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Sodium chloride is currently used to remove ice from roads. While cheap, sodium 
chloride is corrosive and contaminates ground water and streams. The Department 
of Transportation under the aegis of the Federal Highway Administration (FHWA)" 
began a search for a sodium chloride substitute. Calcium magnesium acetate 
(CMA) has been identified as an excellent candidate de-icing material. 

The objectives of this project were to examine the best way to prepare dry CMA 
from CMA solutions and to determine the ice melting ability of CMA. We would 
then recommend an optimum process for producing solid CMA. Energy & Minerals 
Research Company (EMR) examined approximately 19 different drying methods for 
CMA solutions. In addition, we attempted to recrystallize CMA using organic 
liquids. Several drying methods were finally selected for initial evaluation. 
Small quantities of CMA were produced, and the product properties were 
evaluated. Two methods were then selected for further evaluation. Larger 
quantities were produced and further evaluated. This report contains the data 
generated during the course of this study and our conclusions based on the data. 
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I. INTRCOl.CTICN 

Sodium chloride is currently used to rerrove ice fran roads. 

While cheap, sodium chloride is corrosive and contaminates ground 

water and streams. 'Ihe Depart:roont of Transportation under the aegis 

of the Federal Highway Ad:m:i.nistration (rnwA) began a search for a 

sodium chloride substitute. Calcium magnesium acetate (CMA) has been 

identified as an excellent candidate de-icing material (l]. 

The objectives of this project were to examine the best way to 

prepare dry 01A and to detennine the ice rrelting ability of CMA. We 

¼Duld then reccmrend an optimum process for producing solid CMA. 

Energy & Minerals Research Company (EMR) examined approximately 19 

different drying rrethods for CMA solutions. In addition,~ atterrpted 

to recrystallize 01A using organic liquids. Several drying rrethods 

~re finally selected for initial evaluation. Srrall quantities of CMA 

were produced, and the product properties were evaluated. Two rrethods 

~re then selected for further evaluation. Larger quantities were 

produced and further evaluated. 'Ihis report contains the data gener

ated during the course of this study and our conclusions based on the 

data. We also recarrrend an optimum process to dry CMA in quantity 

fran solution. The specific contract tasks are briefly: 

Task A 

0 Literature review of drying processes 
0 Atterrpt to crystallize: non-aqueous rrethods 
0 Reccmrend a list of possible drying processes 

Task B 

0 Prepare small, pilot scale quantities of CMA by several 

processes (listed in Task A) 
0 Laooratory Testing of products 
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Task C 

0 Prcduce an optimum/or additional Q1A based on Task B results 
0 Laboratory testing of prcducts 

Task D 

° Final repJrt 

2 
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II. BACKGROUND 

The search for a less corrosive and damaging de-icer than 

sodium chloride was initiated by the FHWA [2]. CMA was identified 

as an environrrentally safe de-icer. Field testing of CMA noted that 

at high concentrations, 01A did affect rrore algae than NaCl and 01A 

replaces aluminum ions £ran the soil. I.ong-tenn effects of 01A at 

anticipated road application rates are not known. Q1A also appears to 

be significantly less corrosive to bridge deck and car l::xx1y alloys 
than sodium chloride [2] 

FHWA identified the rrost pranising rrethod to produce 01A in 

solution. A fenrentation process [ 3] using a wild strain of C. 

Therrroaceticum has been shown to produce acetic acid in very high 

yield. The bacteria have been found to grCM using a variety of cheap 

carbon sources. Acetic acid is the only bacterial solution product. 

Dolanitic lirre added to the fennentation broth results in producing 

CMA solutions. Cell free solutions rm.ist then be dried to produce 

solid CMA. 

Workers at Bjoksten Research Laboratories [4] have studied 

the ice-rrelting characteristics of various 01A eutectics. The Ca:Mg 

(atanic) of 3:7 was found to give the rrost rapid initial rate of ice 

melting. Thus, cell free Q1A solutions must be efficiently dried to 

produce solid 01A (3:7 ca:~). 
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In prior 'NOrk conducted under a FHWA contract, SRI Internation
al prepared 200 tons of CMA for laboratory and field testing [SJ. 

SRI International used a fluid bed drying process; RAD Chemicals 

Division, RAD Services, Inc., Bowling Green, KY, p:rformed the drying 

under subcontract. The product made had a ca:~ ratio of approxinate-

1 y 1: 1. The SRI product was also light, porous and dusty. These 

prop:rties render the SRI product unattractive for ccmnercial use. 

Ideally, solid de-icers should be similar to sodium chloride in both 

physical characteristics and ice-melting ability. The fluid bed 

drying conducted for SRI suffered fran loosely controlled bed terrper

atures and drying tirres. In this ~rk, CMA solutions prepared by 

farrentation were not used. Rather, ccmnercially available (synthe

tic) acetic acid was allowed to react with dolanitic lirre; the result

ing solution was dried. Cost analysis indicates that for this fluid 

bed drying process, using the farrented CMA solution results in a 

lower cost solid CMA product than using synthetic acetic acid (6). 

The objective of this project was to examine alternative rreans 

for prcducing CMA solids fran solution. Crystallization, precipita

tion fran water solution, and alternative drying rrethods were all 

evaluated. Several drying processes were selected for further eval

uation. The product CMA solids were subjected to extensive laboratory 

testing for chanical, physical and ice-melting properties. The 

results of these tests were analyzed and recamendations for further 

production are made. 
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III. PRELIMINARY PRCCESS EVALUATION 

A. Crystallization 

A dense anhydrous or partially hydrated (p::,ly)crystalline OJA 

could offer significant advantages over arrorphous (dried fran solu

tion) 01A. If such crystalline material could be made, we v.C'uld 

expect a dense, hard, non-porous product. Further, evaporation from 

f?Onds could be quite cost-effective if proper crystal habit could be 

assured. Preliminary laboratory exploratory experirrents were conduct
ed to grow 01A crystals [7J_ 

Aqueous solutions containing ca:M:; nole ratios of 1:0, 4:1, 

2:1, 1:1, 3:7, and 0:1 were prepared. The solution concentrations 

were adjusted to be saturated at about 20°C above roan terrperature. 

Attempts at crystallizing the solutions were made at and belCM room 

terrperature. Cooling was effected by placing 01A solution in a 

refrigerator maintained at 32°F and allCMing the temperature to 

equilibrate over an eight hour period. Additional attenpts to crystal

lize were made at the solution boiling points. Hence, supersaturation 

was induced by cooling and evaporation. Solutions were allONed to 

stand for periods ranging fran 8 hours to 3 days to encourage crystal 

growth. Rapid nucleation was observed for all solutions upon super

saturation. The solutions also formed thixotropic gels. Only fine, 

needle shaped crystals were produced even after long grCMth periods. 

The ratio of nucleation to grCMth rate appears to be much higher for 

this system than for other viscous solutions (e.g., sucrose, urea, 

citric acid). We attribute poor crystal grCMth rates to the following 

factors: fonnation of thixotropically gelled solution; the surface 

reaction rate on the grc:Ming crystal face is·lCM; the specific fonn 

and size of initial stable crystal is not proper for good grCMth. 

Gelled solutions can also lead to lCMer iooic diffusion rates to the 

crystal face. 
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These preliminary crystal gro.vth studies indicated that crystal

lizing fran aqueous solution ~ld not easily give a good, solid CMA 

product. This was true for all terrperature and concentration ranges 

studied. None of the solid products were further analyzed. We 

examined other rrethods. 

B. Crystallization fran/ or Assisted ~ Non-Aqueous Sol vents 

Admixture of organic solvents to CMA aqueous solutions could 

result in nucleation, crystallization and gro.vth of solid CMA. The 

inverse process (e.g., water-rrethanol recrystallization) has been 

practiced by organic chemists for well over 100 years. For CMA an 

organic solvent ITn.1St be found that exhibits the following properties: 

0 Soluble in water at convenient terrperatures. 
0 Very low solubility for OJA. 
0 Will not canplex or solvate 01A. 

° Can be easily recovered frcm rrother liquors. 
0 Inexpensive (or canpletely and easily) recoverable. 

There are several organic solvents that are soluble in water at 

a given terrperature but separate at higher or 1~ terrperatures. For 

instance, triethylamine is carpletely miscible below 18.7°C but 

inmiscible above this terrperature. Similar water solubility behavior 

is observed with other low rrolecular weight amines. Other sol vents 

such as g-butanol, furfuryl, alcohol, rrethyl acetate, cyclohexane, 

g-hexane, and phenol are miscible with water above a critical terrper

ature but ircmiscible below that temperature. In principal, if CMA 

could be separated fran aqueous solution by adding an organic solvent, 

a very lCM-COSt way to "dry" 01A ~uld be obtained. 

We atterrpted to crystallize CMA fran aqueous solution by 

adjusting admixture of acetone, g-butanol, and triethylamine at roan 

terrperature. Good granular crystals could not be obtained. Thixo

tropic gels were also fonred in these mixed solvent systems with the 
6 
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same resulting poor rates of crystal gravth described above. Triethyl

amine addition resulted in a pH change that caused the gelatinous 

precipitation of Ca, Mg-hydroxides. We did not attenpt to crystallize 

G1A using non-aqueous solvents at other temperatures. This approach 

was abandoned. 

C. Drying Processes 

It is clear fran the above results that non-evaporative or 

natural crystallization fails to produce a suitable solid G1A. 

Evaporation to dryness is therefore the best way to produce solid 01A. 

We conducted an extensive literature survey of drying rrethods. 

Nineteen different drying techniques ~e initially evaluated (table 

1). Further evaluation was made by personal contact with 8 of the 

drying processors. Based upon initial literature and telephone 

information, we selected six drying processes for detailed analysis. 

Product and Process Criteria 

A ccrcm:xiity product like 01A is quite cost sensitive. Mini

mizing production costs while making a solid carpatible with existing 

salt spreading equiprent are of primary importance. Drying processes 

which produce a granular product directly in one step would tend to be 

rrore econanical than a two-step process in which granulation has to be 

carried out after drying. Extra equipnent, labor and maintenance 

costs are avoided. 'Ihe criteria for process selection are: 1) a 

"good" granular product, 2) low capital and operating costs and 3) 

"good" process operability. 

A "good" granular CMA product is one which has: 

1) High density (i.e. low porosity, therefore lCM 

friability). 
7 



2) High hardness (i.e. good strength, therefore less 
dusting). 

3) Particles between 6-30 mesh. 

"Gcod" process operability ~uld be: 

1) Not laoor .intensive. 

2) Easy to start-up, control and shut-down. 

3) Has rni.nirra.Jm maintenance. 

Process Selection 

Selection procedures for drying equiprent are covered in 

chemical engineering text books on unit operations and in Perry's 

Chemical Engineer's Handbook (Fifth Edition, McGraw Hill, N.Y., 1973). 

The first step is to select classes of dryers which can handle the 

material v1e use as feed. 'Ihe second step is to reject those classes 

which will not produce a suitable final product. The third step is to 

eliminate those classes which experience shows might be .inappropriate 

econanically for the product. The fourth step is to reject those 

processes which experience shows have perfo:rmance .incanpatibilities 

with the product. For drying liquids (solutions, slurries and pastes) 

and solids ~s, (granules, sheets or large objects) camercially 

there are 19 classes of drying equiprent (table 1). Only 7 of the 19 

dryer types are suitable for evaporating solutions to dryness on a 

large scale; the other 12 types of dryers are suited for drying solids 

(i.e. materials which are solid at the start) or for drying small 

batches of liquid (e.g. phannaceuticals or fine chemicals). Of the 7 

classes of dryers suitable for drying solutions continuously on a 

large scale, 3 can be rejected outright because of either high equip

ment cost, unsuitable final product or a canb.ination of both. 
8 



The three rejected processes are: continuous tray or belt 

dryers, spray dryers, and heated screw conveyors. Continuous tray or 

belt dryers dry slowly. They require a long residence tiITe, and they 

wDuld therefore, be large and exJ?ensive. Drying any liquid solution 

in this tyi:;e of equipnent car;:ounds the econanic problem by requiring 

the recycling of a large portion of dried final product. The 

stickiness of 01A wDuld also pose a potential operating problem. 

Spray drying is unsuitable for CMA because the product is always a 

porous, low density, friable rraterial. Screw conveyor dryers are 

externally heated, therefore, the rate of heating is uniform but 

extrerrely slow. A large arrount of expensive equiµrent rrakes this 

class of dryer highly unattractive for 01A. fure irrp:Jrtantly, the 

final product fran screwdryers generally has a large arrount of fines. 

The stickiness of CMA at the front end of the process also could give 

problems in this class of equiµrent. 

The four classes of dryers which v.Duld be appropriate for 

drying OIA are: 

1. Fluidized Eieds. 

2. Rotary or Tumbling Bed Dryers. 

3 • Drum Dryers • 

4. Pneumatic or Flash Dryers. 

Fluidized Bed Drying 

Fluidized Bed Drying (FBD) stands out as being one of the rrore 

premising methods for producing a good granular de-icing product 

econanically and with reasonable ease. SRI chose to employ FBD to 

produce the initial 200 ton batch of 01A. Fran a survey of recent 

literature it was found that fluidized beds are currently used over a 

wide range of products types (pharmaceuticals to fertilizers) and a 

wide range of production volurres (one ton batches to thousand ton per 

day continuous units) [B, 9]. In addition to literature information 

on FBD, discussions with FBD equiµrent suppliers, users, and 

9 



consultants (e.g. Niro; Foster-wheeler; James Smith, our carpany 

drying consultant) revealed additional advantages. 

The principle advantages of fluidized bed drying are: 

1. Dries and produces a granule in a single piece of equipnent. 

2. The solution being dried and granulated can be evaporated as 

dense layers on the granule. Layered drying ~uld produce a 

non-porous less friable product. 

3. There are rriany rrianufacturers of FBD equii;nent to select from 

and a lot of FBD equipnent of varying capacity exists around 

the ~rld. Considerable knc:M-how also exists. 

4. Equipnent is relatively ligh~ight since it need not withstand 

high gas or hydrostatic pressures and has no rroving parts. 

Therefore, equipnent can be made fran a variety of construction 

materials without high expense. 

5. Start-up, operation and shut-down is highly autanated requiring 

low labor. 

6. Fuel efficiency is gcxxi ranging fran 1500 to 1900 BTU/lb. of 

water evaporated, since the drying gas passes through and 

intimately contacts every particle in the bed. 

7. Pilot facilities exist at several rrianufacturer's sites in the 

Northeast. Pilot testing at a reasonable scale is essential 

for obtaining a representative product and for establishing 

correct process conditions. 

8. The potential exists eventually for conducting the entire 01A 

process fran neutralization through granulation and drying, in 

a single fluidized bed unit once the granulation and drying 

steps have been developed. 
10 



9. Several salts similar to 01A are coomercially made into granu

lar beads using FBD. (e.g. calcium nitrate, calcium and 

magnesium chlorides; sulfates of sodium, amronium, zinc, iron, 

magnesium and manganese). 

10. There are no apparent disadvantages to fluid bed granulation 

and drying of Cl1A. 

There are thirty-four (34) suppliers of fluid bed dryers. '1\-.o 

FBD suppliers, Niro Atan.izer, Inc. and Foster-wheeler/NSM Co. offer 

FBD systems which are specifically designed for high volume (lCM cost) 

production of granules. The principal difference between these two 

systems and other systems is in the rrethod of introducing the solution 

to be dried. Niro introduces the solution high above the fluidized 

bed so that sare evaporative concentration (similar to partial spray 

drying) occurs as the atan.ized solution falls through the drying gases 

rising fran the fluidized bed. The concentrated solution spreads 

throughout the growing beadlets in the bed where ccnplete drying 

occurs. 

The Foster-Wheeler/NSM Co. FBD process introduces the solution 

directly into the bed where it coats the fluidized beadlets and 

subsequently dries in layers. A basic FBD system consists of a 

chamber having a gas distribution plate near its base on which the 

fluidized bed rests. A gas-solids disengaging space above the bed 

allows a direct return for solids sporadically propelled fran the bed. 

A fine particle separator (e.g. cyclone, bag filter, etc.) is located 

after the fluidizing chamber. When solutions are to be dried, spray 

nozzles can be located anywhere in the drying chamber or they can be 

blended with the undersized solids being recirculated to the fluidized 

bed. Adjustment of the FBD chamber's L/D ratio and operating para

rreters such as drying gas terrperature, fluidizing gas flCM rate, l:::ed 

volume and recycle ratio are necessary to accarm:rlate differences in 

fluidizing bed behavior caused by the different feed methods. 
11 



Tumble Bed Drying 

Rotary or Tumbling Bed Dryers granulate and dry solutions by 

successively coating layers of the liquid upon a core of fine part

icles as they are tumbled in a rotating cylinder, drum or pan. Hot 

drying gases are blown across the surface of the bed of rraterial. Two 

sub-classes of tumbling l:ed dryers exist: large rotary shell units 

such as those used to pelletize fertilizers and industrial and 

se.wage sludges (manufactured by E'.dw. Renneburg & Sons, Heil, Inc. and 

Envirorurental Sel:vices Products, Inc.), and dxurn or disc pelletizers 

(rnanufactured by Sprout-Waldron Div. Koppers Co., E'.dw. Renneburg & 

Sons, Allis Chalrrers, Mars Mineral Co.). 

The advantages of tumbling l:ed agglarerators are similar in a 

few instances to those of FBD. Being an older, less sophisticated 

drying/granulating technique with certain disadvantages, it has been 

undergoing replacerrent by FBD in many instances. Point-by-point 

carparison follows: 

1. Dries and prcxiuces a granule in a single piece of equiprent. 

2. The solution being dried and granulated can be evaporated as 

dense layers on the granule. 

3. While there are not as many rnanufacturers of tumbling l:ed gran

ulators listed as for FBD equiprent (fewer than half a dozen) 

there has been wide-spread use of tumbling beds to granulate 

ores, fertilizers and waste powders such as fly ash and bag

house dusts. 

4. F.quiprent is siITple and therefore relatively low in cost. 

5. Start-up and shut-down are easy steps. However, operational 

upsets can occur rapidly if feed conditions fluctuate. 

12 



6. Fuel efficiency is poor (up to 2600 BTU/lb. of water evapor

ated) because of inefficient contacting of the hot gas stream 

and drying pellets. 

7. Pilot facilities are available at rrost equiprent suppliers. 

8. The potential exists for conducting the entire CMA process from 

neutralization through granulation and drying within the 

tumbling bed. 

9. Fertilizer salts similar in nature to CMA are camercially made 

into granular beads using tumbling beds. 

10. Potential problems can be foreseen with CMA granulation in 

tumbling bed dryers - one is sticking. The nozzle atanized 

dispersed solution in a FBD is rapidly distributed within the 

highly agitated fluidized bed of solids. The solution fed to a 

tumbling bed is slowly distributed by the tumbling action. 

Sticking to the pan or clumping of particles can occur during 

this slow step. A second potential problem with tumbling beds 

is decorrq;:osition fran hot spot formation canbined with long 

residence t.irres. In contrast to FBD where extremely uniform 

temperatures are maintained throughout the well agitated bed, 

particles in a tumbling bed are often overheated by the drying 

gas. Distribution of the heat is slow withing the tumbling 

bed. The problem is carp:>unded by the long residence t.irres 

experienced in tumbling beds (15 to 20 minutes). Particle 

decarposition of CMA granules which are rroisture free but 

trai;ped in the bed could occur. 

Decarposition of CMA fonns oxides of calcium and magnesium, 

plus acetone, acetic acid and water. The acetic acid t,,.UUld be 

of concern in the de-icing product. Even small traces of it 

could create corrosion problems. Rerroval of trace anounts of 

acetic acid should prove to be difficult since it is kna.-m to 
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fm:m "bound" carp:>unds with acetate salts [lO]. Sodium 

acetate readily fo:rms a "diacetate" with acetic acid which is 

carmercially useful as a source of "Dry" acetic acid. Q1A plus 

acetic acid could for:m "triacetates". 

Drum Drying might for:m a granular 01A product, if large dnnns 

were used in conjunction with thinly spread layers of 01A solution (or 

sluny). Bulk drying in the laboratory forna:l soft friable (i.e. 

dusty) 01A product as a result of the co-precipitation of rrany nuclei 

of several different crystalline species. The softness of the "cake" 

was also due in part to micro capillaries fonted by the escaping water 

fran the bulk material. 

A point-by-point carparison of drum drying with the previously 

described granulating techniques follows: 

1. Dries and produces a granular product with a single piece of 

equiµnent. 

2. The solution (or slurry) of 01A is dried as a bulk material 

with heat suwly caning through one side only; escape of 

evaporated water also occurs through one side only. Fluid bed 

and turrble bed drying pennit heat and mass evaporation at all 

surfaces of the drying material. In addition, fluid bed and 

turrble bed drying take place with increrrentally thin (100-200 

micron) layers. Drum dried layers \o.Uuld have to be on the 

order of 2-6 rrm. in order to be econanical. 

3. Availability and experience with drum dryers is widespread in 

the food, phannaceutical and chemical industry. 

4. Equiµnent is generally considered expensive. Maintenance on 

the rotating seals, blades and scraped surface is also consider

ed as "high" in the drying industry. 
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5. Start-up, operation and shut-down is very convenient. 

6. Fuel efficiency is very gcod. Values of 1,200 BTU/lb/ of water 

evapxated are typical. There are no heat carry out losses by 

a gas stream. Steam is consumed for evaporation only as 

needed. 

7. Pilot facilities exist at rrost equii;xrent suppliers. 

8. Drum drying is useful only for simultaneously drying and 

granulating. Eventually conducting a neutralization with 

acetic acid while simultaneously drying and granulating is not 

feasible. 

9. Fcods, pharmaceuticals and fine chemicals are typically drum 

dried. These are no high volurre camodity items such as fert

ilizers, using drum drying. 

10. The rrost apparent trouble spots with drum drying centers on 

product decatp:)sition. Heat transfer through the drying layer 

of Q1A will create a high therrcal gradient fran drum surface to 

air interface. High steam ternferatures which v.0uld give high 

production rates and permit snaller equiprent will have to be 

sacrificed in order to make sure decanposition is minimized. 

Flash Drying (FD) has been included as a potentially appro

priate m:!thod of producing 01A solids even though the fine pcl\-,tler 

produced lt.Ould have to be agglarerated in a separate finishing step 

for the following reasons. Flash drying equii:xnent is inexpensive and 

rraintenance tends to the low. Start-up, operation and shut-down are 

convenient (autanated with a rninirral lab:>r caip:>nent). Fuel effi

ciency is excellent since the drying gas intimately mixes with the 

atanized spray of liquid. Typical fuel requiranents are 1600 B'IU/lb. 

of water evaporated. FD is used on heat sensitive rraterials because 

residence tim:!s within the equii=xnent are extremely short (50-100 
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milliseconds) and the evap:)rating water rraintains the particle at the 

wet bulb tenperature. Therefore, deccrnposition is avoided. Bench 

scale pilot facilities are available at several suppliers which give 

valid scale-up data and representative samples of product. 

The p:)tential exists for conducting the neutralization step in 

sequence with the drying step in a flash dryer. 

NUiterous salts, pigrrents and clay (slurries) have been flash 

dried successfully on a large scale. 

The only problem envisioned is p:)b:mtial sticking of 01A to the 

walls of the conduit. Agglareration of the p::,wier v.OUld be carried 

out in a tumbling bed unit of the disc or dnnn type. However, the 

disc (or dnnn) agglarerator v.OUld not be utilized for drying as 

previously described. Its function \<.Ould be to evap:)rate the 5 to 10 

percent rroisture used to bring about agglareration. therefore, the 

detri..rrental aspects of tumble drying/granulation will not prevail. 

With the use of appropriate binders such as, sugars, rrolasses or 

starches, a superior 01A granule might be developed. 

Choice of Candidate Processes 

Based on the above considerations, we chose to examine three 

different drying processes. Final choice of process and carpanies was 

arrived at with the concurrence of the FHWA COTR. The processes and 

corrpanies chosen to produce small quantities of 01A for laboratory 

testing were: 

° Fluidized Bed Drying by 

Niro Atanizer Co., Columbia, MD 
0 'I'unt>le Bed Drying by 

Ferro-Tech, Inc. , Wyandotte, MI 

° Flash Drying follc,r...ed by abbreviated 

'I\mIDle Bed Granulation by 

Desicco, Inc. , Lcxli, OH follc,r...ed by 

Ferro-Tech, Inc. , Wyandotte, MI 
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The processes chosen represent a range of drying processes in 

terms of energy efficiency. The processes all offer ease of start-up, 

operation and cost of equi:prent advantages over the rerrainder listed 

in table 1. In addition, contractor ability and willingness to 

process first small then possibly larger quantities of an experi.rrental 

substance also played a role in the choice of subcontractor. 
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IV. P~ION OF CMA 

A. Plan for Producing CMA 

The three manufacturers listed above all desired enough CMA 

solution to produce about 500 pounds of solids. FHWA could provide us 

with only about 200 pounds of 1:1 ca:Mg" (atanic) CMA solids. This 

rraterial was produced by SRI. 

We decided to supply each manufacturer in a sequential fashion. 

Niro Atanizer was chosen to perfonn the initial 'W'Ork; very gcx:xi 

control of the proc ss dictated this choice. We supplied solid CMA to 

Niro along with enough purchased rragn.esium acetate to produce a 3:7 

ratio of ca:Mg" (atomic). Niro redissolved the solids and dried the 

solution using fluidized bed rrethods. The product solids -were then 

shipped to Desicco and Ferro-Tech. A small arrount was to be saved for 

our laboratory testing. In turn, Desicco and Ferro-Tech 'W'Ould redis

solve the Niro product and dry the solution in their flash and tumble 

bed dryers. An outline of the overall plan is shewn below in Scheme 

I. 

Desicco 

SOIEMEI 
outline of Proposed CMA Production Plan 

~ 
.--------......;:,.. EMR - 200 lbs Solid CMA 

(1:1 ca:Mg-) 

T 
Quantity 

50-75 lbs 
solids 
Redissolve 

Dry 

l Purchased 
Mg" (OAc) 2 

Niro - Redissolve & Dry 
} 

CMA Product ( 3: 7 Ca :M;J) 
I 

200 lbs 

~ Ferro-Tech 
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B. Proouction of CMA 

1. NIRO Experience 

Niro Atomizer Conpany's pilot plant facilities in Columbia, MD 

Mere used to prcx:luce the initial quantities of solid CMA. Niro 

received 1:1 ca:Mg solid CMA proouced by SRI. In addition, extra Mg 

(0Ac) 2 • 4 H2o was given to Niro to raise the Mg content of the 

proouct. White, gritty insoluble rraterial was present in the first 30 

gallon batch of solution prepared. We prestIIte these insolubles are 

MgO which SRI used as seed rraterial to core their CMA granules. 

Filtering of the solution through 100 mesh screen or cloth raroved 

most of the large insoluble particles. White water insoluble rraterial 

was observed by both Desicco and Ferro-Tech. Filtration was similarly 

enployed to reduce nozzle clogging. 

In the Niro fluid bed dryer, the solution to be dried is added 

£ran the top and begins to evaporate by encountering hot flcwing 

gases. The partially dried droplets fall and distribute themselves 

throughout the bed. Niro used a srra.11 quantity of 1: 1 ca:Mg CMA to 

initiate the fluid bed spray granulation process (FBSG; residence tirne 

adjusted to produce granules). Mg(OAc) 2.4 H2o was added to the 

solution to raise the Mg rrole fraction. The 30-40 wt% CMA solution 

proved quite viscous. Niro used larger spray nozzles placed near the 

top of the fluid bed to help prevent nozzle clogging. 

Niro produced 5 batches of about 12 {X)unds each of CMA; total 

CMA was 59 pounds. Niro used 30 wt% CMA solutions for runs 1, 2, 5 

and 40 wt% solutions for runs 3,4. The finished granules all handle 

Mell. They Mere all hard, layered, dust-free and fairly dense. The 

time to produce these 3:7 Ca:Mg CMA products in the pilot was longer 

than initially thought. The carplete set of operating conditions and 

problems encountered are detailed in a rer:ort prepared by Niro and 

appear as Appendix A at the end of this rer:ort. Sarrples of the Niro 
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products designated (Niro #1, 2, 3, 4, 5) were saved for analysis by 

EMR. The rerraining material was shipped to Desicco for re-dissolution 
and flash drying. 

2. Desicco Experience 

Pilot runs in the Desicco flash dryer were atterrpted over a tv.o 

week period. A 3 inch diarreter loop flash dryer was used. The 3: 7 

solution was prepared at a concentration of 40 weight percent and 

filtered through cloth to achieve clarity. The solution was fed to 

the flash dryer by rreans of a stainless steel screw pump. High shear 

air atanization of the solutions was achieved in the dryer by means of 

a mixing nozzle. Air to the dryer was electrically heated to 200°C. 

A cyclone and cloth filter were located after the dryer for product 

collection. Solution feed rates of 5 to 40 pounds per hour (dry 

basis) were tried. Dryer exit temperatures fran 110°C to 70°C were 

observed. Using a variety of drying conditions could not overcare the 

problem of product build-up on the dryer walls. All runs were unsuc

cessful • .Material accurrn.ilated around the entire wall periphery during 

each run. Little product carry-over to the cyclone collector was 

achieved. This was somewhat surprising since the liquid feed with a 

3:7 ratio did atanize well in tests outside the dryer. In addition, 

liquid with a 1:1 ratio was successfully flash dried last surmer. The 

consistency of material on the dryer walls was like dry mud. It had 

an opaque appearance indicating that solids were still in solution. 

Sand was added to the dryer in an atterrpt to clear the walls. Unfor

tunately, the extreme stickiness of the material required a very large 

quantity of sand (6:1 weight sand to 01A solids). Extensive discus

sions were held with Desicco personnel. The probability of: 1) going 

to a flash dryer with a larger diarreter (6" instead of 3") and 2) 

using a lower Mg content solution were fully discussed. It was felt 

that the use of a larger dryer might achieve greater turbulance and 

rrore rapid flash drying than the 3" unit. However, larger quantities 

of 01A vaild be required than were available. The second alternative 

proved to be inadvisable when it was learned that the results with the 
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1:1 solutions had l:een only marginally successful and that it had been 

hoped that by increasing the Mg content the properties Y<Duld be 

improved. 

3. Ferro-Tech Experience 

The experience gained at Niro and [)esicco was used to improve 

processing at Ferro-Tech. Ferro-Tech encountered no problems in 

handling and drying the 01A product. Ferro-Tech also had to filter 

the 30 wt% 01A solution; a filtered 3:7 Ca:Mg 30 wt% solution was 

used as feed. The solution was sprayed in small increrrents into a 

turbulator (pin mill mixer) that contained a small quantity of finely 

ground 1:1 01A/Mg(OAc) 2 "seed" mixture. As wet granules form:d, 

they were transferred to a Model 036 disc pelletizer. Sprayed solu

tion was air dried in sequential layers on top of the seeded granules. 

Pellets form:d and were transferred to a tray dryer. Initial water 

content of the pellets was about 30 wt%. The final pellets had 

rroisture contents approach zero wt%. 
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V. PROPERI'IES OF THE TEST BA'ICH 

A. Test Batch Quantities and Typ:s 

Approximately 5 pounds of each of the initial run test sarrples 

were saved for laboratory testing and chemical analysis. OUr strategy 

was to perform the tests requiring the rrost material first. In this 

way, material limitations would not preclude tests fran being perfonn

ed. All five Niro initial sarrples, a Ferro-Tech sarrple and a sarrple 

of rock salt (supplied by R. J. Collins and Pennsylvania Depart:rrent of 

Transportation) were subjected to laboratory testing. 

B. Preliminary Tests 

The 01A products listed above were subjected to the following 

preliminary tests: particle size analysis; attrition loss; friability; 

chemical analyses (Ca, M:J, acetate,% H20); hygroscopicity; ice

rrelting (.FHWA and S. Dakota); heats of solution; crystal habit; pH. 

1. outline of Test Procedures 

a. Particle Size Analysis 

Sarrples were sized by screening through standard U.S. rresh 

screens according to AS'IM rrethod D632-72 ("Standard Specification for 

Scx:lium Chloride"). This rrethod ai:plies to Grade 1 standard gradation 

for Type I sodium chloride. Type 1 NaCl is used primarily as road 

de-icer. We used the following screen sizes: 3/8 inch, No. 4, No. 8 

and No. 30. A sarrple of Grade 1/Type 1 NaCl were used for ccnparison 

with a-1A. 

22 



b. Attrition LJJSS 

Particle strength by attrition was tested according to ASIM 

rrethcxi D 4058-81. The test was conducted in the following way: a 10" 

diarreter, 6" deep drum was constructed with a single radial (2" long X 

611 high) baffle. A 100g sample of salt, all particles greater than 20 

mesh was charged to the drum. 'llle drum was sealed and then rotated at 

60 rpn for 30 minutes (1800 revolutions). Gravirretric screen analysis 

of the recovered salt gave a quantitative rreasure of how much rraterial 

was carmi.nuted. 

Rotating drum attrition loss data are used to determine the 

tendency of a solid to dust. The samples were prepared in two dif

ferent ways. One series of samples -were pre-sieved to rerrove all 

material smaller than +20 rresh; attrition tests -were conducted as 

indicated above. In a second series of tests, the "as received" 

samples were sul:tnitted to attrition testing without pre-screening. 

'Any bias in choosing stronger particles by pre-screening ~uld be 

avoided by this procedure. In two cases, the attrited samples were 

screened, the -20 rresh gravirretrically determined, and the +20 rresh 

rraterial resubjected to the attrition test. These latter tests 

confirm the tendency of the samples to be carmi.nuted. 

c. Friability 

Particle friability was determined according to ASIM rrethod 

Cl42-78. This test is a qualitative test. The 01A products are 

rolled between the fingers and the ease of particle break-up estimat

ed. 

d. Chemical Analyses 

Quantitative analysis for ca and Mg -were perfonred by ccmplex

aretric titration with EDI'A. The literature indicates that calcium 

can be quantitatively determined in the presence of rragnesium. We 
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subcontracted these tests to Chem-Clear, Inc., Devon, PA. Chem-Clear 

found that the IDrA titration rrethcds did not adequately discriminate 

between ca and~ at high magnesium levels. Hence, we subsequently 

relied on atanic absorption spectroscopy to determine the concentra

tion of l:x:>th ca and~-

Acetate is determined by gas chraratography (perfomed by 

Chem-Clear, Inc. , Devon, PA) • The rrethcd involves dissolving a 

weighed quantity of 01A in fonnic acid. An aliquot of the fonnic acid 

solution is analyzed by gas chraratography using a 3% carbowax 

20M/0.5% H3ro4 1 'th fl . . t· d tecti co urrn wi arre ioniza ion e on. Water was 

determined by standard Karl-Fischer titration. 

e. Hygroscopicity Tests 

Initial testing for water absorption characteristics of 01A 

productions was perfonned in three different ways. In the first 

rrethod, sarrples of 01A -were allowed to equilibrate with ambient air 

for seven days. 

The second method involved allowing 01A sarcples to equilibrate 

with dry atm:::>sphere for 24 hours (placed in dessicator over cac12 
Drierite). The last method involved allowing 01A sarrples to equili

brate with a ....et atm:::>sphere; dessicate over saturated Na2so4.12 

H2o (93% relative humidity). In all cases, sarrples ....ere weighed 

before and irmediately after testing; ....eight gain (loss) was rep::>rted. 

f. Ice-M:!lting ex: rnwA ands. Dakota Methods 

There are currently no ASIM, AASHI'O, or other standard methods 

to test the ice melting rate of chemical de-icers. Two different test 

methods -were used. The first rrethod, known as the FHWA method, 

involves placing a quantity of de-icer on a pre-frozen pan of ice. 

The de-icer is evenly spread over a known surface area of the ice. 
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The ice and the de-icing material are maintained at a controlled 

terrq;::ierature in a thenrostatically controlled freezer. After a period 

of tirre, the rrelt is collected and weighed. In the second test, 

preweighed quantities of ice and de-icing material are mixed and 

placed in a funnel. The funnel is placed in a thenrostatically 

controlled freezer. Melt is collected at the bottan of the funnel and 

weighed at a regular tirre intervals. The latter test is knc,r..; as the 

S. Dakota Departrrent of Highways test [ll] (roodified by EMR). The 

details of each ice rrelting test follc:w: 

Freezer .:9'.'.e::.= Sears-Kenrrore M:>del 198/18092; terrperature was 
2 controlled by use of an IR roodel th~tch terrperature control-

ler. The terrperature could be stabilized to± 1°F of the desired set 

point between +32°F and 0°F. 

FHWA Test: A rectangular glass pan, 9 X 11 inches was filled 

with 1/8" (200 ml) water and placed in the thenrostated freezer for at 

least 24 hours. The de-icer of interest was spread over the ice 

surface. The de-icer was a_wlied at the follc:wing rate: 

0.96g - 200 lb/mile 1.912g - 400 lb/mile 

1.434g - 300 lb/mile 3.822g - 800 lb/mile 

These application rates are approximate field usage. After 24 

hours, the glass pan is tipped and the rrelt is collected and weighed. 

M:xtif ied S. Dakota Test: These tests were conducted in the 

sarre thenrostatted freezer that was used for the FHWA tests. In this 

test ice was crushed to approximately 1/4" top size. 30 grams of ice 

were place in a 100 ml capacity funnel and allc:wed to equilibrate at 

the test t.en;>erature. 10 grams of Q.1A product were evenly layered 

over the surface of the ice. A beaker was placed under the funnel 

spout and the rrelt yield at 30 minute intervals was determined gravi-
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g. Heats of Solution 

Heats of solution of OJA prcxiucts were detennined by rreasuring 

the vapor pressure over 01A solutions at several concentrations and 

temperatures. These data were used to calculate heat of solution 

using the Clapeyron-Clausius equation [l21 • 

Integral heats of solution were measured for FBSG #3, #5 and 

TBG #1 OJA prcxiucts by rreasuring vap::>r pressures above the solutions 

at three temperatures and three weight percent concentrations. Vap::>r 

pressures were rreasured using a stoppered 250 ml Erlerureyer flask in a 

water bath with a water filled rna:riateter. 

The log reference plot rrethod of Othn'er [l2] was then utilized to 

calculate the heats of solution, where: 

L = Total heat required to vaporize one rrole of solvent fran 

the solution at temperature T; 

L1 = Heat required to vaporize one rrole of solvent fran pure 

water at temperature T; 

L* = The heat of solution, L* = L -L1 expressed as Kcal/g 

rroles of solvent; 

L**= The heat of solution expressed as Kcal/g rroles of solution, 

L** = L* ( rroles water ) • 
rroles OiA 
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h. Crystal Habit 

The physical and chemical catp:.)Sition of the CMA solid phase 

produced fran each drying process predaninately will depend on solu

tion composition, concentration and temperature. The rate of "drying" 

will detennine the size and shape of these particles. 

It is not expected that single crystals of CMA nor distinct 

crystals of calcium acetate and magnesium acetate will be produced 

fran these processes. Either polycrystalline or a mixed crystal blend 

could be expected fran rapidly conducted drying processes particularly 

in processes where bulk solution is sub-divided into droplets or 

spread in thin layers, then rapidly dried. The sudden increase in 

supersaturation leaves little time for individual crystal develq:m:mt 

and growth. Polycrystalline solids should predaninate fran the 

solutions of 3:7 atanic ratio of Ca:Mg. 

The crystal rrorphology (i.e. habit and ma.crostructure) of the 

solid 01A produced will be defined for each of the industrial process

es evaluated, as well for all materials ma.de in laboratory experi

ments. Where individual crystal particles develcp, identification by 

classification within the six crystal systems should be readily 

possible (i.e. cubic tetragonal, orthorhart>ic, rronoclinic, triclinic 

and hexagonal). Where polycrystalline phases are developed , descrip

tions will be ma.de according to definitions and techniques described 

in AS'IM E20-62T. "Analysis by Microscopical Methods for Particle Size 

Distribution of Particulate Substance of Subsieve Sizes". The smal

lest discrete units will be classified as needles, plates, agglarer

ates, etc. or as shapes confonning to the six crystal systems. A low 

power stereo (0.7-4X) zoan microscope will be used as well as a 2X 

hand magnifier to facilitate observation of the solids. 
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i. E!! 

The pH of 10 wt% CMA solutions was determined using a Beck:mm 

pH rreter. 

j. Solubility in Water 

Solubility-tarperature relationships were determined for ten, 

twenty, and thirty weight-per-:::ent solutions of each CMA sarrple. These 

relationships were determin€- y heating stirred CMA solutions at a 

l"C per minute rate utilizin water bath until the temperature was 

observed at which CMA dissolv,_ -· To check this terrperature the water 

bath was then subcooled 1°C and an ultrasonic probe was introduced 

into these solutions to induce nucleation and verify the observed 

solubility points. 

k. Eutectic Properties 

Eutectic prc:perties of selected sarrples were rreasured. Solu

tions were rrade at 5, 10, 15, and 20 weight percent concentrations 

using Niro #5 and Ferro-Tech Q.1A san;,les. Approximately 5 ml of each 

solution was then placed into a test tube ( 25 rmO X 200 rrmH) • Temper

ature was measured with a fine oopper Constantine thenrocouple (±l.0°C) 

and plotted as a ftmction of tine using a Rustrak M::rlel No. 22637 

recorder. The recorder has a response ti.Ire of 1 second and chart 

speed of 30 inches per hoor. The sarrple tube was lowered into an 

ethylene glycol bath and chilled sufficiently to freeze the sarrple. 

When the solution was frozen the tube was rercoved fran the bath, and 

clamped inside a larger glass tube to slow the rate of heat absorp

tion. The sarrple was then permitted to warm slowly. The Liquidus and 

Solidus temperatures were detennined for each sarrple on the cooling 

cycle and again on the wanning cycle. On the cooling cycle Liquidus 

(Li) was detected as a shaJ:p decrease in the rate of descent of the 

recorder pen (heat was being liberated as solids fonred) • A level 

plateau was sorreti.Ires observed, followed by a return to the original 
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rate of descent of the pen. The return to the original rate of 

cooling was taken as the Solidus (E1) point. This point was also 

checked by observation. A similar Solidus (E2) and Liquidus (L2) 

cu.rv-e was traced in reverse on the wann-up cycle. 

2. Lal:oratory Test Results 

In this section the test results for the preliminary CMA 

sarnples (Task B) are detailed. The results of the testing procedures 

described above (Section V.B.l) are presented in tables 2-12. 

The ccmnercial use of CMA will depend in part on how easily it 

can be handled and how rapidly and efficiently it rrelts ice. The 

results shown below give an indication of how CMA might perfonn in 

field use. We used these results to fine tune the processing; three 

additional samples were prepared after fine tuning the process (Task 

C) and tested. 

The particle size distribution of the 'as produced' Task B 

sarnples are shown in table 2. Also shown are the particle size 

distribution limits for Grade 1 sodium chloride. All five Niro 

sarnples and the Ferro-Tech samples are SCIIE'What smaller than the 

desired size for sodium chloride. ~ver, both Niro and Ferro-Tech 

can recycle the product until the desired size distribution is achiev

ed. Samples of CMA produced by SRI, Ganey Chemical as well as a rock 

salt sarnple provided by the State of Pennsylvania oor were analyzed. 

The average particle size of the Ganey sanple appears to be larger 

than the other CMA samples. 

Table 3 lists the results of our friability testing. These are 

qualitative tests. The results indicate that CMA is rrore easily 

camri.nuted than rock salt. The quantitative attrition loss tests are 

a better rreasure of how much dusting might be expected in practice. 
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In table 4 are shown the results of attrition testing on our 

Task B CMA sarrples. The data indicate that the SRI sarrple used and 

the Ferro-Tech sarrple suffer the ¼Drst attrition losses. Niro sarrples 

#3, 4, 5 all show low attrition losses. 

ASIM E20-62T was used to detennine the crystal structure and 

habit of CMA sarrples. This test is used for ma.crostructure (shape and 

fonn) determination. The smallest discrete units identifiable are 

classified as needles, plates, agglarerates, or as shapes confonning 

to the six crystal system. A low power Stereo (0."'!-4X) zoan micro-

scope was used with a 2X hand magnifier to facilit observation of 

particles. The procedure applies best to particles .:etween 0.2 and 

0.4 microns. The lower limit is irrposed by the resolving power of the 

microscope. A No. 325 (44 microns) standard sieve was used is a for 

re:roving the smallest discrete particles. The particles above the 

subsieve range in size were segregated and analyzed. Those of the 

subsieve (No. 325 mesh) range were optically separated. Fran obser

vations that were ma.de (see table 5) it was concluded that all of the 

smallest discrete units (-325 mesh) produced by either FBSG or TBG 

were polycrystalline particles. The +325 mesh G1A solids were poly

crystalline particles which formed enrreshed masses by layering. FBSG 

#3 G1A has a much srroother layering and TBG Uhas greater porosity 

than any other CMA produced. SRI G1A solids are also polycrystalline 

in nature with layered material of relatively smaller individual sizes 

than either the FBSG or TBG G1A. Ganey 01A solids are also polycrystal

line particles. They are of a greater size and have a srroother 

surface. No single crystals of CMA carponents were found in any 

sarrples. 

The hygroscopic tendency of the 01A products was detennined. 

This property could effect how Q1A will be stored in the field or how 

rapidly it has to be used after being manufactured. In table 6 are 

shown the results of three separate tests of hygroscopicity. The test 

procedures were outlined above (Section V.B.1). The data in table 6 

indicate that these sarrples gain only small quantities of water. In 
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the vJOrst case, 93% relative hmn.idity, the Ferro-Tech sanple increased 

1.2 wt% of water; all others were lower. The data also show that if 

present, water will not easily leave the 01A crystal ( 'dry' data, 

table 6). 

The results of chemical analysis for ca, M:J, acetate, and water 

are shown in table 7. Since excess acetic acid can be strongly chemi

sorbed onto O!A, the pH of 10 wt% solution was also detennined. 

Excess acetic acid vJOuld prarote rapid corrosion of bridge deck 

rebars. The initial Niro and Ferro-Tech products all had ca/M;J 
(atanic) values very close to the desired ratio of 3/7. Ganey and SRI 

products were close to equinolar in ca and M:J. The finished ( 'as 

received' ) Ferro-Tech prcxiuct had rrore rroisture than the Niro prod

ucts; prolonged drying or drying at a higher tercperature (less than 

200°F used initially by Ferro-Tech) vv0uld reduce the rroisture content. 

Also shown in table 7 are the expected analyses for 0.6Ca.l.3 

~- (C2H3o2) 4 .O.SH20. It should be noted that all the 

acetate analyses of the experimental 01A products are lower than 

expected. Clearly, excess acetic acid was not incorporated into any 

of the 01A products. The lower than expected values indicate that 

excess heating caused limited decarposition of the acetates; corre

sponding oxides result. The Niro #5 prcxiuct was slightly vv0rse in 

this regard than the other prcxiucts. cao.M:J() in the product will 

lower the ice rrelting capability of the prcxiuct. In addition, the 

oxides will slowly be cooverted to the hydroxides in water. M:>re 

precise control of the drying temperature should eliminate this 

unwanted product. 

The calculated heats of solution are tabulated in table 8. It 

is not clear why the Niro #3 sample has a distinctly lower heat of 

solution than the Niro #5 or Ferro-Tech sarrples. Heats of solution 

are usually detennined for dilute solutions. It is possible that sane 
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ananalous concentration effects are causing the observe results. 

The loose bulk density of several CMA products was detennined. 

The results are presented in table 9. CMA is al::x:)ut ½ as dense as rock 

salt. The Niro# 1, 2, 3 samples had the highest loose bulk density. 

The ability to m:lt ice is a critical property for de-icing 

solids. Initial ice-malting rate and total ice-m:lting capacity are 

irrportant perforrrance factors. In table 10 and 11 are shown the 

results of ice-m:lting tests using tv.o different m:thods. Table 10 

shows the results of the FHWA m:lting m:thod for CMA products. In 

this test a small quantity of CMA is placed in the center of a pyrex 

dish that is partially filled with ice. The apparatus was contained 

in a therrrostatically controlled freezer. 

The FHWA test in our hands produced inconsistent results. For 

instance, results of Niro #5 sample are shown in table 10. While the 

quantity of CMA is approximately doubled, 1.912 g to 3.822 g, the 

quantity of m:lt collected increased by 8% (2.7 - 2.5/2.5). The 

results for the Ferro-Tech sample were even ~rse; no m:lt was col

lected at any quantity of CMA awlied to the ice surface. 

We also m:asured ice-malting ability of CMA using a rrodified 

South Dakota test. In this m:thod, ice (30 gm) was placed in a 

funnel. CMA (10g) was layered on top of the ice. The terrperature of 

the test is controlled by placing the apparatus in a themostatically 

controlled freezer. The m:lt is collected over time and detennined 

gravirretrically. The results of ice-malting capacity using this test 

are shown in table 11. Ice-malting capacity data for rock salt (Penn 

oor sample) using this test are also shown. ·The ice-malting data were 

obtained at several tenperatures. The data show the initial ice 

m:lting rate (0 time to +2 hr) for all Niro samples is faster than the 

Ferro-Tech material. lbwever, all CMA samples -were slower in m:lting 

ice than rock salt. The initial ice melting rate data are plotted in 

Figure 1 (for convenience). Again, there is a clear difference 
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between the 01A products; Niro OlA melts ice faster than Ferro-Tech 

OJA. 

The data displayed in Figure 1 (and table 11) sha-1 that rock 

salt initially melts ice faster than the OlA products tested. Ha.,

ever, the initial melting rates change with tirre and at longer tirres 

01A melt rates approach that of rock salt. For instance, approxi

mately 60 minutes after application, the observed melting rate for 

rock salt sl<Ms down and approaches that of 01A. After approximately 

3 hours rock salt has produced the maxirrurn quantity of melt. As shown 

bela-1 for production sarrples, quantities of rnelt slllti.lar to that of 

rock salt are produced by OlA at longer application tirres. Hence, ice 

melting capacity of OlA carpares favorably with that of rock salt. 

The slower initial ice melting rate suggests that early warning and 

application of OlA in the field are :i.Irportant factors for rraxirnum 

efficiency. 

The individual OlA sarrples tested displayed sare differences in 

ice melting rates (Figure 1). Niro #3 displayed a faster initial rate 

than the Ferro-Tech material. However, the melt capacity of the test 

OlA sarrples were all approximately equal at longer tirres. After 2.5 

hours, the Niro #3 and Ferro-Tech sarrples gave 24.2g and 24.6g respect

ively. Under conditions of this experiment, there is no significant 

difference in the ice melting capacity between these sarrples. All 01A 

sanples tested seemed to exhibit a decrease in ice melt rate around 2 

hours after application. After 2 hours melting continues but at a 

slower rates. 

The solubility terrperatures of several Q.1A solutions were 

determined. The results are presented in table 12. The data sha-1 

very similar solubility characteristics for the Ferro-Tech and Niro 
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sarrples. Also shown in table 12 are data for rock salt solubility. 
At every concentration tested, rock salt exhibits a lower solubility 

temperature than 01.A; the solubility terrperature difference between 

01A and rock salt increases as the solution concentration increases. 

For instance, a 10% solution of NaCl in water gave a solubility 

temperature of 17°C; 10% 01A in water gave solubility terrperatures 

4-10°C higher. However, 30% NaCl dissolved at 30°C while 30% 01A in 

water dissolved at 63-72°C. This solubility behavior accounts for the 

faster initial ice malting rates of rock salt carpared to 01.A. 

Eutectic prq:erties were determined for the Ferro-Tech and Niro 

#5 sanples. These properties were determined by maasuring Liquidus 

and Solidus vs. tenperature for varying CMA solution concentrations. 

The data are presented in Figures 2, 3. In theory, freezing point de

pression, a colligative property, is dependent only on the number of 

species in solution. In Figure 1, the Ferro-Tech sanple, an increase 

in freezing point (Solidus) is noted as the 01A coocentration increases. 

It is possible that an unexplained association is occurring. Alter

natively, calcium may be precipitating (as Ca(OAc) 2) fran solution. 

We can offer not other explanations for this ooservation. 

3. Conclusioos 

The sanple quantities of 01A produced by Niro were excellent in 

all tests conducted. The Niro sarcples showed low attrition losses 

(table 4) did not absorb nuch atirospheric water (table 6) and malted 

ice (initially) faster than the Ferro-Tech sanple. Both the Niro and 

Ferro-Tech sanples were quite close to the desired 3:7 Ca:~ (atanic) 

carrp::,sitioo. ratio. The Ferro-Tech sarcple seemed to have the least 

quantities of insolubles (visual examination of redissolved solu

tions). The presence of .insolubles could be related to decarp:)sition 

of the acetates during drying; Ferro-Tech 01A dried at a lower 

tenperature than Niro product. However, the Ferro-Tech product had 

roore rroisture present (table 7). 34 



Drying 40% CMA solutions at all three rranufacturers proved 

difficult. The high viscosity and tendency of the solutions to fonn 

gel caused processing problems. Fine control over process variables 

must te achieved. After discussion of the data with the COI'R we 

decided to proceed with Task C in the following way: a larger sample 

of 3:7 ca:Mg ~ld te prepared by Niro using their well controlled 

fluidized bed spray granulator; a sarrple of 1:1 ca:M:J v.euld te made by 

toth Ferro-Tech using their turrble bed dryer and Niro using their 

fluid bed dryer. 'Ihe latter experim:nt was included to observe the 

effect of l~r M:J content on processing by toth rrethods. Larger 

samples of 01A produced by tv.e different rrethods allowed further 

carparison of drying rrethods. The larger sample sizes might allow the 

manufacturers to operate under conditions rrore like those used for 

camercial sized nms. The results of Task C follow. 

C. Production Material Tests (Task C) 

A larger quantity of 01A (3:7 ca:M:3") was produced by Niro. Niro 

made tv.e sanples under conditions similar to Niro #2, #3 (above); Niro 

P #2 to have Ca:M:J of 1: 1 while P #3 ~ld have ca:Mg 3: 7. These will 

be designated Niro P #2 , P #3. Ferro-Tech produced another 01A 

sarrple of close to 1:1 ca:Mg (designated TOO-P #1). We also examined 

the properties of two other production sarrples of 01A: 1:1 ca:M:3" 

prcxiuced by SRI International and Ganey Chemical. 

An abbreviated series of laboratory tests were perforrred on 

these materials. The task B sarrples showed that rrost of the 01A test 

properties were similar. 'Iherefore, the Task C testing was limited to 

those tests which \o,Olld afford the test predictions of field use 

results. '!he tests perform:d were: attrition; particle size; hygro

scopicity; l::w.k density; friability; ice-melting (FHWA and S. Dakota); 

chemical analysis (Ca, M:J, acetate, water). Due to limitations of 

sarrple size, all tests were not perforrred for all sarrples listed 
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1. Test Results for Production Samples 

Test results for production sarrples (Task C) of CMA are listed 
in tables 13-20. 

In table 13 are shown the results of the attrition losses of 
Task C sanples. Attrition losses for the Niro sanples were higher 

th.an in the pilot runs while losses for the Ferro-Tech (1:1 ca:M;) 
sarrple were lower th.an in the pilot runs (cacpare table 13 results to 

those shown in table 4). 

Attrition losses will drive up the price of any de-icing 
product; dusts produced will be lost during shipping, transport and 

use in the field. CMA dust is not an efficient de-icer and can be 

easily blCMn off roadways or bridge decks. Large CMA de-icing 

particles melt through accurrulated ice effectively. 'lbe presence of 

dust in the product decreases the arcount of large particles used per 

truckload to efficiently melt the ice and snow. 

The particle size of the production run sarrples is shown in 

table 14. 'lbe particle size distribution of these sanples is sarewhat 

different fran the pilot run sanples (table 14 vs. table 2). Hcwever, 

these differences prd:>ably do oot account for the differences in the 

attrition rate ooserved. 

As indicated above, these Task C CMA products have sorrewhat 

different particle size distribution fran Task B sanples. Both the 

Niro and Ferro-Tech processes can easily alter the particle size 

distribution of CMA. This is accarplished by recycling undersized 

material to the dryer. OVersized material can be crushed to the 

desired size and used directly. The wider size distribution of rock 

salt (table 14) is typical of a crushing operation rather th.an a 

controlled drying process. 
36 



The friability of the production sanples was also detennined 

(table 15). These results seem to indicate and confinn that the Niro 

P #2, and P #3 products are softer and rrore easily broken than the 
pilot run sarrples. 

The hygroscopicity of the production sanples were also rreasur

ed. The results are SilO'w'n in table 16. The Niro and Ferro-Tech Task 

C samples were all rrore hygroscopic than the pilot plant runs (carpare 

data in table 16 with data in table 6). The increased affinity for 

water in these sarrples apparently affects the initial ice-rrelting rate 

(see below). We note that all products are rrore friable and roore 

porous than the previous pilot plant products (table 15). 

The bulk density (loose and packed) was detennined for these 

production samples ( table 1 7) • The results are in the sane range as 

the initial pilot run sanples (table 9). 

The chemical analysis of the production sanples are~ in 

table 18. In these production runs the desired ca:Mg was: Ferro-Tech 

TBG Pl, 1.0; Niro P #2, 1.0; Niro P #3, 0.42. The Niro P #3 product 

was closest to the desired product. The water content of these 

products were also higher than in the previous pilot runs (table 7). 

The increased hygroscopicity, and water content could be inp:>rtant 

factors affecting ice m:lting ability (below). 

Hygroscopicity of 01A products is probably controlled by 

porosity and pore size distribution. For instance, a non-porous or 

hard, film-like surface finish might lower the water absorption rate. 

We do not know if this property of 01A products can be controlled by 

any drying process. 

The results of FHWA ice m:lting tests are shown in table 19. 

In general, good de-icers show reproducible quantities of m:lt in this 

test. The Ferro-Tech TBG Pl sarcple gave narkedly lower m:lt yields 

than either Niro sarnple. In sare cases, less m:lt was recovered 
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despite higher application rates of CMA product. For instance, 

applying 1.43g of Ferro-Tech TBG Pl 01A gave a melt yield of 0.33g; 

1.91g of Niro TBG Pl gave a melt yield of 0.04g. These latter data 

illustrate the difficulties of the FHWA test with relatively pcx:>r 

de-icers. Hence, the Niro 01A prcxiucts are l:etter de-icers than the 

Ferro-Tech prcxiuct according to this test. 

The s. Dakota ice melting test results are shown in table 20. 

This test seems to l:e l:etter suited to distinguish anong relatively 

slow (carrpared to rock salt) de-icers. 'Ihe data show that both Niro 

samples give significantly faster initial ice melting rates than the 

Ferro-Tech sanple. Five hours after application, the melt yields fran 

the Ferro-Tech and Niro samples are carparable. For instance, 30 

minutes after application the s. Dakota melt yields average 6.46g 

carpared to 1.8g melt fran the Ferro-Tech sarrple. The 5 oour melt 

yields are: 25.02g for Ferro-Tech; 26.19g for Niro FBSG #2; 2318g for 

Niro FBSG #3. These data are also plotted in Figure 4. Figure 4 

clearly shows the superior initial ice melting rate of the Niro 

samples. 

Also shown in table 20 ares. Dakota ice melting test data for 

Ganey, SRI, and rock salt sarcples. These sarcples were run at a 

slightly lav.er ten~ature than the Niro and Ferro-Tech sarcples so 

that direct carparison l:etween the 0t.10 sets of sarrples is not possi

ble. Rock salt, as expected, exhibits a very fast initial melt rate. 

We expect that at loog ti.Ires, these 01A products \oA'.)\lld prcxiuce about 

the sane anDJI1t of rrelt as rock salt. 
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VI. CDNCLUSICNS 

The production of pilot sarrples of 01A by tl..llilble bed drying 

(Ferro-Tech) , fluidized bed spray granulation (Niro) , and flash drying 

(Desicco) encountered several problems. Solution viscosity of 40% 01A 

solutions was a significant problem. HCMever, purrps exist to handle 

those solutions. Desicco encountered problems with partially dried 

material adhering to the dryer walls; a larger diarreter flash dryer 

was reccrmended. Both Ferro-Tech and Niro pilot products were accept

able. The Niro products had higher initial ice rrelting rates than the 

Ferro-Tech product and were slightly rrore dense. In all other respects 

the pilot products were similar. 

In Task C, three extra 01A products were made. Ferro-Tech 

produced a 1:1 ca:Mg product. This product handled sarewhat rrore 

easily than the 3:7 01A product. HCMever, the properties of 1:1 Ca:Mg 

tumble bed dried 01A were slightly inferior to the pilot run (3:7 

Ca:Mg) product. For instance, ice rrelting rates of the Ferro-Tech 3:7 

Ca:Mg pilot 01A product were significantly higher than the 1:1 Ca:Mg 

product. 

The Niro production products, P #2 and P #3, were also slightly 

inferior to the pilot run products. The ice rrelting rates of the Niro 

production products were slCMer than the Niro pilot products. Interest

ingly, there was little difference in properties between the 1.2:1 

Ca:Mg (Niro P #2) and 3:7 Ca:Mg (Niro P #3) 01A products. Both Niro 

production products exhibited slightly better physical properties than 

the Ferro-Tech sanples. 

The ma.in purpose of this contract was to find efficient ways to 

dry 01A solutions. Presunably, ferrrentation rrethods will be used to 

produce 01A solutions. Efficient water rerroval will be an important 

part of cCIIIn:rcializing 01A. HCMever, the user of 01A is rrost concern

ed with whether 01A will rrelt ice. A second and very important user 

question will be whether the benefits of using 01A justify the increas-
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ed cost carpared to rock salt. OUr data pe.rmit a partial answer to 

the first question. 

There is no doubt that CMA rrelts ice. Ha<1ever, the rate of ice 

rrelting using CMA is slower than that of rock salt. These differences 

are esp:cially pronounced at short tirres after application. Rock salt 

shows a much higher initial ice rrelting rate. One irrplication of 

these ice rrelting rate data is that early warning and action by road 

crews is probably rrore i.rrp:)rtant for CMA than for rock salt. Ha<1ever, 

ice-rrelting capacity of CMA is ccxrparable to rock salt. Hence, if 

de-icer is spread early enough, equivalent rrelt should be found from 

CMA and rock salt. 

CMA is also a softer, less dense material than rock salt. 

Attrition losses and loss of dusty CMA £ran road beds will be greater 

than that of rock salt. Since the density of CMA is aba.lt 1/2 that of 

rock salt, a truck of about twice the capacity (volurre) must be used. 

These properties of CMA are less desirable than rock salt. Hence, 

fran handling and initial ice rrelt data, CMA is a less useful product. 

Ha<1ever, reduced corrosion and pollution using CMA render this product 

an attractive alternative to rock salt. OUr data also indicate that 

fluidized bed drying of FMA solutions results in a better solid CMA 

product. 

40 



VII. RECCM1ENDATICNS 

We recarrrend that Q1A solution be dried by fluidized bed spray granu

lation. We also recarrrend that further research be conducted into 

flash drying. Flash drying studies should concentrate on optimizing 

the dryer size and feed solution concentration and rate so that 

partially dried material will not adhere to dryer walls. 
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Table 1 
CLASSES OF DRYERS FOR LIQUIDS & SOLIDS 
(Adapted Fran Perry's Chem. Eng. Handbook 

5th Ed., Sect. 20, pp. 18 & 19) 

Suited for Drying Liquids (Solutions, Slurries and Pastes) 

1. Continuous Tray or Belt - suitable for pastes, sludges and 
filter cakes. Dried pro:lucts are in cake or cnmib form. 

2. Rotary or Tumbling Bed Dryers - solutions and slurries can be 
dried, if they are preblended with a stream of previously dried 
pro:luct. Pro:lucts range fran fine :i;:x:M:iers to agglarerated 
granules. 

3. Pneumatic or Flash - hot gases vigorously mix and dry injected 
solutions and slurries. Fine atanization of liquid causes 
rapid drying. Pro:luct is a fine :i;:x:M:ier. 

4. Spray - similar to 3. Hc:Mever, a large chamber is used in 
which gas velocities are low. As a result, pro:luct is a 
mixture of course porous spheres plus p::,,Jder. 

5. Screw Conveyor - a heated screw or an externally heated rotat
ing cylinder gently conveys pastes or a solution/slurry wetted 
recycle stream of dried pro:luct. The absence of a drying gas 
stream el.irninates dust carry out. Pro:lucts are in cnmib form 
with sare p::,y;der. 

6. Fluidized Bed - a low velocity gas stream suspends and dries 
granules which are fonned by injecting solution onto a pre
existing or recycle stream of fine particles. Hard layered 
granules can be made cy controlling rate of liquid addition 
terrp:rature and residence tine. 

7. Drum - solution is poured over an internally heated rotating 
cylinder. Dried material is scraped off. Pro:luct is granular 
upon process canpletion, however, the ultimate friability and 
strength of the pro:luct is dependant upon the material itself. 

Suited for D:cying ~ Solids (Pcw::lers, Granules, sheets, Large Objects) 

8. Batch Canpart:Itent - Trays or shelves are used to hold drying 
pastes and sludges. High inves'brent and operating costs. Long 
drying tines; best for low capacities. 

9. Batch Through Circulation - Similar to 8. Shorter drying tines. 
Pastes and sludges must have stable shape to allCM passage of 
drying gases. 
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Suited for Drying Wet Solids, Continued 

10. Continuous Through Circulation - similar to rotary dryer. 
Tumbling flights are wide shelves -which suppress tumbling action. 

11. Continuous Sheeting - suitable for continuous fabric drying. 

12. Vacuum Shelf - suitable for small batch production. Expensive, 
used on high value, heat sensitive materials. 

13. Vacuum Freeze - suitable for high value, heat sensitive 
materials. 

14. Pan - suitable for small batch eva?)ration to dryness, where 
recovery of solvent is necessary. 

15. Vacuum Rotary - suitable for small batch drying of heat sensitive 
materials fr where solvent recovery is necessary. 

16. Heated Rollers - useful for drying sheets of thin materials. 

17. Vibrating Tray - useful for drying free flowing materials having 
low rroisture content which need to be conveyed. 

18. Infrared - useful for drying thin films (coatings); electricity 
is costly for of energy. 

19. Dielectric - useful for rercoving small arrounts of rroisture £ran 
large objects. Electricity is a costly form of energy. 

44 



Sieve 
Size 

1/2" 

3/8" 

#4 

#8 

#30 

Table 2 

PARI'ICLE SIZE ANALYSIS 

(Percent by Weight Passing) 

Tumble Bed 
Fluid Bed Seray Granulation Granulation 
Run l Run 2 Run 3 Run 5 Run 1 SRI 

100.0 100.0 100.0 

100.0 99.3 99.5 100.0 100.0 99.l 

99.3 96.8 98.8 96.2 95.0 98.9 

92.0 89.6 59.1 62.5 5.6 89.2 

1.3 5.3 0.2 0.2 0.1 0.12 
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Penn 
Dot ASI'M 
Rock Salt 

Ganey Salt Limits 

100.0 100.0 100 

90.9 98.6 95-100 

23.0 85.2 20-90 

0.6 62.1 10-60 

0.2 11. 9 0-10 



Table 3 

OOALITATIVE FRIABILITY TEST RF.SULTS FOR TASK B SAMPLES 

Niro SartJ)les: 

All five sarrples were harder than the 1:1 SRI product and approxi

mately as hard as the Ferro-Tech sample 

Ferro-Tech Saxrple: 

Harder than SRI sarrple; approximately as hard as Niro samples 

SRI Sarrple: 

tvbst friable 01A sarrple studied 

Fock Salt: 

Significantly less friable than any of the 01A sarrples 
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,., 

Sarrple 

Ferro Tech 

Niro #1 

Niro #2 

Niro #3(b) 

Niro #4 

Niro #5 

Rock Salt 

Table 4 

ATTRITICN IDSS (PERCENT) 

+20 Mesh Presieved Not Presieved(a) 
Attrition loss (%) Attrition Loss (%) 

8.74 7.5 

2.00 9.8 

4. 72 2.4 

1. 96 3.4(1st) 2.6 (2nd) 

1.61 1.7 

1.54 2.0 

5.47 15.0 

2.6 (3rd) (c) 

SRI (a) 33.2(lst)35.2(2nd) (c) 

(a) Original% of -20 rresh subtracted fran each -20 rresh after the 
run to obtain% loss. 

(b) Three consecutive attrition tests were run using the same 
sample; the +20 rresh material was not rerroved fran the drum. 

(c) % addition loss fran the succeeding sample. 
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Table 5 

CMA MICROSCOPIC ANALYSIS OF CRYSTAL HABIT AND STRUCI'URE 

Sarrple 

FBSG #1 

FBSG #2 

FBSG #3 

FBSG #4 

FBSG #5 

TBG #1 

SRI 

Ganey 

Rock Salt 

Observations 
CMA 

(-325 Mesh) 

Individual Polycrystalline 
Particles 

It It 

It It 

It II 

It It 

It It 

It It 

It II 

Pure crystal Particle 
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CMA 
(+325 Mesh) 

Individual Polycrystalline 
Particles Forming an 
Enmeshed Mass 

It It 

Individual Polycrystalline 
Particles Fonned into 
Very Sm:>oth Layers of 
Meshed Mass 

Individual Polycrystalline 
Particles Forming an 
Enmeshed Mass 

II II 

II II 

Individual Polycrystalline 
Particles Forming Srrall 
Masses Relative to the 
Above 

Individual Polycrystalline 
Particles Forming Larger 
Masses Relative to the 
Above 

Relatively Large Pure 
Crystalline Individual 
Particles 



Table 6 

HYGROSCOPICITY 'TEST RESULTS FOR TASK B G1A SAMPLES 

Hz!O Wei9:ht Gain ( l) , % of Starting Q1A 

Sarrple P-.mbient ( 2) 93% Rel Hurn Dry 

Ferro-Tech 0 1.2 -0.034 

Niro #1 0.08 0.99 -0.013 

Niro #2 1.07 +0.25 

Niro #3 0.25 0.97 -0.04 

Niro #4 0.21 1.07 -0.01 

Niro #5 0.25 1.01 -0.03 

Rock Salt 0.04 0.51 -0.01 

Ganey 58.5 

SRI 62.1 

(l) See Section V.B.l for outline of test rrethcx:1. 

(2) These tests were performed by allowing the sarrples to 
equilibrate ambient rroisture over a seven-day pericd. The 
ambient hurnidity was detennined using a wet bulb technique: 
Rel. Hurnidi ty 

Day 1, 53% 
Day 2, 52% 
Day 3, 59% 
Day 4, 58% 
Day 5, 69% 
Day 6, 80% 
Day 7, 85% 
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Table 7 

RESULTS OF CHEMIC.AL ANALYSIS OF TASK B CMA SAMPLES 

Analysis of 01A, wt% 

Sample Ca (1) Mg(l) Acetate H~O EH [Ca/Mg] (3) 

Ferro-Tech 9.66 13.13 71.0 11.7(4.8)(2) 9.4 0.44 

Niro #3 13.4 18.15 72.0 3.59(3.0) 9.3 0.44 

Niro #5 8.7 14.12 69.0 3.19(1.4) 9.6 0.37 

SRI 11.5 8.19 76.6 5.50 0.84 

Ganey 13. 7 9.7 72.2 4.00 0.85 

Ca0.6 Mgl.3 

(C~302) 4 
. 8.00 10.51 78.5 2.99 0.46 

o. 20 

(l) Detennined by atanic absorption spectroscq,y. 

<2) water values (in parentheses) detennined by weight loss 
after drying at 110° for 24 hours. 

(3) M:>l ratio of Ca/M.:J. 
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Table 8 

HEATS OF SOLUTION OF SCME TASK B CMA PRODtx:TS 

CMA T~. L' (H 0) M L (CMA) L (CMA) 
Sarrple (wt %) 1-.£L (Bt6./lb) (L /LI) Btu/lb) 
(Kcal/gm.-.r) 

Niro#3 5 21 1054 4343 3539 

23 1052 4.12 4334 3531 

27 1048 4318 3519 

10 21 1054 3267 2662 

23 1052 3.10 3261 2658 

26 1049 3252 2650 

Niro#5 5 21 1054 5175 4218 

23 1052 4.91 5165 4209 

27 1048 5146 4194 

10 21 1054 4364 3556 

23 1052 2.73 4355 3549 

25 1049 4343 3540 

Ferro-Tech 5 21 1051 5249 4278 

23 1052 4.99 5248 4278 

26 1049 5235 4266 

10 21 1054 3815 3109 

23 1052 3.62 3808 3104 

26 1049 3797 3095 
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Table 9 

LOOSE BULK DENSITY OF TASK B CMA PRODUCTS 

Sample Density (lb/ft3) 

Ferro-Tech 24.8 

Niro #1 34.2 

Niro #2 35.7 

Niro #3 34.2 

Niro #5 31.3 

Rock Salt 73.4 

Ganey 29. 

SRI 37. 
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Table 10 

FHWA ICE MELT TEST RESULTS FOR Q1A. PRODUCT'S 

CMi\ Terrp. Melted 
Sample wt. grns ( OF) H20 gms. 

Niro#5 (1) 0.956 15 0 

(2) 1.434 15 0.97 

(3) 1.912 15 2.5 

( 4) 3.822 15 2.7 

Ferro-Tech ( 1) 0.956 15 0 

(2) 1.434 15 0 

(3) 1.912 15 0 

(4) 3.822 15 0 
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Table 11 

ICE MELTI~ RATE AND CAPACITY TESTS FOR 'l1ISK B CM/\ Jll(l)lrl'S 

Tenperaturc Initial Melted up Wei9ht (Gram.s) 
Sarrple oc op Bottle Wt .30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 5:00 78:00 85: 00 Tine/ (hr) 

Ferro-Tech -20 -4.0 76.64 NC NC NC NC NC NC NC NC NC NC 4.47 6.37 
-10 14.0 NC oc X X 5.17 6.80 
-5 23.0 8.13 12.74 16.85 20.96 22.12 24.40 26.55 
-2 28.4 12.24 17.24 19.75 23.03 24.62 26.39 

Niro 11 -20 -4.0 75.15 NC NC NC oc NC oc NC NC oc NC oc NC 
-10 14.0 1.41 3.41 X X 6.15 7.06 
-5 23.0 12.4 16.68 20.01 24.02 25.05 26.93 29.21 
-2 28.4 13.01 17.41 19.90 23.35 24.6 25.12 

Niro 12 -20 -4.0 76.58 NC NC NC NC NC NC NC NC NC NC 1.02 2.33 
-10 14.0 1.02 3.49 X X 4.92 5. 72 
-5 23.0 11.24 15.34 17.95 20.76 21.57 23.37 26.37 
-2 28.4 13.49 16.36 18.01 19.49 20.33 21.69 

Niro 13 -20 -4.0 76.45 NC NC NC NC NC NC NC NC NC oc 4.89 5.66 
-10 14.0 4.01 7.48 X X 11.82 12.96 

U1 -5 23.0 11.51 15.95 19.95 23.41 24.22 25.93 27.76 
.,::,. -2 28.4 13.48 16.68 19.08 23.00 24.46 25.78 

Niro 14 -20 -4.0 75.28 oc NC NC oc NC oc NC NC NC NC 0.96 1.78 
-10 14.0 NC 2.17 X X 5.74 7.08 
-5 23.0 11.93 16.18 22.1 22.19 22.37 23.54 25.51 
-2 28.4 15.41 19.28 21.03 22.94 24.07 24.80 

Niro 15 -20 -.40 75.33 NC NC NC NC oc oc NC NC NC NC 1.93 2.85 
-10 14.0 4.66 6.87 X X 9.44 10.66 
-5 23.0 11.91 16.23 19.43 22.31 22.57 23.88 25.70 
-2 28.4 13.95 17.53 19.7 21.89 22.81 24.62 

lo:::k Salt -20 -4.0 76.95 4.4 5.6 7.87 11.69 13.45 14.86 17.02 17.76 19.06 19.92 25.34 31.20 
-10 14.0 9.44 17.7 X X 31.35 33.46 
-5 23.0 18.68 24.64 29.55 31.99 32.10 32.62 34.37 
-2 28.4 20.56 27.22 30.34 31.86 31.82 31.87 



Table 12 

SOLUBILITY CHARAC:TERISTICS OF 10, 20, 30 wr % TASK B 01A SAMPLES 

Sample Wt% Q1A Solution Solubility Point, oc 

Ferro-Tech 10 27 
20 37 
30 63 

Niro #1 10 21 
20 32 
30 68 

Niro #2 10 24 
20 36 
30 64 

Niro #3 10 23 
20 36 
30 65 

Niro #4 10 27 
20 37 
30 73 

Niro #5 10 23 
20 34 
30 72 

Rock Salt 10 17 
20 22 
30 30 
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Table 13 

A'ITRITICN TEST RESULTS FOR FERRO-TECH AND NIRO 
TASK C Q1A PRCOUCTS 

Sample 
Before Attrition 

+20 Mesh, gm 

Niro, P#2 

Niro, P#3 

Ferro-Tech, TBG Pl 

Rock Salt (l) 

SRI (l) 

46.22 

81.60 

45.43 

After Attrition, 30 min 
+20 Mesh, gm -20 Mesh, gm 

42.65 

73.20 

42.67 

3.57 

8.40 

2.76 

(1) Data fran table 4; for carparison. 
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% Losses 

7. 72 

10.29 

6.08 

5.47 

33.2 
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Table 14 

PARI'ICLE SIZE DISTRIBUTIOO OF TASK C CMA. PKlOUCI'S 

Ferro-Tech [ 1, 2] TB::iPl Nirot P#2 Nirot P#3 Rock Salt 
Sieve Size wt, gm wt% wt, gm wt% wt, gm wt% wt, gm wt% 

+3/8 0.00 0 0.00 0 0.00 0 1.41 1.42 

-3/8 +4 21.6 21.5 0.04 0.037 0.00 0 13.26 13.34 

-4 +8 74.4 73.9 8.40 7.81 0.40 0.4 22.99 23.12 

-8 +30 4.3 4.3 97.80 90.98 93.70 94.46 49.90 50.19 

-30 (pan) 0.3 0.3 1.26 1.17 5.10 5.14 11.87 11.94 

100.6 100.0 107.50 99.99 99.20 100.00 99.43 100.01 

1 Penn Dot sample of rock salt; analyzed by sieving at EMR. 

2 The follo.ving limits are described by AS™ D632 for Grade 1 sodium chloride (to 
pass): -1/2", 100%; -3/8", 95-100%; #4 U.S. ~sh, 20-90; #8 U.S. ~sh, 10-60%; 
#30 U.S. ~sh, 0-10%. 



Table 15 

RESULTS OF FRIABILITY TESTING 00 TASK C CMA PRODUCTS 

Sarrple 

Ferro-Tech, TBGPl 

Niro, P#2 

Niro, P#3 

Friability 

Slightly rrore friable than Ferro- ';Ch (pilot run 

sarrple); larger size than TBG#l; 3GP2 rrore 

porous than Ferro-Tech (pilot run; see table 3) 

Small, dense hard; rrore friable than Niro (Niro 

pilot sanples 1-5; see table 3); very little 

porosity 

Small particle; rrore friable than Niro (Niro 

pilot sarrples 1-5; see table 3); very little 

porosity 
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Table 16 

RESULTS OF HYGROSCOPICITY(l) TESTS FOR TASK C CMA. SAMPLES 

Initial Weight Final Weight H2o Weight Gained 
Sample (gm) (gm) (gm) 

Ferro-Tech,TOOPl 3.94 5.89 1.95 
(TBG #2) 

Niro P#2 3.98 6.26 2.28 

Niro P#3 3.97 7.55 3.58 

Ganey 4.15 6.58 2.43 

SRI 4.04 6.55 2.51 

(l)Samples were pre-weighed and placed in a dessicator over 
saturated Na2so4.12H20 (93% relative humidity) for 7 days. 
The samples were then rapidly rerroved, weighed and gain in water 
weight determined. 
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Table 17 

BULK DENSITY OF TASK C 01A POClDUCTS 

Density 
Sarrple 

Sarrple wt. ,gm. Vol1.ID1e,ml. Density 9:/ml 

Loose Packed 9:/ml lb/ft3 

Ferro-Tech, TBG#2 30.00 6.50 0.46 29 
30.00 6.30 0.48 30 

Niro, FBSG#2 30.20 51.5 0.59 37 
30.20 51.5 0.59 37 

Niro, FBSG#3 30.00 57.0 0.53 33 
30.00 56.8 0.53 33 

Ganey 30.00 63 0.47 29 

SRI 30.00 50 0.60 37 
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Table 18 

CHEMICAL ANALYSIS OF 01A. PRODUCTS(l) 

Analysis Ca/M;; 
Sarrple % Acetic Acid % H20 Ca,wt% Mt, wt% Atc:mic 

Ferro Tech, TBG Pl 61.1 15.7 9.05 6.90 0.78 

Niro, P#2 66.4 9.2 15.35 7.16 1.29 

Niro, P#3 61.0 5.8 8.74 14.01 0.37 

ll)All analyses were i:erfonned by Chem-Clear, Inc., Wayne, PA 19087. 
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Table 19 

FHWA ICE MELTING CAPACITY TESTS K! 25°F FOR TASK C 01A SAMPLES 

Sarrple Pan No. Wt. CMA, gm. Wt. M=lted H20, gm. 

Ferro-Tech 

TBG P#l 3 0.96 0.17 

9 1.43 0.33 

2 1.91 0.04 

11 3.82 0.21 

Niro, P#2 5 0.96 6.14 

11 1.43 7.33 

2 1.91 9.17 

3 3.82 22.80 

Niro, P#3 4 0.96 3.49 

8 1.43 5.97 

0 1.91 4.51 

9 3.82 26.64 
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Initial 
Vial 

~ wt.~- 0.5 hr 

Ferro-Tech 
TBGt2 70.21 72.01 

(1.8) (1.8) 

Niro 
FBSGl2 71.26 78.02 

(6. 76) 

Niro 
FBSGt3 69.90 76.00 

(6.10) 

CTI 
w 

Sanple 

Ganey 

SRI 

a:x:k Salt 

1.0 hr 

75.02 
(4.81) 

80.10 
(8.84) 

78.84 
(8.94) 

Table 20 

SCUlli rw<arA IQ; MELTIN:; CAPACITY TESTS N£ 25°F (10g CMA./30y !Ct 
VIAL WEIGHT WI'lll MELT, <JU (~1 MELT) 

1.5 hr 2 hr 2.5 hr 3 hr 3.5 hr 4 hr 4.5 hr 5 hr 5.5 hr 

80.51 83.84 85.06 85.69 86.02 88.73 91.47 95.23 98.00 
(10.3) (13.63} (14.85} (15.48} (15.81) (18.52) (21.26} (25.02) (27. 79) 

84.71 88.56 90.10 90.87 91.08 92.50 95.33 97.45 99.08 
(13.45) (17 .30) (18.84) (19.611 (19.82) (21.24) (24.071 (26.19) (27.83) 

83.59 86.45 86.67 87.87 87.90 88.36 90.26 93.07 95.28 
(13.69) (16.65) (16. 77) (17.97) (18.00) (18.40) (20.36) (23.18) (25.38) 

scorn J:W<Ol'A ICE MELTING RA'IE AND CAPJ\CITY TESTS 

Initial Bottle 

b hr 

98.53 
(28.32) 

99.28 
(28.021 

95.90 
(26.00) 

Tenperature Melted tt._p weight (gml 
oc op Weight (~) Tine (hr): 0.5 1.00 1.5 2.00 2.5 3.00 22.5 

-5 23 75.10 oc 2.69 9.86 

-5 23 75.42 3.2 10.43 18.81 

-5 23 75.19 8.45 19.26 28.26 

6.5 hr 24 hr 

98.66 100.35 
(28.45} (30.14) 

99.30 99.49 
(28.041 (28.23) 

95.99 98.00 
(26.09) (28.10) 
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