&), bromamide (NH2Br) or 
bromimide (NHBr2 ). The latter two compounds aE 
extremely unstable and tend to decompose violentb 
even at low temperature. 

Organic Reactions 

Bromine reacts with hydrocarbons generally by either 
addition or substitution. These reactions can occur by 
radical or ionic mechanisms, depending on conditions or 
catalysis type applied. Examples of addition reactions are 
formation of ethylene dibromide and I, I ,2,2-tetrabrwno- 
ethane ("acetylene tetrabromide") from bromine plus 
ethylene and acetylene, respectively. 

Brz + CH2=CH2 + CH2BrCH2Br 
282 + CH E CH + CHBQCHBQ 

Substitution reactions of bromine with aliphatic or 
aromatic hydrocarbons form the organic bromide along 
with hydrogen bromide. 



Alkyl monobromides are more efficiently made by 
reaction of hydrogen bromide with an alcohol, or by 
reactions of alcohols with bromine and sulfur dioxide 
or with phosphorus bromides. The preparation of aryl 
bromides often quires a Lewis acid catalyst such as 
FeCI3 or AICl3. 

Bromine process buildings, including the unloading 
building, should be well-ventilated with a positive draft 
fresh air system. Process storage vessels and lines should 
be protected against temperatures below 19°F (-7.2"C) 
to prevent freezing. 

R& + HN(CH& + RN(CH3)pHBr 
RN(CH3)2*H& + Otf + RN(CH3)2 + H D  + l3r 

Handling procedures and spiiilleak training. Bromine 
should be handled only when assistance is available if 
needed and an emergency showerleye wash is accessible. 
Use personal protective equipment. Avoid inhalation of 
bromine vapors (easily detected visually or by odor). 

Equipmant inspaccion. Report all equipment needing 
repair to supervision. List materiak of consbuction that 
are recommended or should be avoided. 

Fim aid and medial training. Recognition and repot%ng 
signs of illness. 

Toxicitv 

Bromine is injurious by contact with the liquid and by 
inhalation of the vapor: It is a very active oxidizing agent 
in the liquid or vapor state. Bromine rapidly attacks the 
skin and respiratory tract, resutting in irritation or painful 
bums. Tearing from the eyes can be caused by exposure 
to only I ppm. Levels in excess of 10 ppm will cause 
respiratory irritation, which will not be tolerated. High 
concentrations of bromine vapor can cause destructive 
bums to the skin and eyes. The odor (0.05 pprn odor 
threshold) and painful effects of bromine vapors warn of 
the presence of dangerous concentrations. The maximum 
time-weighted average concentration (lWA) of bromine 
considered safe by the American Conference of 
Governmental Industrial Hygienists for repeated eight- 
hour exposum is one-tenth (0. I) ppm. The OSHA 
W A  FkmiSMe Exposure Limit (PEL) is 0. I ppm. 
The 15-minute Short Term hposure Limit is 0.3 ppm. 
Concentrations of 10 pprn and higher are immediately 
dangerous to life and health (NIOSH IDLH). 



First Aid Procedures 

If bromine is spilled or splashed on the skin, the affected 
area should be flushed immediately with large amounts 
2 f  water using a safety shower or flowing fresh water 
jource. Wash for a minimum of 15 minutes. Longer wash 
times, up to a few hours, have proven beneficial by 
extracting bromine and acids from the skin. Con 
ed clothing and shoes should be removed imme 
The contam-inated clothing, including shoes, belts and 
3ther leather goods, should be placed in a plastic bag 

discarded to avoid contamination of others. Neu- 
tralizing agents should not be used on skin to avoid 
possible burns. 

If eyes are contacted by bromine, begin immediate eye 
imgation with cool water for at least 15 minutes with 
the eyelids held open by gently 
the fingers. 

If bromine is inhaled, remove yo 
from the contaminated area. If person’s breathing has 
stopped, start artificial respiration. Give oxygen if 
needed. Be sure p 
in a rescue situation 

Seek medical attention in all cases of bromine exposure. 
A brownish discoloration of the skin may lead to  the 
development of deep-seated ulcers. Contact with the 
eyes may result in severe and painful bums. Bromine 
inhalation may have delayed effects causing severe 
puimonary edema Prolonged exposure may result in 
excessive body absorption producing serious health 
consequences (dizziness, headache, abdominal pain, 
diarrhea and respiratory failure). 

Protective Clothing 

Proper protective clothing should be worn by employees 
handling bromine. Everyone assigned to unloading bro- 
mine (or other bromine handling procedures) should be 
equipped with goggles, respiratory protection, rain suit 
(pants and coat), hard hat, neoprene or nitrile rubber 
gloves and rubber boots. All protective clothing exposed 
to bromine should be washed thoroughly with water 
before reuse. Leather shoes should be discarded after 
any contact with liquid bromine. Rubber boots should I 

lbemarle uses neoprene-on-nylon rain suits and nitri 
butyl rubber gloves and boots. This equipment needs 
be changed upon any sign of stiffness or deterioration. 
We do not recommend the use of polyvinyl chloride 
(PVC) nor polyethylene (PE). 

Safety showers and eye wash stations shoula De strare- 
gically located in areas where bromine is used or stored 
The location should be close enough for immediate use 
but at a distance that would not result in further danger: 
Refer to ANSI Standards for suggested location distances. 

Respiratory Equipment 

When there is a potential for exposure ts bromine 
vapors, a NIOSH or EN 141/143 (EEC) approved full 
facepiece respirator with acid gas cartridges or canister 
should be worn. Note that this approval is for escape 
only and, in the event of a leak or spill, it should be usec 
for escape only An air-supplied respirator can be worn 

not be used to walk in liquid bromine. in known concentrations up to IO ppm. For emergencies 
spills, concentrations greater than IO ppm, or unknown 
concentrations, a self-contained breathing apparatus 
(SCBA) must be worn. Workers should be trained on 
the use of respirators and emergency procedures. 



Vapor Detection Equipment 

Bromine vapor in ptant air can be monitored by using an AspttIthatiscontainedinadikedanaonbeW 
eledrochemical sensor that sounds an alarm when a toawestesmpor rystemwrittradwseer 

sensor is recommended to detect bromine. 
certain level is reached. A Dt5ger Polytron'" Chlorine wnlps-irkvcqrs 

Detector tubes are useful for determining the level of 
respiratory protection required. These tubes contain 
ortho-toluidine, which produces a yellow-orange stain 
when reacted with bromine. The useful concentration 
range is 0.2 to 30 ppm. Ddger or equivalent tubes and 
sample pumps have been used successfully and are 
available through a safety supply company. 

~ d b r w n i n e M p o r i n t h e a b n o $ l h e n  . .  

Leaks and spills 

ne1 responding to spills or leaks, or rescuing 
-led persons, should wear protective equipment and 
woe a self-contained breathing apparatus. Leaks or spills 

A 

d n g  in me mbontory 
m 

Bromine should be handled with extreme caution. 
Bromine should only be used in a well-ventilated hood. 
When handling bromine, protective clothing should be 
worn: minimum safety glassedgoggles, neoprene or 
rubber gloves, lab coat For additional protection, a neu  
prene rain suit, rubber boots, face shield or respirator 
may be worn. Bromine should only be handled by well- 
trained personnel. Bromine samples should be stored in 
dry, W-wakd, mw-mouthed botttes with 
d o n  caps that have a Teflon'" l i .  Handle brwnirn 
in a plastic-type tray to contain spills or dnps. Be sure 
that water and neutralizing agents are available to handle 
a spill. 



Bromine IS classified as a Class 8 (Corrosive) material, 
UN 1744. Bromine also meets the criteria as a Poison 
Inhalation Hazard (PIH). Bulk containers must be plac- 
arded with both the Corrosive (with Hazard Class) and 
Poison (without Hazard Uass) subsidiary placards. An 
instruction card for bromine is given to truck drivers 
handling bromine trailers and IS0 tanks. 

Tank tmilen are nickel-clad and built to DOT MC 3 12, 
MC 331 or MC 412 specifications. The 600-gallon tank 
trailer is lead-lined. Tank cars are insulated, coiled and 
lead-lined and built to DOT 105A500W specifications. 
/SO tanks are lead-lined and built to IM 101 and IMO 
Type I specifications. 

Both the tank trailers and I S 0  tanks are uninsulated. 
Authorization for these containers is found in paragraph 
173.249 of Title 49 of the Code of Federal Regulations. 

i Bromine may be obtained from Albemarle in the 
following bulk quantities: 

Container Gal/L L b S / K g  

Tank Trailer 1,800 / 6,8 I3 42,000/ 19,050 
600 / 2,27 I 14,000/6,350 

Tank Car 4,400 / 16,655 I I0,OOO /50,OOO 
2,200/8,327 56,OOO / 25,400 

IS0 Tank 1.650/6.245 38.000/ 17.235 

After the container is spotted and before the liquid and 
vapor lines are connected, the shipping container valves 
should be checked to determine that they are closed. 
(Figures 6,7 and 14 illustrate the arrangement of valving 
in the bromine tank trailer, tank car and IS0 tank domes.) 

Check the bromine storage tank level before beginning 
the unloading operation, to be sure there is adequate 
volume to receive the shipment In general, it is recom- 
mended that the usable volume of the storage tank be 
at least fifty percent larger than the volume of the tank 
trailer; tank car or IS0 tank that will be unloaded into it 
Of course, usage rates, scheduling and other considera- 
tions may be factors in sizing the storage tank 

Dry nitrogen gas is recommended for pressure transfer- 
ring bromine, although dry air [-40"F (-40°C) dewpoint] 
may be used. Spent transfer gas will be saturated with 
bromine and should be routed to the bromine 
scrubber system. 

It is mandatory that the padding Vapor is dry. Severe 
corrosion can result if wet, and cause corrosion 
damage to the containers. 

Well-trained operators and close adherence to 
carefully defined procedures are necessary for safely 
unloading a bromine container. 

' .  



Figure 2 Unloading Facilities I 
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I. 

2. 

3. 

4. 

5. 

6. 

- Jnloading Tz - ailers 

3OT Regulations I ~ U I I  e that tank trailers be attendcu 
during unloading. If it is necessary for the attendant to 
leave 

The suggested procedure for unloading, based on the 
facilrty shown in Figure 2 

Spot bromine trailer at designated unloading location. 
Make sure that the trailer is level. Chock trailer and shut 
off tractor engine. 

Make sure the storage tank has adequate space to 
receive the trailer load of bromine. The vent scrubber 
should be in operation at the time to  scrub vapors as 
the bromine is unloaded. 

Everyone assigned to unloading the trailer should be 
equipped with goggles, a chemical resistant rain suit 
(pants and coat), bump cap or hard hat, rubber gloves, 
rubber overshoes and full-face type respirator with 
canister or twin cartridges (NIOSH/EN approved) for 
acid gases. Put on the personal protective equipment 
and check the gas respirator: Ahways wear this protective 
equipment when connecting or disconnecting and when 
near the unloading area while unloading is in process. 

NOTE In case bromine in the miler is frozen, use warm 
w t e r  (Do not use live steam.) or indinxt low pressure 
160 p’ (4.0 bar) or k s ]  steam in the heating coils. 
Gtreme caution must be used. 

Check trailer valves to be sure they are closed. Also 
check for labels and be positive which line into the tailer 
tank is the vapor line and which is the liquid line (dip leg). 
The liquid valve is 2: painted red and tagged “Liquid.” 
The vapor valve is I: painted green and tagged “Vapor? 
The liquid valve assembly can also be identified by 
visually witnessing which of the valves is directly above 
the bubble on the bottom of trailer: Check Figure 2 for 
details of the unloading hook-up. 

With trailer vapor valve closed, remove the blind flange 
and connect the dry nitrogen supply to the Vapor Valve 
(B) on the trailer‘s vapor line. Use a new Garlock Blue 
GylonTM gasket. 

With the Liquid Line Valve (C) closed, remove the blind 
flange and connect the customer‘s unloading line to the 
Liquid Valve (A) on the trailer‘s liquid line. Use a new 
Garlock Blue GylonTM gasket that is furnished with the 
trailer: DO NOT use an old gasket Leave the Liquid 
Valve (A) closed. 

7. 

8. 

9. 

I 0. 

I I .  

12. 

13. 

14. 

Inform the operator responsible for unloading the 
bromine that the trailer is ready for unloading. 

Close Storage Tank Nitrogen Valve (G) and open Storage 
Vapor Valve (F). Open Liquid Valves (c&E) and then 
slowly open the Liquid Valve (A) to the liquid unloading 
line. If there is sufficient pressure in the trailer; bromine 
flow will begin. 

Put approximately 5 pounds of pressure on the nitrogen 
hose by slightly opening the Nitrogen Valve (D). Open 
Vapor Valve (B) and apply nitrogen pressure very slowly 
to the tank trailer to transfer the bromine to storage. 
(The minimum nitrogen pressure needed to lift the 
bromine to the highest point in the unloading system 
should be used. Normally this is 30 to 50 psi). Adequate 
pressure will maintain unloading rate of 1000 Ib/min. Do 
not exceed IO0 psi (DOT maintenance test at IO0 psi). 
Watch for leaks during the unloading operation. 

In case of a bromine leak, immediately close Liquid Valve 
(A) and Nitrogen Valve (D). Allow time for bromine in 
the liquid line between the high point and the storage 
tank to drain to the storage tank Note that bromine can 
remain in the line between the high point and the trailer: 
Remove any pressure at leak point. Proceed with repairs 
or tightening of leaking fittings using proper safety pre- 
cautions, protective clothing and respiratory protection. 
Start the unloading process over: 

As the trailer approaches empty, surging in the flexible 
unloading line is seen. Close the Nitrogen Valve (D) and 
allow the liquid line to purge for five minutes or less. 
Additional purging time is unnecessary, and results in 
loss of bromine to the vent system. 

Close the Liquid Line Valves (C) and (E), and close both 
liquid and vapor Valves (A) and (B). A slight positive 
pressure should be left on the container when the con- 
tainer is vented down (no more than 5 PSIG and no less 
than I PSIG). 

Notify receiving operator that unloading is complete. 
Close Storage Vapor Valve (F). The Storage Nitrogen 
Valve (G) is left closed or opened as the Customer‘s 
process requires. 

Disconnect the Nitrogen Valve (D) from the trailer 
above the Vapor Valve (B) and replace the blind flange. 



'f c 
Figure 4 Tank Trailer. Side View 5- 
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15. Disconnect the unloading line above the Liquid Valve 
(A). [Nitrogen flow should have clewed this line of most 
liquid; however, caution should be exercised as some 
bromine may be trapped above Liquid Valve (A) and 
below Liquid Line Valve (C). An aspirator can be used 
to pull a vacuum between valves to eliminate residual 
bromine before breaking flanges.] Replace the blind 
flange on this valve. 

17. Use water to wash away any bromine spilled during 
opening of the lines. Close dome and fasten securely 

18. Make sure the trailer is properly placarded with a C l w  
8 (comsive)/UN1744 placard and a Poison placad 
without Hazard Class. The trailer should be returned to 
Albemarle immediately, 

16. FINAL CHECK Be sure that both Valves (A) and (B) are 
closed and blind flanges are installed before the trailer 
is released. 

---r 
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Unloading lank Cars 

Figure I O  shows a bromine tank car side view with 
dimensions. It also shows the heating coils (two) 
provided for thawing the bromine when required. Each 
of these coils terminates at the top and at the bottom 
with a 2-inch Schedule 80 NFT male pipe connection. 
In the dome, the cars are provided with 2-inch valves, 
with flanges, for both liquid and vapor: 

Figure 7 shows a schematic arrangement of the dome 
valves. Figure 9 is a photograph of the dome. 

A suggested procedure for unloading, based on the 
facility shown in Figure 2 

Operator should check the tank car number on each 
side of the tank car to make sure they correspond with 
the shipping papen. 

2 The tank carshodd be located proper?. at the unloading 
spot Brakes must be set and the wheels blocked with 
stwdard chocks. Derail devices and caution signs @lue 
fiags) must be piaced on open ends ofthe siding in 
axordame with DOT mgdabcms. These devices should 
remain in place until the tank car has been emptied, 
dkconnected and prepared for m l .  

3. Make sure the storage tank has adequate space to 
reteive the tank car load of bromine. The plant vent 
xrubber should be in operation at this time to scrub 
v a p o ~  as the bromine is unloaded. 

t. tveryone assignea TO unioaaing m e  IanK car snouia De 
equipped with goggles, a rain suit (pants and coat), bump 
cap or hard hat, rubber gloves, rubber overshoes and 
full face-type respirator with canister or twin cartridges 
(NIOSH approved) for acid gases. Put on personal pro- 
tective equipment and check the gas respirator Atways 
wear this protective equipment when conneding or 
disconnecting, and when near the unloading area. 

5. Check tank car valves for labels and be positive whict 
line to the tank car is the vapor line and which is the 
liquid line. The liquid line is 2: painted red and tagged 
“Liquid.” The vapor line is 2: painted green and tagged 
“Vapor? The liquid valve assembly can also be identified 
by visually witnessing which of the valves has two flanges 
located beneath the valve. 

6. Either dry nitrogen (recommended) or dry air [-4O”F 
(-40°C) dewpoint] may be used to unload the bromine 
car It is mandotory hot the padding rapor is dry. If- 

the trrnk cor. The pressure of the nitrogen supply must 
be greater than the car pressure. 

severe cOrrOSiOn con result and cause conosion &mge to 

7. Check to see if Tank Car Vapor Valve (B) is closed. The 
blind flange on the vapor valve ofthe car should 
beremaved. 

1 Figure 7 Tank C l ome 

Tank Car 

-BrakeEn 



1 Figure 8 Ta 

I E r e  I O  Ink Car, Side View - 

\ 
Placard I \ \ 

(C) Heater Coil Inlet, 2" NPT 65 Vi'' 1 (D) Heater Coil Inlet, 2" NPT 

I Design Data I 
Design Safety Relief Valve Tare Shell 

Pressure Set Pressure Weight Volume 

500 PSlG 225 PSlG 69,000 Ibs 4478 gal 



8. Wh Nitrogen SuppIy-Vapor Line Vdve (C) closed, 
connect it to the Tank Car Vapor V a k  (B) using a 
-@ul?wngaskd 

IO. lh unloading line, with Lquid Line Valve (C) closed, 
is con& to the Tank Car h u i d  Valve (A) using a 
Garlodr Blue Gylonn gasket Inform the operator 
respoMible for receiving the bromine that the tank car 
is ready for unloading. 

II. Ckstoragetank Nrbogen Valve (I), open Storage 
verrt Vafve (W). Qose Scnrbber Vapor Valve (G) land 

N h P  vatwe (4. 

W(B) and r\ktrogen sytp3.-vapot Line vaive (D). 

carprrsxurt nomralb ranges frwn 30 - 50 psi and will 
depend smewhat on the ambient temperatwe. (-The 
mirrimum nitmgen pressweneededto liftthe brdwnine 

i' 

I2 W& Mktes (E) and (G) closed, open Tank Car Vapor 

Read the carp!.essm on the p r e s s w e  indicator: the 

tothe highest point in the llnhdmg system w be 
wcd f 4 a m & y , * d  be 30 - so psi.) lhe f4tmgen 
suggr;ty prossure should be greaterthan the car pkssure. 
lfitism?!%arytorai#tankcarpressurr, open 
fafogen #he (€);dose N i V a h f e  (E) whenthe 
tankcarpreswnis .IfsupplyP===d 

netded to vent some of the car pressure. 
to be deaeased, open Scruwer Vsrporvaive (GI as 

13. Open WCartiqiUd Valve (A) and kpid Line Yalve 
WiitprObaMv rise into the unioading litbe fora 

. Ifthem are no I& open S t w  Tank 
* ~ 4 h o u M s t a h l f ~ a r e n o ( l e a k s ,  
Vahn(E)tofnahin llrhdhg- 

ine leak, immediately shut off Tank Car 
L q d  Valve (A), if it can be done safely. Whether or 
not it is possiMe to close Tank Car Liquid Valve (A), as 
quiddy as posuble, close Nrtrogen Valve (E) and open 
Scrubber Vapor Valve (G). Let the tank car and storage 
tank pressures vent down and equaJize. tfTank Car 
hqud tfahR (A) was c b d ,  open i t  Let the liquid in 
the unloading tine drain to the tank car and storage 
tank If it is desired to purge the liquid line for repair 
purposes, cbse Storage Tank Vent Vahre (H) and open 

Storage T& Nitrogen Vdve (I) to aHow nitmgen to 
flciwthmighthestoragetankthrwghtheunloading 
line into the tank car and out the TankCar Vent vaive 
(B) totheverrtxrubber: When finished pwging, dose 
the Storage IWqen Valve (I) and the Srmbt>erVapor 
Vahre (G), and open stwage Vapw Vatve (H). Rqzw 
thekakdstartoveE 

15. If there is evidence that the bromine is frozen, circulate 
warm water [not over 130°F (54.4"C)I through the car's 
heating coils. Do NOT USE S T U M  - BRoMlNE Bolls 

jd AT 138'F (58.9"c). During the heating period, Storage 
Tank Vent Valve (H) is open and Liquid Valves (A), (C) 
and (F) are also open. Vent Valves (6) and (0) will be 
open, but Nitrogen Valve (E) and Scrubber Vapor Valve 
(G) will be closed. Watch the pressure on the tank car 
and, if it exceeds the pressure usually used to unload the 
car, vent it down by opening Scrubber Vapor Valve (G). 
Close Scrubber Vapor Valve (G) when the pressure in 
the car reaches the desired level. 

" 

16. When nitmgen Maws thmgh the liquid unloading line 

into the storage tank the car is empty lhe Mitrogen 
Valve (E) is dosed. 

17. When nttmgen pmssure is offthe car, ailow itto stand 
for Is to 20 minutes fbfbrwnkte liqutd in the (XMneC- 

t ionst0 clrain bad< into the car: u o s e t h e h  bmmine 
Liqud Vahns (A), (C) and (F). Close the Storage Vapor 
Vahe (H). 

18. Dixoonea the i@ unloadmg line fiwn the tank car 
a n d r q r b a a e t h e M i n d ~ O n t h e W c a r ~  
valve CA). 

19. Checkthe presswe on the c x  A slight poutive pressure 
~beleftonthecontainer,~. thecwftalneris 
~dcn4n(nomorethan5psK;afKtnoleJsthan 
I pstc). lfflecemg open N W V *  (9 until the 

SUpply-VapQr Line valve (U). i33cmmd thelintand 

car has adequate prossure. Close Nftrogen lFdve (E). 
Close tho Tank clar Vapor vaive (B) and the Fiktrogen 

put the blind t hge  on the Tank Car Vapor Valve (6). 

20. Wash the top ofthe carwith water ifany brwnine has 
ban spilkd. 

21, If the hot water system has been used, drain and blow 
dry with air to p m n t  freezing. 

22. Revene the Class 8 (corrosive) / UW 1744 placards to 
the "Residue" side, indicating the tank car is emm. Do 
not reverse the Poison placard (without Hazard Class). 
Return the Tank Car to Atbemarle immediately. 



Unloading I S 0  Tanks 

DOT and EEC Regulations require that I S 0  tanks be 
attended during unloading. If it becomes necessary for 
the attendant to leave the operation, bromine transfer 
must be stopped. 

A suggested procedure for unloading, based on the 
facillty shown in Figure 2: 

3. 

4. 

Position bromine IS0 tank at designated unloading 
location. Make sure that the I S 0  tank is level. The I S 0  
tank should be chocked in place and the identification 
number should be checked to make sure it corresponds 
with the shipping papers. 

Make sure the storage tank has adequate space to 
receive the I S 0  tank load of bromine. The plant vent 
scruber should be in operation at this time to scrub 
rapon as the bromine is unloaded. 

Personnel assigned to unloading bromine should be 
trained and qualified to handle bromine. Everyone 
should be equipped with proper safety equipment: 
a chemical-resistant rain suit (pants and coat), hard hat, 
goggles, rubber gloves, rubber boots and full-face type 
respirator with canister or twin cartridges (NIOSHIEN 
approved) for acid gases. The protective equipment 
should be worn when connecting or disconnecting, and 
when near the pressurized system while unloading. 

NOTE In m e  bromine is fmzen, use warm water (do not 
use live steam) OT indirect low pressure [60 psi (4.0 bar) 
or less] steam. ExVerne caution must be used. 

Check I S 0  tank valves for labels and confirm which line 
into the I S 0  tank is the vapor line and which is the 
liquid line (dip pipe). The liquid valve can be identified 
by visually noting which valve has a double flange (the 
dip pipe is flanged and the valve sets on top of the dip 
pipe. (See Figure 14.) The I S 0  tank valves are color 
coded VAPOR-GREEN and LIQUID-YELLOW and are 
tagged liquid and vapor to aid identification. The color 
code is stenciled on top of the dome cover' The valves 
)n Albemarle's IS0 tanks are 11.4" ANSI Class 150 Ib 
kflon"-lined flanged valves. 

5. 

6. 

7. 

8. 

9. 

IO. 

I I .  

Check the green IS0 tank Vapor Valve (B) to De sure rc 
is closed and carefully remove the blind flange on top of 
the valve. Connect the plwt Nitrogen Valve (D) to the 
I S 0  tank Vapor Valve (B) using a Teflon" gasket and 
tighten properly. Use either dry nitrogen (recommended) 
or dry air [-40°F (-40°C) dewpoint] to unload. It is 
mandatory that the padding vapor is dry. Severe 
corrosion can result if wet and cause corrosion 
damage to the IS0 tank. Regulate the nitrogen supply 
pressure to 25 - 30 psi (I .7 - 2.0 bar) for unloading the 
I S 0  tank 

Check the yellow I S 0  tank Liquid Valve (A) to be sure il 
is closed and carefully remove the blind flange on top of 
the valve. Connect the plant Liquid Line Valve (C) to 
the I S 0  tank Liquid Valve (A) on the I S 0  tank's liquid 
line using a Teflon" gasket and tighten properly. Do not 
open the I S 0  tank valves at this time. 

Inform the control room or the operator responsible 
for unloading the bromine that the I S 0  tank is ready to 
to unload. 

Close Storage Nitrogen Valve (G) and open the Storage 
Vapor Valve (F) to the vent scrubber Open the Storage 
Liquid Valve (E), the Liquid Line Valve (C) and then 
slowly open the I S 0  tank Liquid Valve (A). If there ic 
sufficient pressure in the I S 0  tank, bromine flow will 
begin. WATCH FOR LEAKS. 

Open the I S 0  tank Vapor Valve (B) and apply adequate 
nitrogen pressure to establish a bromine flow to the 
storage tank Thirty psi (2.0 bar) is usually adequate. 

In case of a bromine leak, wear the proper protective 
equipment and immediately shut off the I S 0  Tank Liquid 
Valve (A) and the Nitrogen Supply Valve (D). Allow the 
I S 0  tank pressure to vent to the scrubber Proceed with 
the necessary repairs to stop the leak Begin the 
unloading process again. Watch for leaks. 

Do not leave the I S 0  tank unattended while unloading. 
As the IS0 tank approaches empty, the liquid line will 
surge (blow through) for a few minutes to clear the 
transfer line of all liquid bromine. Excessive purging will 
result in a loss of bromine to the vent scrubber: 
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12. When the liquid line is empty close the I S 0  tank Liquid 
Valve (A), the Liquid Line Valve (C) and the Storage 
Liquid Valve (E). Switch the vapor line to the vent 
scrubber to relieve the pressure on the IS0 tank Once 
the I S 0  tank is depressurized, close the I S 0  tank Vapo 
Valve (B) and the valve to the vent scrubber. Close 
Storage Vapor Valve (F) and open the Storage Nitroge 
Valve (G). 

16. Finally, check the I S 0  tank unloading valves to be sure 
they are closed and blind flanges are secure before 

e I S 0  tank for return. Secure dome cover 

to wash away my bromine spilled during 
opening the lines. 

18. Make sure the IS0 tank has the proper placards, with 
Class 8 (corrosive)/UN 1744 and Poison placards 
(without Hazard Class). Return the IS-0 tank to 
Albemarle immediate1 

13. Noti@ receiving operator that unloading is compl 

14. Disconnect the Nitrogen Valve (D) from the I S 0  
Vapor Valve (B) and install the blind flange using a 
Teflon" gasket. 

15. Disconnect the Liquid Line Valve (C) from the I S 0  tank 
Liquid Valve (A). Use caution. There may be some 
bromine trapped between the I S 0  tank Liquid Valve (A) 
and below the Liquid Line Valve (C) on the unloading 
hose. Replace the blind flange on the I S 0  tank Liquid 
Valve (A) using a Teflon" gasket and tighten properly. 



m s i v e  LO most common matenals of 
Aluminum should be avoided because it 

&wnine is hypsccpic and, whenexposedtothe 
atmosphere, the water contmt rises rapidly and may 
exceed 300 ppm depmdmg on the m. Because 
the-ofbrwnine isdmtdlyirm-eaed by 
this moistun, it should nofmauy be stored under dry 

th -40°F (-40°C) dewpoint]. 
Drynitrogenpwgingisarecommendedmethodfw 
prwwttingmaistureintrrwon * intostofagetankandpro- 
cessing~&ominei5nonreactrve . tocertainmetak 
ifthew;rttrcw&?nt is kept helow about 30 ppm. lfthe 

maybe ~ ~ a n d C w r o s i v i t y t o ~ m e t d s  

ofcarbarorgraphtte,are~resistMttobrwnine, 

ac-*brwnine. 

OT drj itk 

water cantent k#reases above 70 ppm, the bromine 

i n c m s e ~ .  Ceramicmateriak,withtheexception 

we& or dry. Mymew d n  materials generally are not 

Lead (nonalloyed or chemical lead per ASTM 829) is the 
most versatile material for use in dry (e 30 ppm H20) 
bromine storage and process vessels, usually in the form 
of lead-lined steel. Lead is initially attacked by bromine, 
forming a coating of lead bromide which prevents further 
corrosion. Above about 75 ppm water in bromine, lead 
is attacked and should not be used. Additionally, the 
presence of very small amounts of hydrobromic acid 
(HBr) or certain species of heav, brominated organics 
have been found to markedly accelerate the corrosion 
rate of lead in bromine. 
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st.sl d stainless steel materials are not recommended 
for use m bromine m e s s  systems. Bromine vapor in 
the atmosphere ofthe pnxessing area severely attacks 
ai fmrws alloys Inorganic bromides have been found to 
cause stress cormion cradang of austenitic stainless 
steel under5eftaitl conditions. 

phttkrmd ~otherthanthefluoropolymen 
generally give unsatisfactory service (including fiber- 
reinforced plastics). Polypropylene (PP) and Polyvinyl- 
chloride (PK)  p k b c  piping have been used on a 
limited basis for ambient temperature vapor collection 
systems. These systems are designed to be full draining, 
so condensate cannot accumulate in the vent piping. 



Storage lank & Related Equipment 

Bulk storage vessels for bromine should be lead-lined or 
glass-lined, designed and buitt to the requirements of the 
ASME code for pressure vessels. Storage vessels should 
be designed for full vacuum, 150 to 250 psig (IO - 17 bar) 
working pressure and 250°F (121OC) temperature. The 
maximum amount of bromine that can be put into a 
storage vessel should not exceed 90 peKent of capacv, 
to allow for vapor expansio 

Bromine storage vessels should be located in an area 
where the temperature can be kept above 19°F (-7.2"C) 
to prevent Freezing. The area should be cool, dry and 
out of direct sunlight to prevent the build-up of poten- 
tially dangerous pressure in the vessel. Storage vessels 
may be located in a welt-ventilated building to protect 
against rain and moist air. They should be vented through 
a caustic or water scrubber; under positive nitrogen 
pressure to prevent backup of moist air into bromine 
storage. A seal loop may be installed before the vent 
scrubber to prevent back-up into the storage tank 
Bromine storage facilities should be located in a diked 
area to contain spills. Atthough concrete is significantly 
attacked by bromine, it is used for diking storage areas 
in the event of a leak or catastrophic failure. For long- 
evv, the concrete should be protected with a splash 
and spill resistant coating, such as Overkotem modified 
novolac epoxy made by CK, tnc. of Tulsa, OK or 
TufchernTY potassium silicate manufactured by Atochem, 
NA, Philadelphia PA. 

Water should be available in case of a spill. Due to 
specific grawty bromine will stay below water; reducirig 
vapor emissions. Leaks may be controlled by covering 
the area around the leak with dry ice, thus freezing and 

% 

S 

No organic materials should be stored in the same 
general area Any open-ended pipelines leading to and 
out of the storage vessel should be closed with a blind 
flange when nat in use. No valves or cocks should be 
relied upon to contain liquid bromine. Pipelines should 
be sloped, allowing bromine to drain to the storage tank 

The vessel should be equipped with adequately-sized 
pressure relief valves. To permit use of conventional 
carbon steel reliefvalves, tantalum rupture disks are used 
to isolate bromine vapor from the valves. To permit peri- 
d i c  removal for inspection, two valves can be provided 
with approved blocks. Each valve should be sized large 
enough to protect the tank from over-pressure. 

Consider providing pressure, level and temperature 
indicators on the vessel. It is recommended that storage 
tanks be mounted on weigh cells. If no bottom nozzles 
are used, a dip leg vent valve, actuated and normally 
open, is recommended to eliminate pressure on the dip 
leg in ah emergency. 

Bromine can be transferred from the storage tank by 
using nitrogen pressure or a centrifugal or positive- 
displacement pump. Recommended centrifugal pumps 
are DUKO, Goulds and Corning-NGK (PFA, TFE or 
ceramic wetted parts). Double mechanical cartridge 
seals are used with tungsten carbide inside faces and 
Kalrez O-rings. Use of magnetic drive centrifugal pumps 
in bromine service is still sparse, but environmental 
concerns will likely increase their use in the future. 
Recommended magnetic drive centrifugal pumps are 
Carver-lwaki and Ansi-Mag (E-CITE, E-TFE, ceramic and 
silicon carbide wetted parts). Recommended positive 
displacement pumps are Bran-Luebbe and &dip (TFE 
and glass-filled TFE wetted parts). 

All equipment that comes into contat with bnnnine should 
be inspected periodically. 

Equipment for Bromine Use 

Pipe 

Schedule 40, Electrical Resistance Welded, ASTM A587 
carbon steel, WDF-lined, spooled with 150 Ib flanges. 

I" through 6" 

8 
Schedule 40, seamless ASTM A53 Grade B carbon steel 
PVDF-lined, spooled with 150 Ib flanges. 

Polyvinylidene fluoride (PVDF)-Lined Pipe 
This section covers PVDF-lined steel pipe and faings 
with lining flared or molded over flange face. lt may or 
may not be vented, depending on manufacturer: For 
design, installation and maintenance specifKs, consult 
Dow Chemical Co. Plastic-Lined Piping Products. 

Piping with vent holes, that is to be insulated, should 
have vent hole extensions installed before lining. Support 
connections on pipe and fittings should be welded to- 
gether before lining. Vent holes should not be plugged 
with paint or insulation. 
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Chart 8 Vapor Thermal Conductivity, O F  
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Chart I O  Liquid Thermal Conductivity, "F 
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