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PRODUCT:

1. Therearelimestone deposits all around my location. Why isn't there any high calcium lime available
locally?

2. Whatis"Hot Lime"?

3. Why does thetint (color) of quicklime vary?

4. What doesthe term " Overburned Quicklime" mean?

5. Which type of limeshould | use? Quicklime or Hydrated Lime?

6. Why would | not want to simply buy lime slurry, rather than buying quicklime or dry hydrated lime
(in bulk or bags) to make my own slurry?

7. Limeisused to neutralize acids, which raises the pH. How does this take place?

8. | keep hearing the term Pebble Quicklime and sometimes see the letters PBQL. Why is this
terminology used and what does it mean?

9. How much lesslimewill | useif | use quicklimerather than bulk hydrated lime, and at what point is

this practical?

10. | need touse hydrated lime but am not sure whether | should get it in bags or in bulk. What are some
of the advantages and disadvantages of bags vs. bulk?

11. What isthedifference between Limestoneand Lime? Also, | hear the terms Aglime and Dolomitic
Lime used alot. How do they differ from limestone and lime?

12. What isthedifference between Hydrated Lime and Hydraulic Lime?
PRICES:

1. Why doestheprice of quicklime increase when | know that there are still enormous deposits of high
calcium limestone available to be produced into quicklime?

[N

How doesthe availability and quality of high calcium limestone deposits affect the price of quicklime?

(&

Will forming a buying cooper ative, or buying from an existing one, always guarantee that I'm paying
the lowest pricefor lime?

I~

We aretrying to determineif it would be better for usto gowith a multiple year contract for our lime
requirements, rather than a single year. What are the advantages and disadvantages?

CHEMICAL & TESTING:

1. Limecompaniesrefer toa" Typical Chemical Analysis'. What does this mean and why isit not
referred to as a specific chemical analysis like the reagent grade chemicals| buy?

- What arethe standard tests used to deter mine the percent of available lime (CaO% ) and how do they
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differ? (ASTM C25 and AWWA B202 standar d tests)

3. Why issugar added when running the standard titration for the percent of available lime (CaO%)?
(ASTM C25 and AWWA B202 standard tests)

4. When | take a sample of quicklime from atruck or railcar for testing for the percent of availablelime
(Ca0%), do| need to seal the container?

5. What arethe CAS Numbers for quicklime and hydrated lime, and what does CAS mean?

6. What ismeant by quicklimethat has been " drowned" ?

7. What arethe STCC, CAS and EPA reference numbersfor quicklime (Calcium Oxide-CaO) and
hydrated lime Calcium Hydroxide-Ca(OH) 5)?

8. | have completed the available lime test for CaO% and am concer ned about a low test percentage.
How can | tell if my quicklime sample has undergone air slaking?

9. What isthe correlation between the Available CaO%in Quicklime, CaO and the CaO% Equivalent in

Hydrated Lime, Ca(OH)5?

10. Asl understand it, hydrated limeis only slightly soluble in water and the solubility isinversely
proportional with temperature. What is the actual solubility of hydrated limein water with
temper ature? Also, how isthe solubility of quicklime deter mined since quicklimereacts with water to
form hydrated limeand isnot initsoriginal formin a water solution?

11. Since magnesium carbonateis chemically very similar to calcium carbonate why doesn't magnesium
oxide and magnesium hydroxide have the exact same chemical properties as calcium oxide
(Quicklime) and calcium hydroxide (Hydrated Lime)?

12. What isthe ASTM Standard C-977 and does the lime produced by Cheney Lime & Cement Company
meet this specification?

13. Limecompaniesrefer toa" Typical Chemical Analysis'. What does this mean and why isit not
referred to as a specific chemical analysis like the reagent grade chemicals| buy?

14. Withregardtothe NAFTA Certificate of Origin, what doesthe HS Tariff Classification Number mean
and what arethe HS Tariff Classification Numbersfor quicklime and and hydrated lime? Also, what
doesthe Preference Criterion mean?

15. what isthe difference between the temper atur e scales of Celsius/Centigrade (°C), Fahrenheit (OF)
and Kelvin (9K) and how do | convert between the these?

16. When in contact with metal equipment does lime have any affect on iron or steel? Also, is thereany
affect on aluminum, lead, tin, brassor zinc?

17. | understand that limestone (calcium carbonate and/or magnesium car bonate can be used to
neutralize a strong acid. Why can't | simply use limestone to raisethe pH above 7.0 (neutral)?

SIZE:
1. Wearegoingtobuild a plant that will use quicklime and need to know which isthe best quicklime
sizeto usein the design of our plant.
2. When | buy quicklime from different suppliers| sometimes haveto adjust my system, even though the
size of the quicklimeisthe same. Why are there variationsin quicklime from different suppliers?
SILOS:
1. Withregard todeliveriesby truck or rail car, how large of a silo should we plan for in the design of
our plant?
2. | amin thefinal planning stages for our limesilo and want to make surethat | have covered all key
points. Isthere something | need to be sureto check before ordering the silo?
3. | need toremove somelimethat iscurrently in my silo. Does anyone do this and what ar e the type of

chargesthat | can expect?
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4.

How can | doa quick calculation of the cubic feet capacity of a silo? Also, how much quicklime, or
hydrated lime, can goin thesilo?

SLAKERS & MIXERS:

(SIS

B

What isa" slaker" and why can | not ssmply mix quicklimein a simple mixing tank?
Why does hydrated lime settle when the agitation stops? Why doesn't it all go into solution?

| have a slaker, or other type of lime handling equipment, that requires a part that isno longer
available or manufactured. |sthere a company who can makethis part for meif | havethe
drawings/specifications, or if all | haveisthe broken part(s)?

What isa Lime Slurry and are there other physical formsof hydrated lime and water ? Also, isthere a
formulathat can be used in calculating the amount of lime and water to produce a certain percent
slurry?

TRANSPORTATION:

1

2.

[

I~

jon

o

7.

When | receive a shipment of lime, by truck or rail, how long do | haveto unload it? Isthere a penalty
if | exceed the time allowed, and what is meant my the term Demurrage ?

When | called to place an order for lime by truck | was told there was a shortage of trucks. All of the
lime companies | talked with also confirmed this. Why does this happen? Also, how do the trucking
companies maintain enough trucks to serve thelime market and what can | do to help avoid these
truck shortage situations?

I am considering comparing getting my lime by rail vs. truck. What are some of the pros and cons
regar ding these two modes of lime delivery?

| am considering using a Pressure Differential railcar (PD Car) for limedelivery by rail. What kind of
railcar isthisand isthereany reason why | would not want to usethistype of car?

I am planning to starting ordering truckloads of bagged hydrated lime. Should | havethelime
delivered by a flatbed or van type of truck?

When | order truck shipmentsof lime my lime supplier setsup thetrucking. Should | consider having
my company handle the transportation arrangements or should | continue to have my lime supplier
handle this?

What isthe differ ence between Short Miles and Practical Milesin determining freight ratesand why
can there be differ ences between the two mileages when going to the same location?

USING THE WEBSITE:

1

[

PRODUCT:

When | try to view a PDF file in my browser it does not appear. All | get isa small icon on a blank
page. Why does this happen and how do | correct it?

Why areall the Questions and Answers on the FAQS (Frequently Asked Questions) web page
displayed on single page, rather than on multiple pages of the website?

1. There arelimestone deposits all around my location. Why isn't there any high calcium lime
available locally?

The term limestone can refer to both dolomiticlimestone or high calcium limestone. Most limestone depositsare

dolomitic limestone, which is a mixture of calcium carbonate and magnesium carbonatein a general ratio of 40-60%.
High calcium limestone is generally considered to bein excess of 90% calcium carbonate. Natur e does create
predominantly limestone deposits composed of predominantly calcium carbonate, however, these locations are
considerably fewer than those of dolomitic limestone. Although both car bonates undergo the conversion to oxidein
thekiln (CaO and MgO) thereisan important, fundamental differencein their reactivity with water. Calcium oxide
will react readily with water at normal temperatures to produce calcium hydroxide and an excess of heat (exothermic)
wher eas magnesium oxide requires special conditionsto convert to magnesium hydroxide. Any magnesium oxide will
remain unreacted in water, resulting in additional grit. If kilns wer e set up to process dolomitic limestone into
"quicklime", approximately 40% of the product (the MgO portion) will not react with water significantly, resulting in
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about 40% grit.
Top

What is" Hot Lime"?

Thisis quicklime, which is chemically known as calcium oxide. Because quicklime generates a lot of heat (exother mic)
when reacting with water to form hydrated lime (calcium hydroxide) it has been commonly known as" hot lime".
Hydrated lime will not generate heat when mixed with water since it has already been converted to the hydrated form.

Top

Why doesthe tint (color) of quicklime vary?

Thisis because of the different fuels used to heat the limestone (calcium carbonate) to convert it to quicklime (calcium
oxide). Many suppliers use pulverized coal and a mixture of pet cokewhich can result in a slight grayish color tothe
quicklime due to the exposureto the fuel. You'll notice that a pebble of quicklime, when split, will appear white inside
since this area has not been exposed to the burning fuel directly. Generally, Thetint of the quicklime hasno
significant bearing upon thereaction of the quicklime with water. Thisis because the amount of material associated
with the color isinsignificant. The exception would beif the quicklimewere" overburned”, which could decreasethe
reactivity.

Top

What does the term " Overburned Quicklime' mean?

Thisterm refersto quicklimethat has been subjected to excessive heat. Theterm really means" over heated
quicklime". Theterm "burning" generally refersto oxidation, which isthe process of a material chemically reacting
with oxygen (combustion, rusting, etc). In the kiln, the limestoneis simply subjected to a high temperature (ranging
from 1850 to 24500 F for high calcium limestone) which resultsin the dissociation of thelimestone into calcium oxide
and carbon dioxide. For themost part, the limestone going into thekiln isin pebble form. Since the pebblesarethe
result of the crushing of the limestonerock, they areirregular toa degree and vary in sizes. In heating the limestone
pebbles a compromise has to be reached between heating the larger pebbles enough to convert them entirely, and not
over heating the smaller pebbles. Limestoneis a porous rock, so the carbon dioxide gas escapes through the pores of
therock. If the pebbleis subjected to too much heat, the surface can tend to shrink, which resultsin adelay in the
conversion from calcium carbonate to calcium oxide. Overburned quicklime tendstoreact at a slower rate than
ideally burned quicklime.

Top

Which type of lime should I use, Quicklime or Hydrated Lime?

Thisis generally determined by the volume (tonnage) of lime used. A good way to think of quicklimeisthat it is
hydrated lime without the water. It'simportant to under stand that when water is added to quicklimeit chemically
combineswith it to form two products: calcium oxide (quicklime) and carbon dioxide. The weight ratio isthat 100
tons of pure calcium carbonate would ideally produce 56 tons of calcium oxide (quicklime). To produce a dry
hydrated lime you would then add 18 tons of water to the 56 tons of quicklime to produce 74 tons of hydrated lime.
When companies buy quicklime they are using a fairly lar ge volume of lime, sothey form their own hydrated lime by
reacting it with water at their plant. If the usage isrelatively small they will buy the hydrated lime, which is quicklime
already reacted. For calculation purposes you can consider atruck of quicklime equals 1.32 trucks of hydrated lime.
Another important consideration is that, generally, using quicklimerequires that you use a slaker, wher eas you can
use a simple mixing tank with agitatorsto use hydrated lime. The cost of a lime slaker is generally higher than that of
alimemixer.

Top

Why would | not want to smply buy lime slurry, rather than buying quicklime or dry hydrated
lime (in bulk or bags) to make my own slurry?

For some purposes using alime slurry is fine. However, there area number of considerations to be aware of. First,
consider that it takes 1.32 trucks of hydrated limeto equal atruck of quicklime (weight ratios). If the slurry were 20%
solids, it would take 5.0 trucks of slurry to equal onetruck of dry hydrated lime, or 6.6 trucksof slurry to equal one
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truck of quicklime. In addition, you will haveto factor in the freight cost for hauling a truck with 80% water in it.
Quicklime and dry hydrated limearrive in pneumatic trucks, and the lime is pumped into silos. Slurry comesin a
slurry truck, which isthen pumped into an on site portable slurry tank, or slurry tank in the plant. The slurry hasto
be constantly agitated to avoid the settling of the lime. Another consideration involves the availability of slurry. All of
themajor lime companies produce quicklime and most produce dry hydrated lime. Only a few are involved with lime
slurry, which limits the sour ces available. All of these things have to be taken into account in considering slurry rather
than quicklime or dry hydrated lime.

Top

Limeisused to neutralize acids, which raises the pH. How does this take place?

Most quicklimeis converted to hydrated lime before using. Hydrated lime is chemically known as " calcium
hydroxide" and isa strong base. Thereaction of an acid and a base produces a" salt" and water, so a base
"neutralizes" an acid. Simple examples of this arethe reactions of hydrochloric acid (HCI) with sodium hydroxide
(NaOH) and with calcium hydroxide (Ca(OH)y):

Typical Acid-Base Reactions

HCI + NaOH ---> NaCl + H,0
2HCI + Ca(OH)5 ---> CaCly + 2H20

The products of this reaction are water (H50) plusthe salts: sodium chloride NaCl) or calcium chloride (CaCly). To
those less familiar with chemistry, theterm " salt" is generally thought of as NaCl (table salt), however, a" salt"
should be thought of asthe product of an acid-base reaction. When an acid isin a water solution it dissociatesinto a
cation (H*) and an anion (Cl-). Theterm pH refersto the concentration of hydrogen ions (H*). Astheseionsare
combined with the (OH-) from the base, the number of hydrogen ions (H*) decreasewhich resultsin the
neutralization of the acid. The pH of a solution can range from 0to 14. A pH of 7.0 is considered to be completely
neutral (deionized water). So a solution that isacidic hasa pH of lessthan 7.0 and a solution that is basic hasa pH
above 7.0. Lime isa strong base and an excess of lime can quickly produce a pH above 12. It can also be seen, as
shown in the reactions above, that a molecule of calcium hydroxide (Ca(OH)») will react with twice (2x) as many

molecules of hydrochloric acid (HCI) than sodium hydroxide (NaOH) does.
Top

| keep hearing the term Pebble Quicklime and sometimes see the letters QL and PBQL. Why is this
terminology used and what does it mean?

Commercial quicklimeis commonly produced in rotary kilns where pebbles of high calcium limestone are transported
through the kiln and converted into quicklime (calcium oxide). Initially, thelimestone is quarried into boulders, which
arethen broken down further and taken to a crusher. After the crushing process, and a further sizing process, the
pebbles go into thekiln. When they exit thekiln they may be crushed further and sized, but in any case, the pebbles of
quicklime are produced in generally two size ranges that have the trade names of Rice and Medium size quicklime.
Pebbles that aretoo lar ge go back to the crusher while quicklime that istoo small to be sold as Rice size quicklimeis
either sold as Granular size quicklime or isused to make hydrated limein a plant that is usually found adjacent tothe
kiln operation. (The general designation QL is commonly used for quicklime as the designation of HY for hydrated
lime. The designation of PBQL is often used for pebble quicklime as opposed to Granular or Pulverized sized
quicklime.)

Top

How much lesslimewill I useif | use quicklime rather than bulk hydrated lime, and at what point
is this practical?

Thisis easy to determine. When hydrated limeis produced from quicklimeit isa " complete’ reactionin that all of the
water chemically combines with the quicklime:

Ca0O + Hy0 ---> Ca(OH)» + Heat

The molecular weight of quicklime, CaO is 56 and that of hydrated lime, Ca(OH), is 74.
(Calcium, Ca=40, Oxygen, O=16 and Hydrogen, H=1)
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10.

11.

The best way to think of "molecular weight" isa " weight ratio”. Once quicklimeis added to water it convertsto
hydrated lime so you ar e essentially comparing the same product in different forms. In the simplest form 56 Ibs of
quicklimeis equivalent to 74 Ibs of hydrated lime. Another way to view thisistotake your current hydrated lime
usage (tons) and multiply it by 0.757 to come up with the approximate usage of quicklime equivalent to your hydrated
lime usage. Thisfactor comes from dividing the molecular weight of quicklime (56) by that of hydrated lime (74),
which equals 0.757, or 75.7%.

Whether or not it is practical to switch from using bulk hydrated lime to using quicklime generally depends upon the
amount of limeyou're using and your willingness to purchase a slaker. (Slakers insurethat you have complete,
intimate mixing/reacting of water with the quicklime, which isvery important sincethereaction is exothermic and
produces steam). If you're currently using bulk hydrated limeyou already have a storage silo so purchasing a silo
won't be an issue unless you want to increase your storage capacity. If you're producing alimeslurry it'slikely that
you'll require a slaker rather than the current mixer you've been using. Asa general rule bulk hydrate seemsto be
used for requirementsof up to 1-2 trucks a month (300 to 600 tons/year, a truck holds approximately 25 tons). Some
customerswill use quicklime if they're using only 100-200 tons/year, but generally quicklime is not considered until
somewher ein the 300-600 tons/year range. I n any case, the costs vs. savings factors need to be car efully evaluated
prior to making the decision to switch from bulk hydrated limeto quicklime, and each customer's requirements will
be different.

Top

| need to use hydrated lime but am not sure whether | should get it in bags or in bulk. What are
some of the advantages and disadvantages of bags vs. bulk?

Thisprimarily depends upon how much hydrated lime you intend to use, and whether or not it will be used in
multiple locations. Both bagged and bulk hydrated lime serve a purpose, so it'simportant that you havea clear idea of
your long-term planswith lime.

BAGGED: If your areadistributor of hydrated lime you will almost always require only bagged hydrated lime. If you
arealimeuser, and require a sizeable amount of lime, but have to transport it to multiple locations (such as
individual well sites, etc.) your only option is probably hydrated limein bags. Generally, customerswho are currently
using bagged hydrated limein their process do not require a lot of lime. In some cases bagged hydrated lime has an
advantage because each bag is 50 Ibs which allows it to be used in batch prepar ations wher e a certain number of bags
of hydrated lime are added to the mix/batch. Advantages: Y ou only require stor age space and a mixing tank to
preparethe slurry. Disadvantages: the price (bagged hydrated limeis more expensive), the unloading (pallets of lime
have to be removed from the truck by a forklift) and the handling (each bag has to be handled by a worker).

BULK: Bulk hydrated limeis usually used by customers who have a higher usage requirement. Your longterm
projected usage of hydrated lime needs to be taken into account in considering bulk hydrated lime. If the usageis
expected toincrease, it may pay to invest in the capital equipment to use bulk hydrated limeright at the start. Some
customers, who are in the process of implementing a new lime slurry operation, will start with bagged hydrated lime,
then switch to bulk once the operation gets going. Advantages: the price (bulk hydrated lime costs less than bagged
hydrated lime), the unloading (thelimeisdelivered via a pneumatic tank truck which blowsthe product into thesilo,
so the customer has nolabor in unloading), and the handling (the limeis automatically handled from the silo tothe
slurry preparation). Disadvantages: | nitial capital investment (you will requirealimesilo, feeder and metering
equipment to control the feed of the hydrated lime to the mixing tank).

Top

What is the difference between Limestone and Lime? Also, | hear the terms Aglime and Dolomitic
Limeused alot. How do they differ from limestone and lime?

This question comes up quite frequently and is caused by a popular use of theterm LIME interchangeably for
"limestone" and "lime" especially in the agricultural market. From a practical standpoint it'slikely that thiswill
continuein the future, soit'svery important to know when a person saysthey use"lime", whether they mean
"limestone", which isrock, or dothey really mean " lime", which is a chemical in the form of the oxide or hydroxide.
(From a chemistry standpoint, limeis a chemical base.)

Limestone: Although limestoneis often referred toas " lime" it isactually a" stone or rock”, either naturally
occurring in mineral depositsor, when physically processed, in various size pebbles, crushed, ground or pulverized.
Theterm limestone generally refers to calcium carbonate, CaCO3 and magnesium car bonate, MgCO3, which are

usually found together, to some degree, in various proportions. The term Dolomitic Limestone general refersto
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limestone deposits with a much higher percentage of MgCO43 than isfound in high calcium limestone deposits.
(Cheney Lime & Cement Company produces quicklime, CaO from the calcination of deposits of high calcium
limestone in Shelby County, AL. This quality of limestoneisrequired to produce the high calcium quicklime and high
calcium hydrated lime productswe supply.)

Lime: In the correct use of theterm, limeisactually a" chemical" which isin the form of calcium oxide, CaO
(quicklime) and/or magnesium oxide, MgO which is produced from the high temperature process of calcination which
takesplacein alimekiln. Lime also refersto calcium hydroxide, Ca(OH), and magnesium hydroxide, Mg(OH)»
which arethe hydroxides produced from the reaction of the oxide and water. In the case of calcium oxide, CaO the
reaction occurs readily and is highly exothermic. Both Ca(OH), and Mg(OH), are chemical bases.

Aglime: Generally, Aglime (sometimesreferred to as Agstone) is a dolomitic or high calcium limestone that isfinely
ground to enableit to neutralize soils that are acidic. Although limestoneis considered relatively inert, it can be
attacked by a strong acid, or a weak acid over time, and will neutralize the acid. If the acidity isquite high, then either
quicklime or hydrated limeis usually used.

Top

12. What is the difference between Hydrated Lime and Hydraulic Lime?

Hydraulic Lime and Hydrated Lime have basically the same chemical compaosition, however, hydraulic lime has its
initial setting with water (similar to cement) and a second setting with recarbonation (the absor ption of CO»).
Hydrated lime does not set with water and only under goes recarbonation. Cheney Lime & Cement Company
produces a type N hydrated lime, which isused chiefly for its chemical characteristics. Hydrated limethat is used for
construction pur poses (stucco, etc.) represents only modest quantities compared to the chemical uses.

Top
PRICES:

1. Why does the price of quicklime increase when | know that there are still enormous deposits of
high calcium limestone available to be produced into quicklime?

It'struethat there are huge supplies of high calcium limestone in the quarries that lime producers own. The supply of
limestone, however, isnot the primary determining factor in what the market price of lime will be. To under stand
this, keep in mind that all of the quicklimethat isin the lime market (hydrated limeis produced from quicklime) came
from high calcium limestone that had to go through kilnsto be converted to quicklime. A new kiln isa major
undertaking for a lime company, both financially and with regard to state and federal regulations. As aresult, lime
companiestry to anticipate the lime market to make certain the new kiln will either meet existing demands, or those
anticipated in the reasonably foreseeable future. If thelime market is" soft", and future prospects for the economy
uncertain, it'sunlikely that a new kiln will be brought online until things have improved. Eventually, the demand will
grow to meet the existing lime production capacity, yet a new limekiln may still not be brought online. In fact, during
periods when lime demand is very slow, existing kilns may beidled to bring production morein line with existing
demand. In any case, thecritical path isthat the number of "kilnsin operation" determines the market; not the
supplies of high calcium limestone.

Top

2. How does the availability and quality of high calcium limestone deposits affect the price of
quicklime?

Although the number of kilnsin operation isamajor determining factor in limeprice, the limestone depositsand
quarrying operations play a very significant part, principally duetotheir effect on bottom line production costs. If the
limestonein the quarry isfound in a deposit of consistent quality, and isrelatively easy toreach, the quarry costsare
lower. If the quality of the deposit isinconsistent, thereis an increase in the amount of selective quarrying that hasto
be performed. Also, if the limestone deposit hasto be mined under ground, as opposed to an open quarry, the costs
increase. Asthelimestonethat is located closest to the kilnsisdepleted, [imestone has be to be brought in from further
distances, which resultsin an increasein transportation costs. All of the factorsin limestone depositsand quarrying
have a direct impact on the bottom line cost to produce quicklime. This hasa significant effect on the quicklimeprice
thelime producer can offer to the market and still expect to realize a reasonable profit.
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Top

3. Will forming a buying cooper ative, or buying from an existing one, always guarantee that 1'm
paying the lowest price for lime?

Forming a cooper ative does clearly offer some advantages. (1) Having a single cooper ative member's pur chasing
department handle all of the bidsfor all of the members provides a savingsin both time and personnel. (2) Buying as a
cooper ative group does increase the total volume of lime used, increasing the purchasing power of the membersand
can result in areduction in thelime price. (3) Also, buying within the cooper ative enables the smaller membersto
increase their market share and purchasing power. However, there are a number of reasons why cooper atively buying
may not provide the best price despite the higher total market share.

1. Theassumption isthat increasing the market share will always provide the best price. Thisworksto a point,
however, when a cooper ative beginsto get too large the number of lime suppliers ableto supply the high
volume decr eases, thus competition is actually reduced. Eventually, a cooperative can reach a point where only
one lime supplier can supply them, which leavesthem in a somewhat vulnerable position.

2. All priceincrease projections for the year have to be given to all of the members at the same time. When
cooper ative member s (especially municipalities) are bidding individually throughout the year a lime supplier
has the opportunity to " sharpen their pencil” on the next bid, if they lose the current bid. When bidding on a
cooper ative, the approach is" all or none", consequently, a lime supplier hasto factor in any potential price
increases and lock them in for ayear.

3. Large cooperatives tend to discourage the introduction of new lime competitors becauseall of thebusinessis
"locked up". If a potential lime supplier does enter the market and is able to win the cooper ative bid, they have
no assurance that they will have the bid the next year, even if there are optional extensionsto the contract.

Generally, moder ately sized market shar e cooper atives appear to successfully gain pricing advantages and do not
seriously deter competition. Extremely lar ge cooperatives, on the other hand, appear to offset the cooperative
advantages by deterring competition and the introduction of new lime competitors.

Top

4. Wearetrying to determineif it would be better for usto go with a multiple year contract for our
lime requirements, rather than a single year. What are the advantages and disadvantages?

Many industries and municipalities have an annual contract for lime. One of the advantages of thistype of contract is
that it forces alimeuser's purchasing department to review the current market for limein a one year cycle. Another
important advantage isthat it keeps all of the lime companiesinterested since they have an opportunity each year to
go after the business.

Contract Extensions: Municipalities, and some industries, will provide for annual extensions, sometimes up to three
years, if both partiesarein agreement. The general assumption isthat holding the price for another year isalways
good for the organization. Thisis not alwaysthe case. In some instances, a lime company hasrecently lost a contract
and needs toreplace that lost tonnage. I n those cases they may bid mor e competitively to replace the lost business.
Also, the pricesin the lime market do follow cyclical patternsasaresult of changesin the economy, aswell asthe
introduction of new kilns. Those industries and municipalities, who have nearly automatic contract extensions, often
miss out when the market price does decline.

Multiple Year Contracts: When considering the duration of alime contract it's often appealingtotry tolock in a price
for two or threeyears, with limited escalationsin price being allowed on an annual basis. In addition to the price
advantages, the pur chasing department reduces the number of RFQs (request for quotes) that it hasto be involved
with. Thelime user feelsthat they've locked in a supply of lime at a predictable price, however, what often happensis
that thelime users, with the three year contract, are" out of the loop", with regard to market changes. Since they tend
to becomeidentified with a particular lime supplier they may find themselves removed from the " active prospects’
list of other lime companies, which indirectly tends to reduce competition. Some companies, who have two and three
year contracts, may also find themselvesin a difficult situation in a tight lime market since alime company isless
interested in helping out alime user who offers little or no opportunity for future business.

Recommendation: Whenever possible, an annual (twelve month) time frame will often provide the best contract period
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for many businesses. The lime user will be monitoring the market for lime, at least on an annual basis, and the current
lime supplier will always haveto " beon their toes" with regard to price, service and the lime market. Most successful
lime users want to make certain they're paying a fair pricefor their limetoinsure that they have good, dependable
suppliers. If an option for multiple yearsisneeded it's generally best to have annual extensions, subject to approval by
both parties. Thisallowsthelime user to avoid multiple years of a high priced limein a declining market, and allows
thelimesupplier tolimit their exposuretoalow pricein arising market. The downside to an annual contract isthat it
doesrequire that the purchasing department monitor the price of lime morefrequently.

Top

CHEMICAL & TESTING:

1. Lime companiesrefer toa” Typical Chemical Analysis'. What does this mean and why isit not
referred to as a specific chemical analysis like the reagent grade chemicals | buy?

All industrial limeis produced from quarried limestone (or in some cases oyster shells), which has naturally occurring
impuritiesin it. Many companies wash the stone beforein goesinto the kiln, however, any impuritiesin the [imestone
itself will appear in the quicklime. Much of the contral of the quality of the quicklime can be affected by how well the
material is quarried. Thevein of limestone being quarried is constantly monitored to insure that only the highest
purity is selected for the kiln. The quicklime produced is chemically analyzed, based upon standard statistical
sampling procedures, but the chemical analysis will vary to a degree accor ding to theway nature left the limestone
deposit. Thisiswhy most companiesrefer toa "typical chemical analysis." There are minimum and maximum
chemical limitsto the various components of the lime, but within theselimitations the chemical analysiswill always
vary to some degree. (Note: Lime can be produced from oyster shells, which have a very high purity of calcium
carbonate, however, this source of kiln material is declining, having been almost completely replaced by quarried
limestone.)

Top

2. What are the standard tests used to determine the percent of available lime (CaO%) of quicklime
and how do they differ? (ASTM C25 and AWWA B202)

The two most widely used standard testsfor available lime, used in both the private and public sectors, are the ASTM
C25 (American Society for Testing and Materials standard) and AWWA B202 (American Water Works Association)
tests. Both of thesetests use the Rapid Sugar Method with the only significant differ ence between them being the
normality of the acid solution and the sample weight. Both tests require a specified sample weight and specified acid
normality such that 1 ml of the volume of acid used equals 1% CaO. This makesit convenient for lab personnel since
they can simply read the number of milliliters (ml) of acid used from the burette, which isthen equal to the available
lime per centage (CaO% ). (Lime users and producers may modify thetest slightly with regard to the sample size and
acid normalities. In those cases the available lime per centage is deter mined by simple calculations. See Modified
Procedures shown below.)

Acid Normality and Sample Size: In the case of the ASTM C25 test, a 1.000 N HCI is used, which resultsin a
requirement of exactly 2.804 grams of the sample of calcium oxide (CaO). In the case of the AWWA B202 test, 0.1782
N HCI acid isrequired and the sample must be exactly 0.500 grams. (The acid solution for the AWWA B202 test is
usually prepared by the lab personnel since acommercial, standard solution at 0.1782 N is not readily available.) Care
must always be taken in preparing any standard solution toinsurethat it is as accurate as possible since an incorrect
acid normality will result in inaccurate CaO% deter minations. Both the purchased and prepared standard solutions
should be periodically checked to insure that they are accurate.

Generalized Test Procedure: Thelaboratory stepsin thetwo tests are very similar. The sample of quicklime (CaO-
Calcium Oxide) is pulverized, then the desired weight is measured into a flask which contains a specified amount of
water. The flask is placed on a hot plate and a specified amount of additional boiling water isadded. The flask is
swirled and boiled for a minute, then removed from the hotplate. Theflask is placed in a cold water bath to codl it to
room temperature. (The solubility of limeisinversely proportional totemperature.) Sugar isadded, then theflask is
swirled and allowed to stand for 15 minutes, with periodic additional swirling to allow the sugar and lime reaction to
take place. Phenolphthalein solution is added as an indicator, and the sampleistitrated until the first disappearance
of the pink color that lasts for at least three seconds. The buretteisthen read to determine the available calcium oxide
percentage. (CaO%).

Modified Procedures: Arethesetest procedures ever modified by lime users and producers? The answer is yes, however,
theonly thing that isusually changed isthe sample size and/or the normality of the acid. The lab procedures,
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including the addition of sugar toincrease the solubility of calcium hydroxide, are not changed. Keep in mind that
both the ASTM C25 and AWWA B202 tests are designed to enable the lab personnel toread the available lime

per centage from the burette. The drawback to thisisthat the sample must be weighed to a very specific weight. All
forms of quicklime (pebble, granular or pulverized) immediately begin to undergo air slaking when exposed to any
moisturein theair. Thissimply meansthat the moisturein the air reacts with the quicklime to form calcium
hydroxide. This process occurs all thetime, but hasits greatest effect when the sample hasbeen pulverized to a
powder. The surface area of the quicklimeisincreased dramatically, which increases therate of air slaking. Weighing
the sample to a very specific, designated weight requiresthe lab personnel to take extra timein weighing, during
which air slaking of the sampleis occurring. Dependent upon the extra timerequired, the sample weight can change.
Car e should always be taken to insure the sampleisweighed as quickly as possible. To minimize air slaking, a sample
can be weighed exactly, at aweight closeto the " targeted weight”, then titrated with a commercially available,
standard solution. Thelab test procedureswill bethe same, however the available lime (CaO% ) will need to be
determined by calculation, using the amount of acid used and the exact weight of the sample. Lime usersand
producerswill often modify the test in thisway since it will generally produce more accurate results, however, you do
lose the convenience of simply reading the available lime per centage (CaO% ) as the milliliters of acid used.

Top

Why is sugar added when running the standard titration for the percent of available lime (CaO%)
in quicklime? (ASTM C25 and AWWA B202)

Thereason that sugar isadded to the sample of quicklime after it has been added towater, isto increase the solubility
of calcium hydroxide that wasformed from the reaction of water and quicklime. Thisallowsthe lab technician to
titrate quickly and isthereason the test isreferred to as the Rapid Sugar Test for Available Lime.

The solubility of calcium hydroxidein water is quite low, with a range of 0.185 grams per 100 grams satur ated
solution at 0° C to 0.071 grams at 100° C. (Notethat the solubility decreases with an increase in temperature.) Asthe
sampleisstirred, a suspension of calcium hydroxide ismaintained (milk of lime). Asyou titrate the calcium hydroxide
in solution, more will dissolve. Since most of the calcium hydroxide exists as a solid in suspension, it cannot betitrated
until it has dissolved (gone into solution.) The titration processitself involves areaction of the acid with calcium
hydroxidein solution and will consume lime, allowing more lime to go into solution. However, this process can be
speeded up significantly by the addition of sugar. When sugar is added, an intermediate product is formed, calcium
sucr ate (calcium hydroxide saccharate) which is significantly mor e soluble than calcium hydroxide. For example; the
addition of 35 grams of sugar will increasethe solubility of the calcium hydroxide from 0.159 to 13.332 grams per 100
grams of saturated solution at 25°C; which is a solubility factor increase of 84.

What happensif you don't add the sugar as prescribed in the test? The acid has to be added relatively slowly to allow the
calcium hydroxide that isstill in suspension as a solid, to dissolve as calcium hydroxide that isin solution is
neutralized. The titration procedurerequiresthat you add acid until thefirst disappearance of color that lasts for
three seconds. If you've inadvertently added too much acid you've effectively created a chemical " buffer”. With excess
acid introduced, the phenaolphthalein pink color will disappear, and the excess acid will react with any calcium
hydroxide going into solution with theresult that the disappearance of color can persist for three seconds, indicating
anincorrect end to thetitration. The amount of acid used may be determined to belessthan it should be and the
resultant calculation (or reading from the burette) will indicate an available lime percent lower than the true value.

A number of companies titrate the calcium hydroxide without adding sugar and are comfortable with this. The
addition of sugar in the standard test procedure was developed to insurethat the endpoint of thetitration could be
reached as quickly and accurately as possible, thus providing the greatest accuracy in the availablelime
determination. Those industries who currently do not add sugar in the test for available lime, and who have processes
that can be significantly affected by fluctuationsin the available lime deter minations, may want to consider the
addition of sugar to their testing procedure. Both ASTM and AWWA provide very detailed procedures and
equipment requirements for testing both quicklime and hydrated lime. Please contact them directly for their industry
recogized and accepted standard test procedures: (ASTM C25 - AWWA B202.)

Top

When | obtain a sample of quicklime from a truck or railcar for testing for the percent of
available lime (CaO%) do | need to seal the container?

Yes, it'svery important to place the quicklime sample in a sealed container. Quicklimeis highly reactive with water
and, when exposed to air that has maisturein it, will undergo air slaking, which means that the quicklime (calcium
oxide)isreacting with moaisturein theair to form hydrated lime. Any portion of the quicklime sample that has reacted
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with moisturein the air (water) will be converted to hydrated lime, which has a weight that is 1.32 times as heavy as it
was as quicklime. The overall weight of the sample will beincreased, which will tend to reduce the available lime
percent determination. The degree to which the sampleis affected isa result of themoisture in the air. To avoid the
possibility of the sample being affected by air slaking, the sample should be sealed until it isto be tested.

When obtaining a sample of hydrated lime the sample should also be sealed, primarily to keep the sample clean and
free of debris. The hydrated lime does not react with moisturein the air sinceit has already been converted from
quicklimeto hydrated lime. Over an extended period of time, however, the hydrated lime (calcium hydroxide) will
react with carbon dioxide in theair to form calcium carbonate. As a general rule then, all lime samples, whether
quicklime or hydrated lime, should be in sealed containers.

Top

What are the CAS numbers for quicklime and hydrated lime, and what does CAS mean?

The CASnumber for quicklimeis 1305-78-8 and the number for hydrated limeis 1305-62-0. A CAS number refersto
Chemical Abstracts Service Registry Number and identifies a chemical. For example, the same CAS number would be
used for quicklime and calcium oxide, since they are the same compound. The CAS number, however, tells nothing
about the concentration of the chemical. (The Chemical Abstracts Serviceisa division of the American Chemical
Society.)

Top

What is meant by quicklime that has been " drowned" ?

Tounderstand thisit'simportant to keep in mind that then when quicklime (CaO) reacts with water it forms
hydrated lime (calcium hydroxide) which isonly slightly solublein water. (0.159 grams per 100 grams of saturated
solution at 250 C.) A " pebble" of quicklime, when exposed to water, will readily react and break apart duetothe
swelling that occurs as aresult of the larger sized crystalsof calcium hydroxide that are formed. Asthis occurs, more
water enters the pebble, producing more hydrated lime, and so on. If the quicklime" pebble" isin the presence of too
much water a phenomenon known as" drowning”" can occur.

What happensisthat, although the quicklime (calcium oxide) on the surface of the pebble convertsto calcium
hydroxide (hydrated lime), the excess water can absorb the heat generated in thereaction and result in adelay in the
hydration process. I n addition, the calcium hydroxide on the surface, because of it's limited solubility in water, will
tend to block the exposur e of additional water to the quicklime within the pebble, resultingin a delay or cessation of
the hydration reaction. Quite often, the " drowned" quicklime will beremoved from the slaker as" grit", which will
later undergo hydration in the grit pile. To avoid " drowning the quicklime" it isimportant to operate the slaker at
both the correct water tolimeratio, and at the optimum water temperature. A lime user who noticesan increasein
theamount of grit, which appearstoreact later in the grit pile, may find that they're experiencing the phenomenon of
"drowning" the quicklime.

Top

What are the STCC, CAS and EPA reference numbers for quicklime (Calcium Oxide-CaO) and
hydrated lime (Calcium Hydroxide-Ca(OH)»)?

All of these numbers are needed at one time or another. The STCC refersto Standard Transportation Commaodity Code,
the CAS refersto Chemical Abstract Service and the EPA refersto the Environmental Protection Agency. For your
referencethe numbers are as follows:

Reference Quicklime Hydrated Lime
STCC 32-741-10 32-741-11
CAS# 1305-78-8 1305-62-0
EPA# A350-2789 S349-3522

Chemical Name calcium oxide calcium hydroxide

Formula Ca0 Ca(OH)2
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Molecular Wgt 56.08 74.09

Mol. Wgt. Ratio 1 1.32

Note: Included in thetable above are the molecular weights for both quicklime and hydrated lime. Hydrated lime is
produced from quicklime by a reaction with water. Using the molecular weights as a ratio, 56.08 tons of calcium oxide
will react with 18.01 tons of water (molecular weight) to produce 74.09 tons of hydrated lime. Theratio of calcium
oxide to calcium hydroxideis 1:1.32, so atruck of quicklimeis equivalent to 1.32 trucks of hydrated lime. This
information is useful in determining the cost benefits of quicklimevs. hydrated lime, and whether the savingswarrant
going to quicklime.

Top

| have completed the available lime test for CaO% and am concerned about a low test percentage.
How can | tdl if my quicklime sample has undergone air slaking?

When a quicklime sampleistaken from atruck or railcar it'simportant that the sample be obtained from beneath the
surface. Quicklimeisvery reactive with water and will readily react with moisturein theair. Depending on how long
the top hatches were open during the loading process, as well as the humidity, the surface of the quicklime will become
air slaked, or converted to calcium hydroxide from moisturein theair. The amount of quicklimethat air slakesis very
minimal compared to the total amount of quicklime in thetruck or railcar, however, if asample of quicklimeistaken
from the top surface, then the amount of air slaked quicklime could be high relative to the sample size.

An unusually Low CaO% may indicate air slaking: A theoretically pure quicklime, CaO (56 Ibs.) will react with water
H»0 (18 Ibs.) to produce calcium hydroxide, Ca(OH)» (74 Ibs.). If the sample were absolutely pure quicklime, then the
available CaO% would be 100% . If the same sample wer e to be completely air slaked, then the available lime would
ideally be 75.7% (56/74). Per cent readings near thisrange can be an indication that the sample may have become air
slaked. A sample taken should be sealed, and tested relatively soon to avoid issues of air slaking. Also, once a sampleis
pulverized for testing, the sampleisvery proneto air slaking so the weighing of the sample should be completed
quickly to avoid air slaking. Air slaking adds weight (water chemically reactswith quicklime) to the sample, and
steadily causes areduction in the availablelime CaO% values.

If the available lime per cent readings ar e unusually out of linewith what you normally receive are-test isadvised. To
be surethe sampleisnot theissue you will want to obtain another sample from thetruck or railcar, underneath the
surface, otherwise you find that you are just be re-testing a compromised sample. Also, it'simportant to becertain
that theacid used in thetitration is correct. Because these are prepared locally, it'simportant to make surethat an
error has not occurred.

Top

What is the correlation between the Available Ca0O% in Quicklime, CaO and the CaO% Equivalent
in Hydrated Lime, Ca(OH)»?

The term Available Limerefersto the percent of CaO in asamplethat is available as CaO. Because quicklimeis
produced from the heating of calcium carbonate that occursin nature, it will have someimpurities that are dictated
by the nature of the geological deposit. Also, in the process of producing quicklimethere will always be some calcium
carbonate core due to having to heat irregularly shaped and varying sized rocks of limestone. In some chemical testing
of lime the CaO in the calcium carbonate coreisincluded and isreferred to asthe Total CaO. This percentageis
generally higher than the Available CaO sinceit includesthe CaO that is chemically bonded in the calcium carbonate
core.

The " Rapid Sugar Test" for available lime, either the ASTM C-25 or AWWA B202 version, isusually the chemical
test that isused to determine the availablelime in a sample of quicklime or hydrated lime. In atheoretically pure
sample of quicklime, devoid of all naturally occurring impurities, and with an unrestricted time period to convert the
limestone to quicklime with heat, you would have an ideal available lime of 100%. The available lime per centages
generally experienced in the commercial market for high calcium quicklime typically require a minimum of either
90% or 92%, depending on the industry. M ost lime companies have available lime values higher than 92% .

In the reaction to convert quicklimeto hydrated lime; CaO + H50O --> Ca(OH) you are essentially doing the

equivalent of taking 56.08 |bs of CaO (mw-molecular weight) and 18.00 Ibs of water (mw), and reacting them to
produce 74.08 Ibs. (mw) of calcium hydroxide. Based upon the purity of the sample, an approximate comparison can
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be made between the available CaO% of the quicklime and the expected CaO% equivalent in the hydrated lime. It

can be seen from the chart below that the highest CaO equivalent possiblein a 100% pure sample of calcium
hydroxide would be 75.

7%.

Quicklime Available CaO% vs CaO Equivalent in Hydrated Lime

Quicklime
Avail. CaO%

Isusing thistableit'simportant to keep in mind that the process of hydration is not perfect, so that someloss of
available CaO% can occur. Because of this thetable should be viewed only asa general guideline.

100%
99%
98%
97%
96%
95%
94%
93%

Hydrated Lime,

CaO Equiv.
75.7%
74.9%
74.2%
73.4%
72.7%
71.9%
71.1%
70.4%

Quicklime
Avail. CaO%

92%
91%
90%
89%
88%
87%
86%
85%

Hydrated Lime,
CaO Equiv.

69.6%
68.9%
68.1%
67.4%
66.6%
65.8%
65.1%
64.3%

10. Asl understand it, hydrated limeis only slightly soluble in water and the solubility is inversely

proportional with temperature. What is the actual solubility of hydrated lime in water with
temperature? Also, how is the solubility of quicklime determined since quicklime reacts with

water to form hydrated lime and is not in its original form in a water solution?

Although hydrated limeisonly slightly soluble in water, as can be seen in the chart below, the effectiveness of the
solubility isincreased by the suspension in water of the very small particles of hydrated lime that were formed during

the hydration process. This suspension (slurry) of lime dramatically increases the dissolving process. Also, the
solubility of limein water isinversely proportional with temperature. The chart below showsthis

temper atur e/solubility relationship and it's apparent that the highest solubility of limeisat the freezing point of water
and the lowest is at the boiling point water.

TOoC
0
10
20
25
30
40

0.185
0.176
0.165
0.159
0.153
0.140

Solubility of Limein Water

CaO
0.140
0.133
0.125
0.120
0.116
0.106

TOoC
50
60
70
80
90
100

Saturated Solution - grams per 100 gms of solution
Ca(OH)»

Ca(OH)»
0.128
0.116
0.104
0.092
0.081
0.071

CaO
0.097
0.088
0.079
0.070
0.061
0.054

Determination of Solubility of Quicklimein Water: Since quicklime calcium oxide (CaO) cannot exist in water in the

oxide form, the solubility of CaO in water isbased on the calcium oxide equivalent of CaO in Ca(OH),. The values for
the solubility of CaO in water, shown in the chart above, represent the amount of CaO that iswithin the dissolved Ca
(OH),. Thecalculation for theratio of CaO in Ca(OH), appears below:

11. Since magnesium carbonate is chemically very similar to calcium carbonate why doesn't

CaOo

56.08 mw

Ca(OH)»

74.08 mw

= 0.757

Top
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magnesium oxide and magnesium hydroxide have the exact same chemical properties as calcium
oxide (Quicklime) and calcium hydroxide (Hydrated Lime)?

M agnesium appear s above calcium on the Periodic Table of Elements (see below) and has an atomic number of 12 and
amolecular weight of 24.32, whereas calcium has an atomic number of 20 and a molecular weight of 40.08. Both have
achargeof +2 asan ion after two electrons have been removed from their s-orbits. Thisisthe maximum number of
electronsthat can be removed from their s-orbital, which can hold can hold only two electrons, so both undergo
similar reactions with other elements and chemical groups. Even though the charge appearsto be identical, the

" effective charge” issomewhat different and accountsfor the differencein reactivity, asisdescribed in the following
paragraphs.(For additional on the energy levels, sublevels and orbitals of atoms see the Chemistry Reference Note
section that appearsjust below the partial Periodic Table of Elements at the end of thissection.)

There are two factorsthat come into play with regard to the " effective charge” of the Ca*2 and Mgt2 ions:

(1) Although both calcium and magnesium ions have a +2 char ge, the distance from the ionic extremity (border) tothe
+2 charge at the nucleusis different. In the case of magnesium, the size (radius) of theion is smaller (0.66 Anstrom
units) than that of calcium (0.99 Anstrom units). Theincreasein the size of the calcium ion is due to the addition of
another energy level. Consequently, the distance from the +2 chargeto the extremity of the ion in the magnesium ion
isshorter by about 33% then the distancein calcium. The shorter distance meansthat the electrostatic attraction
between the magnesium ion (+2) and the oxygen ion (-2) isstronger than that of the bond between the calcium ion (+2)
and the oxygen ion (-2). Note that, in both cases, the +2 char ge offsetsthe -2 charge and resultsin the neutral
compounds of CaO and MgO. However, the inherent elemental differences (number of protons and electrons) between
the elements of calcium and magnesium, result in a differencein their ease of ionization (removal of electrons) and
their ability to chemically combine (strength of their electrostatic forces) with other elements and compoundsin
reactions.

(2) Also, in the case of the calcium ion, even though the charge isthe same as that of magnesium, the +2 charge at the
nucleus of the calcium ion hasto go through more electrons, eighteen (-18), compar ed to the magnesium ion which has
a +2 charge, but only hasto go through ten (-10) electrons. Thisreduces the overall attraction (strength) that the
calcium ion (+2) hasfor other elements and chemical groups as compared to magnesium.

Effects on Solubility: Because of this effectively " weaker" +2 charge, the solubility of calcium hydroxide is greater
than magnesium hydroxide. The water molecules clustering around the calcium hydroxide compound have enough
force (Van der Waals force) to dissociate the compound into a calcium (+2) ion and two hydroxy! (-1) ions, although
not to a great degree, which accountsfor the limited solubility of calcium hydroxidein water. In the case of
magnesium hydroxide, the attraction of the magnesium +2 ion and the hydroxyl -1 ion istoo great for the water
molecules to over come, and the magnesium hydroxide remains mostly out of solution.

The difference between calcium and magnesium can be readily seen on the Periodic Table of Elements. Although
calcium isjust below magnesium vertically, there are six elements between them horizontally. Natur e does favor
calcium carbonate and magnesium car bonate occurring together, so even deposits of high calcium limestone will have
some magnesium carbonate mixed in, which isconsidered a " naturally occuring impurity."

For compar ative purposes, Mg(OH)- has a solubility of 0.0042 grams per saturated solution, which can be considered
insolublein water. Furthermore, the reaction of MgO with water is not highly excthermic, so MgO will stay in water

as"grit". CaO, however, will quickly convert tothe hydrated lime form in a dramatic exothermic reaction. MgO can
be forced to react more quickly with increased pressures and temperatures. For reference, a partial Periodic Table of
Elements appear s below:

Periodic Table of Elements (Partial)
Elements 1-109

T 1 2
1l H He
| ]| 2.008 4.08
T 3 4 5 6 7 8 9 |[ 10
2| Li Be B C N (0] F Ne
| || 6.94 || 9.01 10.81 || 12.01 | 14.01{| 16.00|| 19.00 || 20.18
(T 12 |[ 22 B[] 7] 18
3|| Na || Mg Al Si P S Cl Ar
| |[22.99]|24.31 26.98[28.091|30.97(|32.06||35.45 || 39.95
[ I I I I | I I I I | I I I I I I I |




7

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10/(40.08| 44.96 || 47.88 (| 50.94 || 52.00 || 54.94 (| 55.85|| 58.93 || 58.69 || 63.55 || 65.38 |[ 69.72 || 72.59|[ 74.92|| 78.96 |[ 79.90 || 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb || Mo || Tc Ru Rh Pd Ag Cd In Sn Sbh Te | Xe
85.5 || 87.6 || 88.9 || 91.2 || 92.9 || 95.9 || (99) |[101.0|[103.0|[106.4]|107.9]|112.4|/114.8||118.7 (| 121.8| 127.6(| 126.9|| 131.3

55 56 57* 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Ti Pb Bi Po At Rn
132.9|(137.3]( 138.9|( 178.5|( 180.9|| 183.9|( 186.2{| 190.2|( 192.2|( 195.1 || 197.0 || 200.6 || 204.4 || 207.2 (| 209.9 | (209) || (210) || (222)

87 88 || 89+ || 104 || 105 || 106 || 107 || 108 || 109
Fr Ra || Ac Rf Ha Sg Ns Hs || Mt
(223) |[ (226) || (227) || (261) || (262) || (263) || (262) || (265) || (267)

|The Lanthanide and Actinide Seriesare shown below:

58 59 60 61 62 63 64 65 66 67 68 69 70 71
L anthanide Series* Ce Pr Nd || Pm |[ Sm Eu Gd || Tb Dy Ho Er Tm || Yb Lu
140.1(|140.9|( 144.2|| (145) |[ 150.4 || 152.0|| 157.3 || 158.9 || 162.5|| 164.9(| 167.3]( 168.9(| 173.0] 175.0

90 91 92 93 % 95 9% 97 98 99 || 100 || 101 || 102 [ 103
Actinide Series+ Th Pa U Np Pu || Am || Cm || Bk Cf Es || Fm || Md || No Lr
232.0(|231.0(|238.0(| 237.0|| (244) || (243) || (247) || (247) || (251) || (254) || (257) || (258) || (259) || (260)

Element Reference At 250C
Atomic No. |Alkali Metals |||[Metalloids | Sdlid
E{/ﬁrﬂn&‘r |AIkaIineEarth Metals| |N0nmeta|s | Liquid
Atomic Wagt. |Transiti0n Metals | |HOIgens |
|

|Post Transition Metals| |N0b|e Gases

For compar ative purposes, Mg(OH)- has a solubility of 0.0042 grams per saturated solution, which can be considered

insolublein water. Furthermore, the reaction of MgO with water is not highly exathermic, so MgO will stay in water
as"grit". CaO, however, will quickly convert tothe hydrated lime form in a dramatic exothermic reaction. MgO can
be forced to react more quickly with increased pressures and temperatures.

Chemistry Reference Note
PRINCIPLE ENERGY LEVELS, SUBLEVELSAND ORBITALS

Calium and Magnesium lons:

Both calcium and magnesium have two electronsin an s-orbital. In the case of magnesium, the two electrons arein its 3s
orbital (3rd energy level, 3sorbital). For calcium, the two electrons are in its 4s orbital (4th energy level, 4s orbital). Only
the electrons that are in the outermost Principle Energy Level of an element are available for chemical reactions
(chemical bond formation). Electrons in energy levels lower than the outermost energy levels have the electron
configurations (energy level structures) of noble gases, which are completely stable and do not chemically react under
normal circumstances.

Principle Energy Levels, Sublevels & Orbitals:

There are seven Principle Energy L evels which correspond to the horizontal rows on the Periodic Table of Elements. At
the end of each row is a noble gas. The noble gases are He-Helium, Ne-Neon, Ar-Argon, Kr-Krypton, Xe-Xenon, and Rn-
Radon. (Although Radon does not react chemically, it's nucleus is unstable so it is radioactive. It is formed by the natural
breakdown of uranium in soil, rock and water.) Within each Principle Energy Level are sublevels designated as s,p,d,f.
Within each of these sublevels are orbitals, and each orbital can contain two electrons. Note that not all Principle Energy
Levels have all of the sublevels. The number of orbitalsin each sublevel increases from s,p, d through f. The orbitals
represent a three dimensional space in which the two electrons exist.The s sublevel has a single spherical orbital and the
p,d and f sublevels have dumbbell shaped orbitals in which each of the two electrons occupy opposite ends of the
dumbbell. Thisis somewhat of an oversimplication, but it helpsin visualizing orbitals. The p, d and f orbitals are what
gives structure and shape to molecules (compounds).
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Energy Level - Possible Sublevels:

Max number of electrons in sublevels:
s= lorbital x 2 electrons = 2 total

p = 3 orbitals x 2 electrons = 6 total

d = 5orbitals x 2 electrons = 10 total
f =7 orbitals x 2 dectrons = 14 total

Long Form:

Period 1: 1s? = [He]

Period 2: 152 - 2s2p6 = [N¢]

Period 3: 152 - 2s2p6 - 352p6d10 = [Ar]

Period 4: 152 - 252p6 - 32p€d10 - 452p6d10f14 = [Kr]

and are completely stable.

Short Form:

Period 1: 1s? = [He]

Period 2: [He] + 2s2p6 = [Ne]
Period 3: [Ne] + 3s2p6d10 = [Ar]
Period 4: [Ar] + 4s2p6d10f14 = [Kr]
Period 5: [Kr] + 552p6d10f14 = [X €]
Period 6: [Xe] + 6s2p6d10 = [Rn]
Period 7: [Rn] + 7s2p6

1s- 2sp - 3spd - 4spdf - 5spdf - 6spd - 7sp

Actual order of electrons filling sublevels: (Increasing Energy)
1s-2sp-3sp-4s-3d-4p-5s-4d-5p-6s-4f-5d-6p-7s-5f-6d-7p

Energy Level - Sublevels- Theoretical & Actual Electron Configurations:

The order of the orbitals shown below is not necessarily the order in which they actually appear in elements due to
differencesin the energies of orbitals. However it useful to view them in this simplified way for reference purposes.

Period 5: 152 - 252p6 - 352p6d10 - 452p6d10f14 - 5526110714 = [X¢g]
Period 6: 152 - 252p6 - 352p6d10 - 482p601014 - 52p6d10f14 - 6s2n6d10 = [Rn]
Period 7: 152 - 2s2p6 - 352p6d10 - 4s2p6d10f14 . 55260 10f14 - 652p6d10 - 7526

Theoretical order of electrons filling sublevels: (Increasing Energy)

The following Short Form of indicating electron configurations helps to highlight why only the outermost energy level
participates in chemical reactions. Note that the inner energy levels are identical to the noble gas electron configurations

Building the Periodic Table of Elements: The Periodic Table of Elements can be built by starting with Hydrogen and
adding one proton and electron, and continuing on through the elments. As the elements get larger, more neutrons are
required to stabilize the nucleus, which will increase the weight of the element, however, the identity of element is
determined only by the number of protons. The neutrons are not involved with normal chemical reactions. In viewing
the Actual order of electronic configurations, it can be seen that the s orbitals are more stable than the d and f and will
fill earlier than the d and f sublevels of lower energy levels.

Top

12. What isthe ASTM Standard C-977 and does the lime produced by Cheney Lime & Cement

Company meet this specification?

The ASTM C-977 isthe ASTM standard specification for quicklime and hydrated lime used in sail stabilization. The
quicklime and hydrated lime produced by Cheney Lime & Cement Company meets the specifications of ASTM

Standard C-977.
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Top

13. Lime companiesrefer to a" Typical Chemical Analysis'. What does this mean and why is it not
referred to as a specific chemical analysis like the reagent grade chemicals | buy?

All industrial limeis produced from quarried limestone (or in some cases oyster shells), which has naturally occurring
impuritiesin it. Many companies wash the stone beforein goesinto the kiln, however, any impuritiesin the [imestone
itself will appear in the quicklime. Much of the contral of the quality of the quicklime can be affected by how well the
material is quarried. Thevein of limestone being quarried is constantly monitored to insure that only the highest
purity is selected for the kiln. The quicklime produced is chemically analyzed, based upon standard statistical
sampling procedures, but the chemical analysis will vary to a degree accor ding to theway nature left the limestone
deposit. Thisiswhy most companiesrefer toa "typical chemical analysis." There are minimum and maximum
chemical limitsto the various components of the lime, but within theselimitations the chemical analysiswill always
vary to some degree. (Note: Lime can be produced from oyster shells, which have a very high purity of calcium
carbonate, however, this source of kiln material is declining, having been almost completely replaced by quarried
limestone.)

Top

14. With regard to the NAFTA Certificate of Origin, what does the HS Tariff Classification Number
mean and what are the HS Tariff Classification Numbers for quicklime and and hydrated lime?
Also, what does the Preference Criterion mean?

The"HS" in HS Tariff Classification Number refersto " Harmonized System" which is short for Harmonized
Commodity Description and Coding System. Thisisa system for classifying goodsin international trade. I n the case of
quicklime the number is2522.10 (" calcium oxide, obtained from the product of calcining natural materials"), and for
hydrated lime/slaked lime) it's 2522.20 (" calcium hydroxide obtained from the product of calcining natural materials").
For calcium oxide and calcium hydroxide that is not obtained from calcining natural materials, the HS code is the
samefor both products; 2825.90. (" calcium oxide and hydrated limein the pure state" ). The 2825.90 products can be
considered to be " reagent-grade” lime productsrather than " commercial-grade" lime products. Readingthe HS
number: (Example: quicklime 2522.10) The first two digits arethe chapter 2522.10, the third and fourth digits 2522.10
aretheheader, and thefifth and sixth digits 2522.10 are the subheader.

The Preference Criterion refersto a code designating the degree to which the products are coming from the country of
origin. In the case of quicklime and hydrated lime from Cheney Lime & Cement Company, all of the componentsare
USA based, so the designation would be " C". More specifically, from the NAFTA Certificate of Origin Instructions, a
Preference Criteria” C" refersto” The good is produced entirely in theterritory of one or more of the NAFTA countries
exclusively from originating materials."

Slaked Lime: In the description of calcium hydroxide productsin the HS Tariff Classification System, it can be a bit
confusing. In oneinstanceit will refer to calcium hydroxide as " hydrated lime", then another time as" slaked lime".
Hydrated lime produced from calined limestone (quicklime) can be thought of as simply a reaction of the quicklime
(calcium oxide, CaO) with the exact amount of water (H0) to produce a dry hydrated lime (calcium hydroxide, Ca

(OH)y). Theterm " dlaked lime" referstothereaction of quicklime with water to adry powder, aswell asthe addition

of excess water to produce a paste, slurry or milk of lime. Technically then, dry hydrated lime is also considered to be
slaked lime.

Top

15. What is the difference between the temperature scales of Celsius/Centigrade (°C), Fahrenheit (°F)
and Kelvin (°K) and how do | convert between these?

| Kevin & Celsius” Ceslius & Fahrenheit |
|K=C+273 ”C=5/9x(F—32) ||c:(o.556xF)-32|
|C=K—273 ”F=(9/5xC)+32||F:(l.8xC)+32 |

Fahrenheit - The Fahrenheit temper ature scale is based upon 32 OF as the freezing point of water and 212 OF asthe
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16.

17.

boiling point of water. (The Fahrenheit scale was devised by Gabriel Daniel Fahrenheit (1686-1736), a natural
philosopher who invented the mercury thermometer in 1714.)

Celsius (Centigrade) - The Celsius (Centigrade) temperature scale is based upon 0 °C as the freezing point of water

and 100 OC as theboiling point of water. The formulasto convert between Fahrenheit and Celsius (Centigrade) come
from the fact that thereare 180 degrees (212-32) between freezing and bailing in the Fahrenheit temperatur e scale, so
each degreein the Fahrenheit scaleis equal to 100/180 (or 5/9) of the Celsius/Centigrade scale. (The Celsius scale was
devised in 1742 by Anders Celsius (1701-1744), a Swedish professor of astronomy.)

Kelvin - The Kelvin temperature scale is based upon the physics of cooling a gas and represents an extrapolation of

the Centigrade temperature scale to -273 0C (or more accurately, -273.15 ©C) at which point thereisno longer any
motion of atomsor molecules; or put in thesimplest way, "thereis no heat". This point in the Kelvin temperature
scaleis assigned a value of 09K . For the Celsius (Centrigrade) temperatur e scale the freezing point of water would be
2730K and the boiling point would be 3739K. (The Kelvin temper atur e scale was developed by Lord Kelvin (1824-
1907), a British physicist.)

Top

When in contact with metal equipment does lime have any affect on iron or steel? Also, isthere
any affect on aluminum, lead, tin, brass or zinc?

Without water (H2O) being present, neither quicklime (CaO, calcium oxide) nor hydrated lime (Ca(OH),, calcium
hydroxide) react with metals. If water and quicklime are both present the water will first react with the calcium oxide,
converting it to calcium hydroxide (hydrated lime). When water is present in excess of theamount required to convert
quicklime (CaO) to hydrated lime, or the hydrated limeismoist or in aslurry, it isin aform that can attack metals.
Lime (quicklime or hydrated) does not react with (attack) either iron or steel. However, lime does react with (attack)
aluminum, lead, brass and zinc. Since lime does not attack iron and steel these metalsare generally used for lime
handling equipment.

Since the pneumatic trucks hauling lime (calcium oxide or calcium hydroxide) are made of aluminum alloy, the lime
does not have the same capacity to attack the metal asit would if they were made of aluminum. In addition, quicklime
actsasadesiccantin that it will react with any moisturein the tank preventing thelime from going into solution. In
the case of calcium hydroxide, any moderate amount of water will be electrostatically attracted to the hydrated lime,
which will also help prevent a solution of any sort forming. One of the best sources for information on the effect of
lime on metals comes from Robert S. Boynton's book the" Chemistry and Technology of Lime and Limestone", 2nd
edition, 1980, page 223, wher e he states the following:

" Effect on Metals. When in contact with metal equipment, lime does not affect steel or cast iron tothe slightest extend.
In fact, by coating these metals with alime whitewash, it acts as a conservation agent by protecting the metals from
oxidation. However, any form of lime or strong alkalin will disastrously attack and destr oy aluminum, except special
alkalineresistant alloys of thismetal. Lead and and brass are also readily attacked, and under some circumstances
limewill literally dissolve lead.”

Top

I understand that limestone (calcium carbonate and/or magnesium car bonate can be used to
neutralize a strong acid. Why can't | simply use limestone to raise the pH above 7.0 (neutral)?

A strong acid, such as hydrochloric acid (HCI), can react directly with various forms of limestone, (CaCO3, MgCO3
or CaCO3*MgCOg3). For example, thereaction of CaCO3 with HCI is: CaCO3 + 2HCI --> CaCly + HoCO3. The
carbonic acid produced is unstable and breaks down into carbon dioxide (gas) and water: H,CO3-> CO2 + H50.
However, CO5 issoluble in water and produces a weak carbonic acid, so you ultimately find that the neutralization of

a strong acid with limestone resultsin the generation of a weak acid. Consequently, you can never reach a point above
apH of 7.0.

Note: Carbon dioxide (CO5) which isa component of the atmospher e will combine with rainwater to produce
carbonic acid, HoCOs3, which can dissolve limestone over time. Also, sulfur dioxide (SO5) in theair can also dissolvein
thewater, which produces a strong acidic solution of HoSO4 (sulfuric acid). Thisresult of thisprocessisreferred to as
acidrain,
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SIZE:

1

Top

We are going to build a plant that will use quicklime and need to know which is the best quicklime
size to use in the design of our plant.

Quicklime Sizes: In the lime market that Cheney Lime & Cement Company serves, quicklime generally fallsinto one
of the following two size classifications: Pebble Quicklime and Granular Quicklime. Although lime suppliers have
various gradations of these two classificationsit is helpful to view pebble quicklime as a size that generally ranges
from about 1to 1/4inch, and granular quicklime from about 1/4 inch down. For the most part, the size quicklime that
dominates the market is pebble quicklime, and granular quicklime can be considered as availablein relatively limited
supply. Most lime companies further divide the pebble quicklime sizesinto subcategories: medium and rice quicklime.
Although there are slight differencesin the specific sizes between suppliers, you can consider the medium sizeto
generally be from about 1 to 1/2 inch, and therice size from about 1/2 to /4 inch. (Individual lime producerscan tell
you their specific sizeranges.)

Best Quicklime Size: In some situationsthe sizeis very clearly defined and the plant designer has no option. Usually
thisinvolvesthe major classifications of pebble and granular quicklime. However, within the sizes of medium and rice
size pebble quicklime, the plant designer has optionsto consider. From a product availability standpoint the best
design choiceisto make certain that the plant can run either medium or rice quicklime, and if possible also granular.
Thisis especially important if thereisa high demand for quicklime, whether on a continuous or emergency basis. The
following paragraph explainsthisfurther.

Product Availability Factor: The cost of quicklimeis very freight intensive, so quicklimeisusually considered a
regional product. Because of thisall of the quicklime used at a specific plant comes from a relatively close
geographical area. Whether that area has one producer, or multiple producers, all of the quicklime has to be
processed through kilns. In most lime production areasthere are often multiple kilnsin production. During
processing, the quicklimeis crushed and screened to generate the various sizes. If the available pebble quicklime sizes
in an area wer e evenly split between medium and rice, and your plant can only use medium, your available supply of
quicklime from producer swould only be half of what is actually produced. If you require a granular size quicklime
the situation becomes even more difficult since thisis considered to be a minor sizein the lime market.

Recommendation: It isrecommended that a new plant be designed to at least be ableto run either medium or rice.
The plant may not be ableto alter nate between truckloads of the medium and rice sizes, but in the event of alime
shortage, the plant would be able to switch sizes. It is not recommended that a granular size be used for a high volume
user, unless this sizeismandatory for the process, sincethis could severely limit product availability, especially during
peak demand periods.

Top

When | buy quicklime from different suppliers| sometimes have to adjust my system, even though
the size of the quicklime is the same. Why are there variations in quicklime from different
suppliers?

Although the high calcium quicklime received from different lime suppliersis essentially the same chemical (calcium
oxide), each deposit of limestone from which the quicklime is produced has naturally occurring impurities. These can
vary between suppliers because of different geological deposits, aswell asfrom different parts of the same quarry of a
single company. Because of this, there areinherent differences between the quicklime from various lime suppliers.
Also, both the kiln operating characteristics and the type of fuel mixture used can be a factor. If each lime supplier
uses a slightly different mixture of fuel (i.e. pet coke and pulverized coal) the effect on the quicklime produced can
vary slightly. In addition, there are different types of kilns used in the production of quicklime, each of which can
produce a quicklimewith slight differences. M ost users of quicklimein the market will not be awar e of any of these
slight differences, however, occasionally thereisalime user who findsthat their lime system is sensitiveto these. From
amarketing standpoint, it isin alimeuser's best interest to design their lime system to be able to use any good quality
high calcium quicklime, without regard to the factors of quarry source, kiln type, etc., since this will prevent them
being limited to only one supplier, or to one particular plant or kiln within a specific company.

Top

SILOS:
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1. Withregard to deliveries by truck or rail, how large a lime silo should we plan for in the design of
our plant?

Aswould be expected, thelime silo capacity is greatly affected by the specific needs of a company which will need to
be taken into account, along with the daily lime demands. From a transportation delivery standpoint there are some
things that can be useful to keep in mind. (Please be awar e that the suggestionsfor silo capacities shown in the
following paragraphs are approximate and are provided only to help you get an idea of the requirementsfor lime
delivery by truck and rail, and to see the differ ences between the two. Each plant design hasits own unique
requirements which should be carefully consider ed before the investment in stor age capacity is undertaken.)

Truck Delivery: A truck can generally be considered to hold about 25-30 tons of quicklime. The minimum freight
weight requirements are usually 25 tons for quicklime (50,000 Ibs) and 22 tonsfor bulk hydrated lime (44,000 |bs);
bulk hydrated limeislighter than quicklime. A weight of 25 tons/truck is useful to use asa general guideline sinceiit
will cover most shipments. Generally, you are allowed one to two hours for unloading atruck before a demurrage
chargeisapplied, based upon theindividual carrier's policy. Depending upon your demand for lime, any silo you
design should be able to hold no lessthan 2 trucks of lime (50 tons). If atruck is ordered when the silo getsto the point
whereit can hold afull truck, you avoid problems associated with demurrage. Thisis quite asmall silo, soit is
recommended that, dependent upon your requirements, you have a silo that can hold 4-5 trucks (100-125 tons) of
lime. The additional silo capacity will give you an added buffer in the event of unforeseen truck delivery problems.

Rail Delivery: A railcar can generally be considered to hold about 100 tons of lime. In our market area bulk hydrated
limeisusually not shipped in rail carsaside from PD cars (Pressure Differential cars), which are owned by the lime
user or lime supplier. Usually therailroad will allow you two days to unload a railcar. Depending upon your demand
for lime, the silo should be able to hold no less than 1-1/2 rail cars of lime (150 tons). Rail delivery timesare not as
specific astruck, soit'simportant to consider having additional silo capacity. A silowith 250 tons will enable you to
unload two carsinto a silo when lessthan 50 tons are remaining in the silo. Although your lime demands may dictate
your silo requirements, a silowith 500 tons capacity would enable you to have an added buffer for unforeseen rail
delivery problems. (i.e. arail car enrouteisset asidefor a day to berepaired, etc.)

Top

2. | amin the final planning stages for our lime silo and want to make surethat 1've have covered all
key points. I sthere something | need to be sure to check before ordering the silo?

The answer tothisisyes. It'svery important that the silo have enough product capacity. Quite often a silo isdesigned
to hold only one truckload of lime. This presents a problem because the lime user hasto wait until they're almost out
of limeto order sothat they can fit all of thelimeintothe silo. A lime company generally processesan order as" a
truckload of lime". Dependent upon whether it's quicklime or hydrated lime, the weight will vary due to the density of
thelime and/or the capacity of the pneumatic truck. In any case, it's a wise decision for the limeuser to have
additional capacity availablein thesilo so that a truck can be ordered and received without having to have the silo
completely empty.

One other very important point to be careful of involvesthe density used in the calculation of silosize. Theterm
"lime" refersto both quicklime/calcium oxide and hydrated lime/calcium hydroxide, however the density of the two
materials are significantly different. Generally, quicklimeis shipped as" pebble quicklime" whereas hydrated limeis
afine, white powder similar in consistency to" flour" . It'simportant to be sureto know exactly which product will be
goinginto the silo. Somelime users have used the density of quicklimein their calculations when they were actually
going to be using bulk hydrated lime. Theresult isa silo which will not hold a full truck of hydrated lime.

Top

3. | need to remove some lime that is currently in my silo. Does anyone do this and what are the type
of chargesthat | can expect?

Unlessit's not possible, the least expensive way to remove the lime from the siloistorun it through the system, even if
thishasto be done at a slower pace. If it's determined that the [ime must beremoved from thesilothereare
companieswho have trucks called self loading vacuum trucks which can vacuum out the dry product and then take it
to another location. To accomplish this afitting (approx. 4") hasto be placed on the opening at the bottom of the silo
sothat the truck's vacuum system can be attached. Some of the charges associated with thistype of operation are:

1. Chargeper miletoand from the site of thesilo.
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2. Chargetoclean thetruck before and after handling thelime.
3. Cost per hour for the actual operation.

Her e are two companies we are awar e of that can providethistype of service:

(1) Bulkmatic Transport, at Jacksonville, FL, 904-783-3500, M obile, AL, 251-694-0900, and (2) Fenn-Vac, Inc, at
North Charleston, SC, 843-552-8306. For pricing and availability of equipment please contact these companies
directly. If either of these companiesare not able to provide thisservicein your area, they should be ableto direct you
to a company near you. (Other companiesthat can provide the service of removing dry lime from a silo may contact
us at sales@cheneylime.com. We would be pleased to include their name and phone numbers here as a service to our
customersand other lime users.)

Top

4. How can | do aquick calculation of the cubic feet capacity of a silo? Also, how much quicklime, or
hydrated lime, can go in the silo?

When determining the size of the silothat you requireit's important to make certain that you use the correct density
for the product required. Asyou can see below, the density differ ence between quicklime and hydrated lime isvery
significant.

Example: The following calculations apply to a circular silo with a single cone at the bottom. The cylinder part of the
silois 20 ft. high and the cone part of the silo is5 ft. high. The diameter of the cone isthe same as the cylinder. The
diameter of thesilois 12 ft., sotheradiusis6 ft. (For silos having multiple cones, each cone would be calculated
individually based upon its diameter. The volume of all the cones would be combined with the volume of the cylinder.)

Formula for the
Volume of a Cylinder
vl=nr2h

Formula for the
Volume of a Cone
v2 = 1/3nr2h

n=314

h1 = 20 ft (cylinder height)
d = 12 ft (diameter)

r =6 ft (radius r = d/2)

n=314

h2 = 5 ft (cone height)
d = 12 ft (diameter)

r =6 ft (radiusr = d/2)

vl=3.14x36x 20
vl =2,261 . ft.

v2=13x3.14x36x5
v2 =188 «q. ft.

v3 = silo volume
v3=vl+v2
v3=2,261 + 188

v3 = 2,449 «. ft (silo volume)

|

Silo

hZ

1

Silo Product Capacity in Tons of Lime: To estimate the number of tons of quicklime, or hydrated lime, that a silo can hold simply

multiply the silo volume times the average anticipated Ibs./sg. ft and divide by 2,000 Ibs. Since both lime products can vary in density,
an approximate range can be used:

Approximate Densities of Limes
Pebble Quicklime = 65 to 70 lbs./cu.ft.
Hydrated Lime = 25 to 35 Ibs./cu.ft.

For reference: = (called "pi") is the ratio of the circumference to the diameter of a circle and is the same for al circles. It is
approximately equal to 3.14159... (The decimal expansion never ends and does not repeat.)

Top

SLAKERS:
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1. What isa" daker" and why can | not smply mix quicklime in a ssimple mixing tank?

Asageneral rule" pebble quicklime" requirestheuse of a slaker whereas " hydrated lime" can be mixed with a
standard mixer. To understand thisit helpsto visualize the pebble quicklime asidentical totheoriginal limestone
pebblesthat it was created from, except that it's about 44% lighter. (The carbon dioxide, produced during the
dissociation of calcium carbonate into calcium oxide and carbon dioxide, escapes through the porous limestone.)
When these pebbles drop into a simple mixer they goimmediately to the bottom of the container, reacting as they go.
A layer of "reacting rocks" builds up on the bottom of the tank and consumesthe water in the surrounding layer of
quicklime. Theresult isthat all of the quicklime may not react. Un-reacted quicklimethat getsinto a pipe can cause
problems because of the steam emitted asit convertstothe hydrated form. To avoid this problem, a slaker is used
which can bethought of asa" specialized mixer". The quicklime pebbles encounter a screw or paddles at the bottom
of thetank which insurethat all of the quicklime comesinto intimate contact with the water and completely converts
tothe hydrated lime. A slurry is produced, similar tothat used in a hydrated lime mixing tank, but it's essential that
all of the quicklime gets completely converted.

Top

2. Why does hydrated lime settle when the agitation stops? Why doesn't it all go into solution?

Hydrated lime (calcium hydroxide) is only slightly solublein water. The particle sizeis very small, so agitation of the
solution will keep the particles suspended until the agitation is stopped. The small size of the particlein suspension is
responsible for thereactivity of hydrated lime. Sincethe particle sizeis so small, the surface area of the hydrated lime
exposed to water increases dramatically. As hydrated lime (calcium hydroxide) in solution isused up in reactions,
additional lime goesin solution toreplaceit.

Top

3. | haveadaker, or other type of lime handling equipment, that requires a part that is no longer
available or manufactured. Is there a company who can make this part for meif | have the
drawings/specifications, or if all | have is the broken part(s)?

A company may have lime handling equipment that requiresa part that isnolonger made. The equipment may still
be in reasonably good shape, but the part is not available anymore; possibly due to being obsolete, or no longer
supported by the manufacturer. A company by the name of Anthoine Machines Works, Inc. in Fort Valley, GA (USA)
can reproduce the part from drawings or from the damaged part(s). The company was established in 1885 and has
been providing this service to companies throughout the world. Their phone number is 478-825-5613. They should be
ableto help you. If it isa type of work that they are not able to do they should be able to help direct you to someone
who can help you. (Generally stated, this company produces parts for equipment, both current and obsolete; custom
parts.)

Top

4. What isaLimeSlurry and are there other physical forms of hydrated lime and water? Also, is
there a formula that can be used in calculating the amount of lime and water to produce a certain
percent slurry?

Therearegenerally six physical states of hydrated limethat are used in industry. Other than the dry forms, the
differences involve amount of water mixed with the hydated lime. These six formsare:

Typeof Lime Solids Water
Dry Hydrated Lime 100% 0%
Lime Putty 70 - 55% 30-45%
Lime Slurry 35-25% 65-75%
Milk of Lime 20- 1% 80-99%
Lime Water 0% 100%
Air-Slaked Lime 100% 0%

When the exact amount of water isreacted with quicklime (CaO) it will chemically combine completely leaving a Dry
Hydrated Lime which is sold in bulk or 50 Ib. bags. Whether a customer orders quicklime or hydrated lime, in most
cases, they will ultimately be forming a colloidal suspension of hydrated limein theform of either aLimeSlurry or
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Milk of Lime. (Quicklime can be thought of as an inter mediate product which will ultimately be converted to hydrated
lime.) From an industrial standpoint limeis generally received by the customersin either bulk or bagsasadry
product (quicklime or hydrated lime). If quicklime isused it goes through a slaker to be converted to hydrated lime
and then dlurried. If hydrated limeisused it goesinto a mixture which producestheslurry. In either casethe
customer transportsthelime within their plant aseither aLime Slurry or asa Milk of Lime.

It isimportant to have lime in suspension (slurry) because of the low solubility of hydrated lime in water. Lime Water
isalime solution without solids, with theresult that, when the hydrated lime that isin solution is depleted, there aren't
any solid particlesto go into solution to replace the lime that has been used up. Thereis sometransportation of slurry
directly to customers by some lime companies, however, thisisarelatively small part of the lime business. Since a
large portion of slurry is water, the customer ends up having to pay for the transportation of water, which may offset
other savings associated with not having to make the lime slurry themselves. Also, moretrucks are required to deliver
the same effective amount of lime that can be delivered asdry hydrated lime. A standard formula (guideline) is used
to prepar e suspensions of lime (Lime Slurries and Milk of Limes) as follows:

Weight of Slurry Calculation

100-y + zy

X = Lbs. of lime slurry per cubic ft.
z = Specific gravity of dry lime solids
y = Percent(%) water in slurry.

Air-Slaked Limeisthereaction of moisturein the air with quicklime (CaO). Quicklimeis very hydroscopic and can be
considered a desicant. It will absorb and react with moisture in the areato convert to hydrated lime. Although this
reaction is exothermic, air-slaking does not generate much heat because the reaction takes place over an extended
period of time. The biggest problem from air-slaking comes from the effect on samples of quicklime. The reacted
water adds weight to the sample and decr eases the per centage of availablelime. Samples of quicklime should always
be sealed and tested rather quickly. Lime Putty can be thought of as athick, paste form of lime and water. Usually it is
prepared by customers and homeowner s who need the use of limein thisform.

Top
TRANSPORTATION:

1. When | receive a shipment of lime, by truck or rail, how long do | haveto unload it? Istherea
penalty if | exceed the time allowed, and what is meant by the term Demurrage?

Truck Delivery:

The time allowed to unload a truck, without penalty, varieswith each carrier. Generally, you are allowed one to two
free hourstounload a truck, depending on the carrier's policy. Thistime usually starts from the designated delivery
time, if there was a time specified. Otherwise, it isfrom the time the product was delivered to the plant. The penalty is
a per hour (or portion of hour) charge.

Rail Delivery:

In the case of hopper cars(rail delivery), you are usually allowed two daysfor unloading. Thereisa per day charge,
which begins to escalate each day the car is held from service. Each rail carrier has their own penalty time periods
and charges, so you will need to verify these with each rail carrier, asyou do with each of thetruck carriers.

Demurrage:

In the trucking and rail shipment modes The term demurrage refers to the penalty char ge applied to thetime period
beyond the free unloading time during which a penalty is applicable. This penalty is assessed because the truck, or
hoppercar, iswithheld from transit toits next destination or from the pool of available trucks or hoppercars.

Impact of Holding up a Truck: Although applicable to both truck and rail shipments, holding up a truck can have a
significant, immediate impact. The reason for thishasto dowith the availability of trucks. Often, a customer will have
arequirement for multiple daily truck shipmentstotheir plant. Depending on the shipment distance, and driver
hours, the morning truck may make a turn around and deliver another load in the afternoon. If the morning truck is

23-28



held up, it can result in a delay of thelater shipment, since it may be the same truck making that delivery. Trucking
companies assess a demurrage char ge/penalty to get trucksback into service quickly, aswell asto help offset the
expense of driver wages, since the truck has been removed from service until it isunloaded. In reality, the trucking
companies, as well astherailroad companies, do not want to have to char ge demurrage and would prefer to get their
truck or hoppercar back into service, sincethisis how their revenueisgenerated. The demurrage charge does little to
offset the lost revenue.

Historical origin and definition of theterm " Demurrage” : Thisword originally came transportation by ships. The
following description of demurrage came from the'Lectric Law Library Lexicon on Demurrage - " The freighter of a
ship isbound not to detain it, beyond the stipulated or usual time, toload or deliver the cargo, or to sail. Theextra
days beyond the lay days (being the days allowed to load and unload the cargo), are called the days of demurrage. The
term islikewise applied to the payment for such delay, and it may become due, either by the ship's detention, for the
pur pose of loading or unloading the cargo, either before, during or after the voyage, or in waiting for convoy."

Top

When | called to place an order for lime by truck | was told there was a shortage of trucks. All of
the lime companies | talked with also confirmed this. Why does this happen? Also, how do the
trucking companies maintain enough trucks to serve the lime market and what can | do to help
avoid these truck shortage situations?

Limeisusually shipped in a pneumatic trailer, which is a specialized tank truck with a blower that can blow thelime
from thetruck intothe silo of the customer. Because of the freight cost factor in shipping lime, thelimemarket is
generally aregional one, with most shipments destined to customersin the state where the lime plant is, and/or the
adjoining states. A number of trucking companies include the limemarket in their transportation business, and
acquire enough pneumatic trucksto serve this market. The combined number of trucks available continually adjusts
to general market conditions, and can change, but generally thisinvolves assigning new equipment to the market area,
which can involve some delay. Also, any equipment moved to meet the demands of the local market hasto be
withdrawn from another competing market area. In any case, the number of trucks within a geographical lime
market area can be viewed as somewhat fixed over the short-term.

When alime customer callsa lime producer for orders, that lime company will call one of moreof the truck carriers
that handle the local lime market, and set up a shipment schedule(s). For the most part, all of the lime companies use
the same commercial truck carriers, though some carriers may be designated asthe primary carrier for a customer.
Throughout any day the availability of trucks can vary, dependent upon the demands of the lime market. Also, there
areanumber of industriesthat can place tremendous, short-term demands on both the lime producers and the
trucking companies as a result of customer equipment problems, production problems, unusual weather, plant
startups, etc. In arranging for trucks, it's not unusual to find that there are short-term shortages of trucks throughout
theday. But this can, and often does, dramatically change during the day. Another key factor in truck availability
involves the Driver Time. Recent changesin thelaw requirethat drivers can only drive for a specific period of time,
after which they must rest for a minimum number of hours. This becomes a factor sincethereareonly a number of
total drivers serving a specific lime market area. Thetrucking companies do their very best totry and maintain
enough drivers and pneumatic trucks to serve the local lime market without having their drivers or trucksinactive.

Placing orders with a lime company as early as possible helps a customer avoid many of the unanticipated problems
associated with truck shortages. However, much of the lime market involves servicing those industries who have

enor mous short-term demands, which isa very important and much appreciated business for lime companies. Those
customer swho experience a short-term truck shortage may find solace in knowing that the availability of trucksin the
market isquitefluid and changes freguently. For the most part, the lime companies are able to meet the daily
demands of the lime market during truck shortages through the patience and under standing of the valued customer .

Top

I am considering comparing getting my lime by rail vs. truck. What are some of the pros and cons
regarding these two modes of lime ddlivery?

Both modes of receiving lime have advantages and disadvantages. Following isa list of pointsto consider:

1. Doyou havearail siding cominginto the plant? If you do not have arail siding coming into your existing plant
then the option to receivelime shipments by rail isnot available to you, unless you are willing to provide rail
accesstothe plant. In the planning of a new plant it'simportant to address the issue of potential rail delivery of
limeduring the early design stages. Thisis becauserail delivery of quicklimewill require arailroad spur tothe
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4,

lime unloading site, an unloading system of sometype and adequate silo storage, usually at least a 150 tons.
(For reference, a hopper car of quicklime weighs approximately 100 tons.)

Areyou using quicklime or hydrated lime? Pebble quicklime is often carried via covered rail hopper cars while
hydrated lime generally isnot carried viarail. Hydrated limeisa fine powder which would require a special
PD railcar (pressuredifferential). Thistype of railcar could also handle a granular or pulverized quicklime.
For the most part, unless the volume of hydrated lime used is significantly high, it isusually carried via
pneumatic trucks. (As a general guideline you can consider that pebble quicklime can be carried by pneumatic
trucks or bottom drop rail hoppercars, whereas hydrated limeis usually carried pneumatic trucks. Please be
awar e, however, that there are exceptionstothis.)

Truck Delivery Advantages and Disadvantages: Receiving limeby truck offers an excellent and quick way to
meet your lime requirements. Assuming that the lime supplier has product available, the only time delay isthat
of the setting up of thetrucks and thetravel time to your plant. The limeisdelivered from the pneumatic truck
by blowing the limeinto your silo. Thesilo should be able to hold at least a full truck of lime, however, it's
better to have a silo capable of holding about two trucks of quicklime (50 tons) limeto provideroom for a
recent truck order and to provide a cushion in the event of atruck delay, or product availability issue. Because
atruck only holds about 1/4 of a railcar, you will have about four trucksto every rail car. Also, if you are
receiving lime from a transloading terminal, you will be paying the cost of the transferring the lime from a
railcar to atruck, plusthecost of thetruck freight to your silo.

Rail Delivery Advantages and Disadvantages: Assuming that you have arail siding that is accessible to your
plant, rail delivery offers an excellent way to receive pebble quicklime. Thefreight rateis generally lower than
thetruck rate, especially the further your are from the lime source. Also, each railcar, which holds about 100
tons, is about equivalent to four trucksof 25tonseach. Aswith truck delivery, there are disadvantagesto
consider. Thereare initial costsinvolved with extending existing rail sidingsto allow accessto thelimesilo
location. A railroad switch has to beinstalled, aswell asarail unloading system and adequate silo stor age.
Since most railcars hold about 100 tons, the silo should be at least 150 tons in capacity; preferably larger. Also,
rail delivery requiresplanning. Asa guideline, a delivery time of seven to ten daysis useful to use, though often
it's closer tofive to seven days. Asaresult of the daysrequired for rail delivery, planning of lime usage is
required. Since planning isan integral aspect of most plant operations, this should not be an issue where lime
usageis consistent and relatively predictable.

Is Truck Delivery Best For Me? Thisis a question only you can answer, however, there are some thing to keep
inmind in considering rail delivery. Asa general rule truck delivery is most often considered when (a) lime
usageisvery unpredictable (b) thereisno rail accessto the plant, (b) the volume of lime used isrelatively low,
(c) norail siding, switch, rail unloading equipment adequate silo capacity is available nor isthe company
willing to commit to the capitial expendituresto provide for these. (If only hydrateis used, only truck delivery
isusually considered.)

IsRail Delivery Best For Me? Aswith truck delivery, thisis onethat only you can answer, however, in
considering rail delivery there are somethingsto keep in mind. Asageneral rule, rail delivery ismost often
considered when (a.) arélative high volume quicklimeis being used, (b.) the plant already has rail accessto
some degree, (c) and the company has an existing rail siding, switch, rail unloading equipment and adequate
silo capacity in place or iswilling to commit to the capital expendituresrequired to provide these. (All plants
have the capability to receive lime by rail should be able to receive lime by trucks as well, which will enable the
plant to obtain quicklime on short notice when the usage cannot be anticipated.)

Top

I am considering using a Pressure Differential railcar (PD Car) for lime delivery by rail. What kind
of railcar isthisand is there any reason why | would not want to use this type of car?

The Pressure Differential (PD) railcar isa specialized railcar that hasthe capability of blowing limedirectly from the
railcar tothesilo, in the sameway that a pneumatic truck can blow lime from the truck tothesilo. It can be used for
both hydrated lime and quicklime. For the most part, quicklimeiscarried by bottom drop covered hoppersthat
requirethat thelime drop into a pan under the car whereit isthen drawn into an unloading system that then blows
the quicklime into thesilo. The PD car appearsto be a great alternative to using the bottom drop cars, however, there
areissuesto keep in mind when considering this typeof railcar.

Therailcarsused for quicklimeare part of a Car Pool of railcarsdesignated by therailroad for lime. Lime suppliers
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request a specific number of carsto bedropped off for loading. The quicklimeisthen loaded into these cars and then
shipped to the customers. Generally, the railroads do not have PD carsin thispool of cars. PD cars are owned by
either the lime company or the customer. Even if the PD carswere available for customer use, because thelime
company owned some, or the customer owned them, there can be a monumental logistical problem involved with
using PD cars. A customer that specifies the use of PD carswould haveto be certain the car had made it back tothe
lime plant in a timely fashion. When they placed their order for quicklimethetimeliness of the delivery of their
product would be dependent upon whether the PD car was available. With bottom drop cars the lime company simply
takesthe order for the car load and shipsit as soon as car is available which may very well be that day, or within a
day or so (usually). With the PD car there may be a consider ably delay waiting for the PD car to bereturned, or made
available (brought in) by therailroad.

In summary, using PD carsis not out of the question, but any company that wants to consider them needsto keep in
mind that these carsare not usually part of the car pool and are not often used lime companies. They also need to be
awar e of the significant logistical issuesin using a very specific car that must transit between the lime plant and the

customer.

Top

| am planning to starting ordering truckloads of bagged hydrated lime. Should | have the lime
delivered by a flatbed or van type of truck?

Generally, you only order bagged hydrated lime by a van truck (box) if you have an unloading dock. Flatbed trucks
areprimarily used when there isnoloading dock available. A flatbed truck can be easily unloaded from the side of the
truck with a fork lift. (Unloading a van truck without aloading dock isdifficult and time-consuming. Each of the
palletswould have to be pulled to the end of the truck with a pallet jack and then removed with the fork lift.
Unloading a flatbed truck from a dock is danger ous because the forklift driver runstherisk of driving off the open
side of theflatbed.)

Top

When | order truck shipments of lime my lime supplier sets up the trucking. Should | consider
having my company handle the transportation arrangements or should | continue to have my lime
supplier handle this?

At various times lime user s ar e faced with deciding whether to set up their own trucksor havetheir supplier to do.
Answering this questions requires car eful consideration of a number of key issues. Listed below are some of the issues
that need to be kept in mind:

1. Limecompaniesdo not mindif a customer sets up their own trucks: Setting up trucksfor customersisavery
important and integral part of the lime supplier's business, however, any customer who handles their own
transportation frees the lime supplier from the scheduling of trucks, which is always welcomed.

Advantage: Those lime userswho set up their own trucks do have an advantagein that they can have their
trucking company send in a trucksto pick up lime as needed. Often, the delay the lime supplier experiencesin
not getting trucks out to their customersright away istheresult of trucks not being available. Having the lime
customer handle the transportation avoidsthis problem, however, those companies that do set up their trucks
need to be certain that product isavailable before sending their truck in toload.

Disadvantage: Thelogistical issues of alime user arranging a large number of trucks from different trucking
companies, however, may be a difficult undertaking and they will need to make certain that trucksthey
scheduled actually do arrive at the lime supplier's plant.

2. Limesuppliers have established relationships with multiple trucking companies: Some lime users, such asthosein
the pulp and paper industry, have unplanned, high volume needsfor quicklime. During these periods of high
demand all of theregular limecarriersin a particular area arerequired. Most lime suppliers already have
established, ongoing relationships with the carriersthat are able to servetheir plants. Because of this, it may
often be much more practical for the lime customer to allow the lime supplier to handle all lime shipments.

3. Alimeuser may be able to negotiate afreight cost savings: In some casesa lime user may be ableto negotiate a
better freight rate by dealing directly with the freight company. A rate can be established with a particular
carrier for theroutine shipments. During periods of high demand (planned or unplanned outages) all of the
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other truck carrierscan be used.

Top

7. What is the difference between Short Milesand Practical Milesin determining freight rates and
why can there be differ ences between the two mileages when going to the same location?

Short Miles and Practical Miles Defined: Short miles represent the shortest distance between the origin and destination
that acommercial truck can travel. Practical milesrepresent the fastest distance between the origin and destination
and may be longer than the short miles. Since truck lime freight rates are based upon the shipment (product weight
timesfreight rate), and not trip time, short milesrepresent the lowest overall freight cost for the customer.

Historically: Thelime freight rates were based upon Rand McNally short miles. In recent yearsa number of the truck
companies have gone to an alter native mileage source; PC-Miler. In comparing short miles for the two mileage sour ces
you will find them nearly identical since, assuming theroad information is up-to-date, the shortest commercial truck
distance between the origin and destination issimply a matter of adding the distance of each segment of thetrip;
which isa fundamentally simple algorithm to compute.

Conversion to PC-Miler: In the conversion to PC-Miler some of the trucking companies have made the decision to use
practical milesrather than short miles. This presents the customer with a dilemma. To see the problem envision four
truck carrierswith nearly the same scale tariff rates, with two of the carriers using short miles and two using practical
miles. On the surface they would all appear to have nearly the same scale rates, however, sincetwo of the carriersuse
practical milesthereare often instances when thereissignificant differencein total truck cost duetothedifferencein
short and practical mileages.

Analogy for Short and Practical Miles: A lifeguard rescuing a swimmer offers a good overview of short vs. practical
miles. A lifeguard watching over swimmersknowsthat he can run much faster on the beach than he can swimin the
water, so hetakesthisinto account in hisrescue plans. If the person to be rescued isin thewater directly in front of
hislifeguard chair hesimply runsto the edge of the water and swimsdirectly tothe swimmer. (In this casethe
shortest and fastest distance are equal.) Asthe position of the swimmer moves further and further up or down the
beach the difference between the shortest and fastest options begin to increase. Generally, thelifeguard would run
down the beach to a point wher e the swimming distance is minimized then enter the water and swim the shortest
distance in the water to the person. Often, in these cases, the quickest distanceislonger, although faster.

Factorsfor a Carrier to Elect to go to Practical Mile: Because of the change in the hours of operation for adriver, going
the quickest route, rather than the shortest would appear to help preservedriver hours. However, the extra distance
requires more fuel, which offers an offsetting disadvantage. Also, the algorithm used in determining practical milesis
mor e complicated and subjective than short miles algorithms since they involve driving speeds, traffic congestion and
road construction. These can vary far more frequently than the simple short distanceto the destination. Also, the
discrepancy between short and practical miles makesit difficult to compare carrier rates. Asafinal note, it isunlikely
that thetruck driverswould not elect to takethe shortest route, even if it werelonger than the practical milesroute.

What isa Carrier Solution to the Problem? All truck carrierswould be far better served to usethe traditional standard
short miles (Rand McNally, PC-Miler or alter native mileage sources) so that significant mileage differencesare no
longer an issue. If thecarrier believes that the short miles do not provide enough truck revenuefor the haul then they
can simply increase their tariff scalesrates to offset this.

What isa Customer Solution to the problem? Thereis a relatively simple method to solve this problem. I the lar gest
carrier uses short miles, then all shipmentsby all carriers are based upon short miles. Rates of carrierscontinuing to
use non-short mileswould find that all of their ratesare now determined on a point-to-point basis, and ultimately then
end up with all point-to-point rates.

Top
USING THE WEBSITE:

1. When | try to view a PDF filein my browser it does not appear. All | get isa small icon on a blank
page. Why does this happen and how do | correct it?

M any people use Adobe Acrobat to view PDF files while using their browsers. The PDF file isautomatically loading
into the browser as as a web page. Sometimes a problem can arise in viewing PDF files this way because of issues
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involved with the integration of the browser and the Adobe Acrobat viewer. To solve the problem: This problem can
usually be eliminated by going to the Adobe Acrobat viewer preferences and disabling the " View In Browser" option.
All PDF fileswill then load separately into Adobe Acrobat.

Top

Why are all the Questions and Answers on the FAQ's (Frequently Asked Questions) web page
displayed on single page, rather than on multiple pages of the website?

By having all of the FAQ's, (and answer sections) on one page, a person wanting a hard copy of all of the information,
without using the PDF file provided, can simply print the entire FAQ's web page and placeit in afilefor reference.
Having the information on multiple web pages would require the person to go to each specific page of interest, and
print that one particular page, then go on to another pages. Individuals wanting just a limited amount of information
from the FAQ'sweb page can cut and paste that information into a word processor, or simply print the pages of
interest from the PDF file provided.

Top

(Page End)
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