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CMA—An Alternative Road Deicer

The use of sodium chloride (common salt) and calcium chloride has raised controversy hoth in
Alaska and nationwide. These materials can definitely reduce the hazard of wintertime driving
but do so at tremendous expense. Pollution and corrosion damage attributable to chloride salts
effectively boosts their real cost by a factor 10 to 15 when long term effects are considered. For
example, sodium chloride presently selling in Fairbanks for about $125 per ton would De expec-
ted to generate long term damages in excess of $1,000. The regard for public safety which
demands continued use of these readily available materials, has also fueled a search for
something better. A safe and economically viable alternative may now be on the horizon.

National research aimed at providing improved road deicing compounds has identified
Calcium Magnesium Acetate (CMA) as a potential substitute for ualcium and sodium chloride.
CMA is essentially made by dissolving crushed limestone into acetic acid. Its composition,
CaMg(CHJCCOOQ)4, is characterized by a varying ratio of calcium (Ca) to magnesium (Mg) which
depends upon the type of limestone used. The deicirg power of CMA increases with increasing
Mg content but is generally within the range of standard chloride salts. The ret *advantage in its
use stems from its low damage potential. It is non-corrosive to most metals, vjvenyvhen com-
pared to tap water. Toxicity is also low and the material decomposes into the three harmless
components; carbon dioxide, water and limestone. Limestone residue would actually serve as a
soil conditioner for unpaved areas hordering the toadway in sharp contrast to the ground
poisoning effect of a chloride salt. Unfortunately, calcium and magnesium acetates can presen-
tly be obtained only in the very costly and purified form of laboratory reagents. Availability of
CMA inamuch less expensive industrial grade must proceed its use as a deicing agent.



, ADOTPF funded research project was recently completed which examined the possibility of
manufacturing low grade CMA within Alaska. A final report outlining this study was authored by
M.J. Economides and R. D. Ostermann of the University of Alaska titled "Preliminary Design and
Feasibility Study for a Calcium-Magnesium Acetate Unit." The authors discuss production of a
"highway grade” saturated CMA solution on a small scale not exceeding 75 tons (dry weight) per
day. CMA was shown to be economical at production levels above approximately 17 tons per Nay
with predicted costs running $290—$590 per ton depending on production rate and the base
price of acetic acid. For comparison calcium chloride costs almost $650 per ton F.0.B. Fairbanks.

The DOTPF is continuing to sponsor a program of CMA research along two different lines. One
study involves a refinement of the manufacturing process and will result in the design of a CMA
pilot plant. Another project is attempting to take advantage of CMA's ability to retain moisture in
a soil m xture. The possibility exists that it can be used to replace calcium chloride as a dust
control'er and soil stabilizer for unpaved roads.

Robert L. McHattie, P.E.
Senior Research Engineer

DOTPFRESEARCH

further information on any of the topics covered in "Research Notes" may be obtained by ccn-
acting Larry Sweet, Research Manager. A list of publications produced by the Research Section
nay be obtained by writing Barbara Trego, Publications Specialist, 2301 Peger Road, Fairbanks,
Alas'-a 99701 or by calling the Research Section at (907)479-2241.
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Calcium Magnesium Acetate (CMA) 1is a non-corrosive ice oontrol agent which
could replace the corrosive chloride salts currently in use. CMA may also

be useful as a dust control agent. CMA can be produced locally frcm limestone
and acetic acid. The objectives of the proposed research are to develop a
process design (based on previous work) for the production of CMA, construct
and operate a small scale pilot plant based on this design, and demonstrate,
through road tests, the effectiveness of CMA as an ice and dust oontrol agent.
The evaluation of the process uesign would entail a complete economic invest—
ment analysis. The effectiveness of CMA as an ice and dust control agent
would be done by comparison with salt. Work progress will be documented
through quarterly progress reports, followed by a comprehensive field report
including the process design.

The benefits to the State would be threefold: (1) a new r.idustry employing
20-30 people would be created; (2) the high costs of salt corrosion currently
borne by the public and the state and local government would be eliminated; and
and (3) the"blight" caused by salt poisoning of plants along roadways would be
reduced, resulting in a more attractive ccmmunity.

Specifically the objectives of the demonstration are:

1. The development of a final process design for the production of
CMA from acetic acid and native limestone. This design would also
include a complete economic analysis of ths process.

2. The-successful operation of a pilot scale production facility, to *
demonstrate the validity of the process design.

3. The aeirbnstraticn of the effectiveness of CMA as a road deicing
agent in arctic conditions. This would entail a strip test to be
conducted by the State DCT&Pt.

4. The evaluation of CMA as a dust oontrol agent for potential use *
the Dalton highway.

5. The development of a method of application for CMA as a winter—
ization treatment for sand storage piles.

6. The development of an optimal application method for CMA to insure
maximum cost-effective use.



RESEARCH-?ROP.0OSAL

Proce?s Plant Desrgn and Test Agﬁlréatron Program-
or Calcium Acetate as a”on-Corrosive
De-icing and Dust Control Agent ininterior Alaska

EXECUTIVE SUMMARY

Calclum Ma ncsrtfgt Acetate CI\/IAE{ IS 2 NON-COrrpSive, en\gron entaIIP/ benrqn Ice
control agent WhIC nould be use to reg ce the corrosrveChlorr e salts fure n use
In Ala 7 . We a 0 bereve th a an be used to reP ace calcium chloride as a ust
ntro avg & e adverse effects of sa}t %[t automob l)d?e st{uctures anE plant
e are well known. We hﬁve estrm%ted am a\ge to auto es alone In Alaska ma
excee ?20 000,000 annua An obvious Incentive exists for the use of non-corrosiv
chemicals for ice control.

In revrous ork performed under contract t he Ala tate rtmento
TranﬁBort troP Wha]ve IOgemonstr dd that CI\/?& can e ro ucedS IocaIP n
drsi fion of natu Yoccgnng |mestones I cetrc acr ve evelope
rermrnar [)ocess es nan e~7ne:nic evaHBtr ased on our wor

coud P aska for 600/ton (salt eg hvalen
ﬁ?O/t or calc um ¢ Ion elivered tq arrbanks In View of' t
oride salts, CMA at $600 ton IS a bargain.

The results of our rPreyrous work, are h| g encouraging.  We have g ebo%eﬂ
krnetrc data on the reactio acetrc clid Wrt stone an ve constructed a (f
scale reactor In our |a oratorres 0 er urt er data Vhat_rema ns to ?
Is the completion of a full scale rocem desr N an e construction, o u)
acllity. Furthermore a road test asa Ice control agent and dust co tro gent
under arctrc conditions should be conducted.

Research Objectives
We have identified the following objectives for the proposed project:
1, The development of a final Rrocess design for the Productron of CMA

from acetic acid and native limestone. This design would also Include a complete
economic analysis of the process.

a
e estimate at
compared.

e "corrosion costs" Of
C

2. The, successful operation. of a pilot scale production facility, to
demonstrate the validity of the process design.

3, The demonstration of the effectiveness of CMA as a road deicin agent
in arctic conditions. This would entail a strrp test to be conducted by the State D.

4, The evaluation of CMA as a dust control agent for potential use on the
Dalton highway.

D The development of an optimal application method for CMA to ins ;e
maximum cost-effective use.
Project Cost \

The total cost of the proposed research ouldb $196,000, of which $670 ould
besJ rrtes anr?be e By 4ID Wogg 83u 1%5 ﬁser6 ICes [c emr%als& %3, 000
outdbe equipment. re inin 0 Or UnIVersity overne



WORK PLAN

Dr. Ostermann and Dr Economrdes wil use the results of Prevrous
krretrc studres and onfqornrq bench scale work to develop a rlorocess design or a
du scale pr%ductron acl ty Both Dr. Ostermann and Dr. Economides ave
edrees In" chemical engineérin and ex?errencg In the1process Indusfry. |t is
well within their experfise. to perform such a esrg he desrdn will Include
the selection of the optimal” process scheme, and a complete economic
analysis of the process. A flowsheet and equipment list will also be provided.

pilot glant facilit capabte ofproducing, 100 al/de\y (8 hr. day ) will

n the P SS SC em Q arlotb pﬁant | ge operated to

demonstrate eas Ibjlity o the 10CESS, eveop ulk kinetic data and other
design data, an to produce CMA for road tests.

CMA produced |n the ilot plant will be applred to a test strip or tes

Intersection Pnt e Farr ank s orth Star Borou h.” This test WI|| he c nducted
during the wrnter of 1983-84 ”E lask a ersonne truc e% |gg

he buA]t

with @ sand spreader_and s ray ump wr be use since CMA is best a
saturﬁted solution.  The performance of the CMA will be compared with that
of sa

Addrtronal CMA will be used. to evaluate its effectiveness as a dust
control agent I]o Imary mechaanm of dust contro'l| ? moisture retention
Partr ?g omeration.” CMA will be co ITPared to calcium chloride usrng
artr crally pared la oratory roadway samples wl ch can be "Eged" an
observed tor weight loss and ease of “dusting”.

Sand. Is stiored in large pLIes |f these Prles are |nter|z§d they WI||
freeze s lid In the Wrnter Cu(yently salt crystals an %ed at wt' % o
revent reezrn It propose1 thet CMA soly ‘ron could esprayye over the
lle with the same effect hTygothesrs will be checked with a series of
mall scale tests involving several thods of application.

In_copjunction with the road tests, several methods of application will
be tried to etermrnet/h hest” application methodm PP



DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES

OmCE or THE COHISSIOKER

POUCH 7 '
JUNEAU. ALASKA 99811

June 4, 1982

.Re: lce Control Methods
and Materials

Mr. R. A. Bundy
P.0. Box 3-5000
Juneau, Alaska 99802

Dear Mr. Bundy:

This refers to. yiur recent letter concerning 1ice control methods and materials
used by this Department.

In Juneau we use three basic materials to control ice on the highways and in—
crease traction when 1ice is present, namely (1) aggregate consisting of coarse
sand and/or small rock chips, (2) sodium chloride crystals, and (3) calcium
chloride in pellet form or mixed with wa”er to form a brine solution. We only
use the sodium .chloride and calcium chloride on the high traffic volume
highways, 1i.e., Egan Expressway and Loop Road where aggregates are ineffective
because®"the high speed and high volume traffic literally blows it off the road.
Aggregates, of course, do not melt ice already formed - the chemicals do. They
also stop new ice formation through a wide temperature range.

Chemicals are superior to aggregates for ice control. We are, and will
continue, to experiment with new materials that, hopefully, will be less
corrosive, cost effective and still do the job the public expects. When we

find something with those characteristics, |1 assure you that we will stop using
the materials now in use.

Sincerely

.Robert V/. Ward
Commissioner

cc: Patrick P. Ryan
Deputy Commissioner, M&O
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r JAYS. HAMMOND. GOVERNOR-
DEPARTMENT OF TRANSPORTATION AND PUBLIC TACILITIES 7201 PECER ROAD
DIVISION OF PLANNING AND PROGRAMMING
FAIRBANKS. ALASKA 99701-6304
RESEARCH SECTION PHONE: (007] 4702201

March 25, 1982

Re: Calcium Magnesium Acetate (CMA)
Substitute for Salt on Highway
Icing

Mr. Tom Johnson

Senate Resource Committee
Pouch V

Juneau, Alaska 99811

Dear Mr. Johnson:

Per your request, the following 1is some information regarding efforts to
find a substitute for the common salt that has attained widespread use 1in
this country for deicing highways. There has been considerable research on
the problem of corrosion associated with common salt and Calcium Magnesium
Acetate (CMA) has been shown to be an effective substitute.

Our own research has not been directed toward further investigation of the
deicing and environmental qualities of CMA because that information
already exists. Rather our effort has been to study methods of producing
CMA  from industrial grade acetic acid and Alaskan |limestone so that an
economically feasible process can be developed to produce CMA here in
Alaska." Many people feel that some substitute will have to be found to
avoid the current widespread damage to vehicles and other equipment.

Dr. Michael Economides of the Petroleum Engineering Department of the
University of Alaska 1i.. working on our study. A summary report of his work

should be available in three months.

I have enclosed a page further describing the use of CMA for highway
icing. | hope this information is of use to you. I will see that you get a

copy of our report when it becomes available.
Sincerely,

Heinrich Springer
Director

/

.arry Sweet
Research Manager

LS/emc

Attachment as stated. ]

cc: John R:ifoc npnnl-v Cnrwicc4<ongr-



Road deicing chemical -
called superior to salt

lowa Department of Transportation re-
searchers have developed a acicing mate-
rial that is less corrosive than salt, effec-
tive at a lower temperature and is not
harmful to the environment. If it proves
out in tests this winter, the agency expects
to patent the compound and convince a
manufacturer in the state to produce it in
Iar%e quantities. o
“The material, consisting of sand coated
with calcium magnesium acetate, was
developed last month by dot's chief
chemist, Wallace Rippic. So far the com-
Pound has been tremendously expensive
0 produce—S500 a ton compared with
S30 a ton for salt, according to Charles
Huisman, a DOT highway engineer who
is heading the rcsearrh. "But we are
doing it now with a heaker and a mixer in
a laboratory,” he says. Huisman expects
that commercial production will bring the
cost down considerably. _
The mixture does not corrode steel in
Pavemenm and structures. Huisman says
hat its use could double the life of bridge
decks. In addition, it docs not harm plants
or pollute water, he says, and in fact is
beneficial to soil. Also, indications arc
that the compound can be formulated to
.work at temperatures below 20* F, the
lowest limit of salt’s effectiveness. "
One drawback is that it can cause
concrete to spall slightly, says Huisman.
“But we don't think™ it would be so detri-
mental as to preclude its use.”

L,

40 315057

ALTERNATE HICHWAV DEJCING CHEMICALS. EXECUTIVE
SUMMARY

A search has heen made for road Jcicing chemicals to reﬁlace sodium
chloride ff/jCI). The impeius for this search stems from the numerous
drawbacks associated with the prevalent use of NXCl as a road deicer. Alt
types of chemical compounds were reviewed. Selections were made on the
basis of criteria sucf, as water solubility and freezing point lowering,
corrosion, lojticity. relative cost or cost potential, effect on soils and plants
and water supplies, flammability, concrete corr'n;'tibility. traction, friction,
highway performance, etc. Information was sought first in the literature,
then supplemented or verified in the laboratory as needed. Two candidate
deicc s were found to be as effective as sodium chloride. One. methpanoL.
react’, almost immediately upon contact with snow and ice but is less
persistent than Nad. The other candidate, calcim magnesium acetate
(CMA), acts at about the same rate as Nad in the temperature range of
common activity and shows about the same persistence. It gives risr to about
the same descreascs in coefficients of braking traction and skidding friction
as Nad. In strong contrast to Nad. CMA is a corrosion inhibitor, is
beneficial to most soils and has ~o potential for harming drinking supplies.
The unpurified CMA derived frrm solid wastes, primarily cellulose, gives
improved traction and reduces production costs. The methodology fur CMA
production, cost evaluated above, is unsophisticated 19th Century technol-

0gy. Application of modem technology may further lower production costs. !
FANVA) :

Dunn. SA Dunn. A Schenk. RU »
Djorkstcn Research Laboratories. Incorporated. Federal Highway
Administration Fined 'Apt. FHWA-RD-79-109. Mar. 19S0. 17 p.

Contract DOT-FH-11-9100

Ordex Fkom: NTIS

f



(507) 465-3500

June 4, 1982

Re: |ce Contral Methods
ind Materqrals

P rable C||| Ra
as a State Senate
Capitol

c Vv
Juneau, Alaska 99811
Dear Senator Ray:

In reply to your April 5 Inquiry, attached is .a co reply to "t R. A
Sundyprggard}/g rcepcontror] et%ods and materials Bze(? rrrrwthepﬁjneau area.

For Your mfrfrmatron | haYe aIsRAaattached copies ?f sri F recer}t arficles re-

BOT%P esea[] %rnatfrtvlgn . d\(/:rjge%w& fgneshum Acetate (CMA) Tqr s [ 0N

t their effqrts ar bern Ireg
pro ucrnq rom ndustrrar grage ac rc acré anrﬁ Alaska

fmezgﬁ\emseotﬁ % n8 Y feasible process can be Fg
ggjceraw materra antwel arlrear i orte gojgraveorﬁmar : 83? stugy
ang a summary report 0%9 Work rrrouldsfr avaAr Ie in ahout hree months

Sincerely,

Robert \l. Ward
Commissioner

pAﬁtacrr’H‘@rﬁ‘Esk P. Ryan

ﬂ Rates
arry sueetu/”

PW:PPP:csh



Hoad deicing chemical
called superior to salt

lowa Department of Transportation re-
searchers have developed a dcicing mate-
rial that is less corrosive than salf, effec-
tive at a lower temperature and is not
harmfui to the environment. If it proves
out in tests this winter, the agency expects
to patent the compound and convince a
manufacturer in the state to produce it in
large quantities. -

"Fne material, consici:ng of sand coated
with calcium magnesium acetate, was
developed last month by DOT's chief
chemist, Wallace Ripple.

" PaWIWAWA/UIMSBU, uccording to Charles
Huisman, a DoT highway engineer who
is heading the research. “But wr arc
doing it now with a beaker and a mixer in
a laboratory,” he says. Huisman

# wwHyrcrdog
sa’,

decewraf laJatUQOf te.docs not harm planj?,
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Also, indications arc
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iw fix

1 _ :ctlcehc”
Onc*'drawback is that it can cause
. concrete to spall slightly, says Huisman.
“But we dont think it would he so detri-
mental as to preclude its use." O
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40 315057
ALTERNATE HIGHWAY DEICING CHEMICALS. EXECUTIVE

SUMMARY

A starch has been made for road deicing chemic™.i to replace sodium
chloride f//aCl). Tlie impetus for this search stems from the numerous
drawbacks associated with the prevalent use ol }.<Cl as a road detccr. All
types of chemical compounds were icviewrd. Selections were made on the
basis of cnieria such as water solubility and frreting point Inv-cr.ng.
corrosion, losicity. relative cost or cost poiential. effect on soils and plants
and water supplies, flamtnabiliiy, concrete compatibility, traction, friction,
highway performance, etc. Information was sought first in the literature.
lhrn supplemented or verified in the laboratory as needed. Two candidate
dricers were found to be as effective as sodium chloride. One. melhoanol.
reacts almost immediately upon contact with snow and ice but is levs
persistent than NaCl. The other candidate, calcim magnesium acetate
(CMA), acts at about the same rate as NaCl in the temperature rang: of
common activity and shows about the same persistence. It gives nsc to about
the same riescreascs in coefficients of braling traction and vkiJdmg friction
as NaG. In strong contrast to NaCl. CMA is a corrosion inhibitor, is
beneficial to most soils and has no potential tor harming drinkinrl; supplies.
The unpunficd CMA derived from sol'd wastes, primarily cellulose, gives
improved traction and reduces producticn costs. The methodology for CMA
grol.uction. cost evaluated above, is unsophisticated |9ih Century technol-
0gy. Application of modem technology inav further lower production costs.
(FHWA)

Dunn. SA_ Dunn, A Schenk. RU *

Djorkstcn Research Laboratories, Incorporated. Peder-| Highway
Administration Final Rpt. FHWARD-79.109, Mar. 19S0. 17 p.

Contract DOT-FIM 19100
Okdcr From .NTIS
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DATE.

Lynn Harnisch October 14, 1982

Staff Engineer FILE NO-
Planning and Programming
Interior Region TELEPHONE NO-
479-4231
) SUBJECT:
Robert R. Vcnusti Dalton Highway
Director Evaluation

Planning and Programming
Interior Region

The current version of the region®s FY-84 through FY-S9 Transportation
Improvement Program contains a fairly substantial annual allocation of
State funds for improvements to tlie Dalton Highway. To maintain as much
flexibility as possible in where and how the funds can be expended, the
scope of work for each allocation in the TIP is for rehabilitation and
resurfacing, with specific project termini to be identified as the funds

become available.

Due to the continued high level of community and legislative interest in
tlie Dalton Highway, and in keeping with our goal of incorporating the
planning of capital improvements for the highway into our ongoing regional
planning process, we should begin to evaluate a number of different
options for programming something besides annual "maintenance" type
projects for the highway. Hopefully the results of thiseffort will be
an eventual shifting av/ay from the tendency to treat the Dalton Highway
as a politically unique entity, and an increased capability on our part
to identify the need for and program specific categories of projects

(i.e. reconstruction, rehabilitation, surfacing, etc.) along the length

of the facility,....
I suggest the following as a starting point for options to be considered:

a) Rehabilitate the existing road to its original design standards
- gravel surface.

b) Upgrade the road tc current AASHTO standards - gravel surface.
c) Either a) or b),with:

1) Crushed aggregate gravel surface
2) Paved surface,.

d) Either a) or b) with:

1) Asphalt surface treatment
2) Calcium chloride surface treatment.

All of the above options (or appropriate combinations thereof) should be
compared on the basis of life-cycle costs. They should also be evaluated
in the context of recommendations and information coming out of the
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Western Arctic Alaska Transportation Study and the Interior Transportation
Study, as well as whatever Information 1s available pertinent to the
proposed construction of the Northwest Alaska Gas Pipeline project.
Updated traffic forecasts for the highway should consider expanded North
Slope oil development, mineral and other resource development 1n or
adjacent to the highway corridor, and increased tourist traffic.

Once we have attached cost figures to option a) through d) we should be
in a position to make soma basic policy decisions regarding investment
strategies for capital improvements on the Dalton Highway. For purposes
of this analysis we should include the unpaved portion of the Elliott
Highway between Wickersliam Dome and Livengood.

Please prepare a draft outline for this effort, including a proposed
time schedule and budget, for ay review by November 15. I would like to
have the cost estimates for all options to be evaluated available by
mid-February of 1933. The overall evaluations should be completed in
time to be incorporated into the FY-85 CIP development (June of 1983).
If you have any questions, please contact rryself or Larry Soden.

RP.VcLLS/bdc

cc: Steve Sisk
John Horn
John Martin
Jon Uiddis



BUI Sheffield, Governor

DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES 2301 PEGER ROAD
FAIRBANKS, ALASKA 99701
MAINTENANCE AND OPERATIONS, INTERIOR REGION PHONE: (907) 452-1911

March 25, 1983

Ms. Denise Zachery

c/o0 Representative- Mike Miller
House Democrats Office

Pouch V

Juneau, AK 99811

Dear Ms. Zachery:

Enclosed for your information is a draft copy of the interim report on
the second phase of this Department®s study intc the possible production
of Calcium Magnesium Acetate (CMA) for use as a deicing agent on Alaskan
roads.

We feel that it is an appropriate time to perform a demonstration project
to test both the economics of commercial production of this chemical and
its effectiveness mdi comparison with the salts commonly used to deice
roads. The results of the research conducted to date by the Petroleum
Engineering Department of the University of Alaska and our own lab tests
have been encouraging.

Potential suppliers of both acetic acid and limestone, the two ingredients
necessary to make CMA, have contacted the Department to indicate their
interest in participating in a CMA demonstration.

A demonstration could be performed by the private sector in cooperation
with DOT/PF personnel.

Sincerely,

<Jbhn D. Horn
Acting Deputy Commissioner
Interior Region

cc: Daniel A. Casey, Commissioner

attachment
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INTRODUCTION

This project is a continuation of the previously funded
"Preliminary Design and Feasibility Study for a Calciurn-Magnesiura

Acetate Unit" (Reference Project F15631-CMA).

Calcium-Magnesium Acetate (CMA) exhibits excellent de-icing
characteristics, yet is non-corrosive, and not harmful to
plants. In our previous work, a process concept was developed
for the production of CMA fronm native Alaskan limestone and

acetic acid, based on laboratory scale reaction experiments. Th g
.next--logical™"strip 'in tHe-aevelopraeffE‘process wus the construction”
1and OperaVfon oT~'a”smalT scaTfe*"'pilot ™pl'arit'-'to gather specific *

»U

process- data"-n:e"c"e"SS"ary for a full-scale process designi That 1is

the subject of the current project.

In addition to our design work, we undertook to produce
about 500 gallons of CMA solution from a batch process based on
our limited laboratory studies. This interim report gives a

brief summary of our progress.

The nex"t"sTtlfp~Tn""tR&"Teve 10pment process will be the design”
it 1 s Moo L= Aruel<lin meje 00 N¥ormke oml

c6MTTOt""fuction and operation of a demonstration plant to serve the 1

duS* I~ Tirpose 6f proving tTeviability of t/heprocess>""iF"‘ird’\
- *! nn *kll.* « T e ’ ’ N 1 %
provTde enough CMA for field tests! It should be note that
. - m A1 %, * Fug U4 1
N 6wTTelre “~Ts~A™ CT~AT~"Tnanufac tu red in bulk and",* therefore, is m

wid, L-ri tit- =>'" _ - VKH _
unavailable in: the amounts necessary for ide-scale testing.; A
Vv . . . o

— e —  wnfe— «— e



proposal has been submitted to the State of Alaska through the

Fairbanks North Star Borough. Approval 1is pending.

It has recently been suggested that CMA may be useful as a
dust-control agent as well as a de-icing agent, however, this has
not presently been verified. We have designed a set of
experiments to test the utility of CMA in dust control, but
expect that a road test will be required for positive
determination. Funds are currently being sought for this

research.

BACKGROUND

Road and runway de-icing are serious problems in the
northern latitudes. The problem is most pronounced in the
coastal regions of Alaska where freeze-thaw cycles occur several
times during the winter. Sodium chloride (salt) and <calciunm
chloride have been used for many years as de-icing agents,
however, these materials are highly corrosive to automobiles,

airplanes and roadway bridge structures.

Recently, several salt-damaged bridge structures were

replaced 1in Fairbanks at a cost of over $600,000. The cost of



salt-related damage to bridges in the Anchorage and Juneau areas

where salt is used more frequently are correspondingly higher.

Furthermore, road salts are injurious to most forms of plant
life. In the spring, a drive along heavily salted roadways in
Anchorage reveals a virtual moonscape with dead or stunted
plants. The success of ongoing roadway beautification projects
in Anchorage and Fairbanks will be questionable with the

continued use of road salts.

In a report entitled "Alternate Highway De-Ilcing Chemicals”

published by the Bjorksten Research Laboratories, a mixture of
calcium and magnesium acetate (CMA) waa identified as an
effective, non-corro3ive, de-icing compound. In the solid form,
CMA is a white powder resembling powdered sugar. If can be
applied as a solid or in a saturated solution. The effective
temperature range i3 about the same as common road salt. In
contrast to salts, however, CMA 13 non-corrosive,” not harmful to*

plant Ilife, and has no potential to harm drinking water supplies”

In previous work at the University of Alaska, funded by the
State Department of Transportation (DOT), we have demonstrated

that CMA can be produced from limestone, water, and acetic

acid- The preliminary report of our reaction studies his been
presented 1in a previous report to the State DOT. This funding 1is
of significance, since limestone is readily available in

Alaska. Acetic acid must currently be "imported”™ from the "lower



45", but could be produced locally from refinery by-products if a
market were available.
«J
In simple ternms, CMA is the reaction product of the

dissolution of limestone 1in acetic acid and water.

CaCO, + 2CH~COOH > Ca(CH2COOH)2 + H20 + CO02

The dissolution process, is slightly exothermic (gives off heat)
and produces considerable amounts of CCAH. The resulting solution

remains acedic, and must be neutralized with sodium or calciunm

hydroxide.

Limestone 1is composed of calcium and magnesium carbonates in
varying amounts. Pure magnesium acetate, which could be produced
from pure magnesium carbonate, is superior to calcium acetate.
Dolomites contain relatively larger amounts of magnesium carbonte
and can approach 50% in composition. Unfortunately, the benefits
of a 50-50 mixture over pure calcium acetate are not vtry
significant. Therefore, it is most appropriate to use readily
available limestone regardless of the magnesium carbonate

content.



PILOT PLANT STUDIES

Unfortunately, we have met with several delays in the
construction and operation of our pilot plant unit. The reaction
assembly 1is in place, but the necessary fume vents have not yet
been installed. This delay 1is due to local constructl™n backlogs
a:.d was beyond our control. However, it would appear that the

fume hoods will be installed shortly and we can begin operation.

BATCH STUDIES

Due to the lack of availability of the pilot plant, we
concentrated our efforts on the batch production of CMA for road
tests. Numerous difficulties were encountered in the conduction
of the reactions; many more than anticipated. However, after
much experimentation, we have arrived at an acceptable process
scheme. In this manner, the batch studies have fulfilled (at

least qgualitatively) part of the goal of the pilot plant

studies.



BATCH PRODUCTION OF CMA

The procedure we settled on for CMA production 1is outlined
below. It should be emphasized that this is by no means

finalized; it is merely a procedure that works.

Our reactor for wuse in these experiments was a 55 gallon
piestic drum equipped with a Jlarge agitator. In our initial
s+idies, the agitator was replaced by a small circulating pump.
This was found to be totally inadequate. A high degree of
agination 1is required to keep the <carbonate particles suspended

in the reacting liquid.

Foaming was another problem of critical severity. Unless
the reaction was conducted at a moderately controlled rat;-., a

very stable foam forms, necessitating removal.

MATERIALS: 20% (wt) acetic cid (pure)

20% limestone (crushed)

60% water



PROCEvV"

1. Mix the water and acid 1in the drum;

2. Introduce the limestone slowly to avoid foaming;

3. Stir for about 1 day;

4. Let stand (to settle) for several days;

5* Remove the liquid ar;-." place in a second drum;

6. Recycle the solid m» serial settled from the drums;

7. Add NaOH solution (sbout 30-505%$ NaOH/water) ;

8. Continue to add NaOH solution unt?=®, pH = 7 (ltmay be
necessary to add water if a precipitate forms. This

merely means that the solution is oversaturated with
CMA) ;

9* CMA is ready to use..

DISCUSSION:

The neutralization reaction 1is difficult to <control since
NaAc forms a buffer solution. In practice, it may not be
possible to obtain a pH of 7. A typical neutralization is

plotted in Figure 1.

As csn be seen in Figure 1, i ; was necessary to add water at

points (I) and (2) to redissolve CMA which had precipitated out



of solution. With practice, the correct amount of water could

initially be added to avoid this problem.

In general, it is undesirable to allow CMA to precipitate
because it tends to form a gel-like solution which is difficult
to stir and to redissolve. Selecting the right amount of water
to add with the NaOH will depend on the limestone purity. Hence,
it is possible to determine only an approximate range for

application.

Figure 2 shows a plot of pH versus volume NaOH solution

added. In this format, the added water <correction does not
appear and a more "normal"™ neutralization curve 1is obtained.

To further complicate neutralization, the reac tion i3 not
instantaneous. Figure 3 shows the response of pH with time
following the additon of NaOH. About 5 minutes will elapse

between the time of the NaOH addition and the final pH.

The reaction rate for this process can be monitored by

measuring the C02 evolution. In general, the dissolution of 1
mole of CaCO-j releases 1 mole of CO02* Figure 4 shows a plot of
reaction rate versus tim< measured in this manner. As is

evident, the reaction rate declines rapidly, dropping over 3
orders of magnitude 1in the first several hours. Figure 5 shows a
plot of cumulative CO02 production versus time. It i3 evident

that long reaction times on the order of several days are



required. This behavior is typical of batch reactions. The
reaction time can be shortened by using continuous reaction

equipment, which maintains concentrations in the first reaction
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FOREWORD

Fundamental regard for winter time driving safety has resulted 1in an
extensive and continuing application of NaCl and CaCl2 de-icing salts to
the road surface. The de-icing benefit of these materials is however,
negatively offset by secondary costs due to metal corrosion and pollution
effects. Literature sources place the total <cost of salt wusage at
approximately 10-15 times that of the salt product itself. Tne publicX
objection to secondary costs such as rusty automobile fenders often
provides a pungent criticism of roadway salting practices. In addition,
corrosion of bridge reinforcing steel is a problem of great magnitude to

the highway engineer.

National research into alternative de-icing compounds has led to
recognition of Calcium Magnesium Acetate (CMA) as the most viable
substitute for NACI und CaCi”™* CMA provides an 1ice melting capability
similar to chloride salts while raising little or no corrosion potent nl
for most steel or aluminum vehicle components. Furthermore, CMA has been
shown to be a safe, non-toxic substance with respect to animal and plant

1ife.

CMA is fairly easily produced by the action of acetic acid on calcium

carbonate (limestone) as indicated below:

CaC03 + 2CH3COOH-*Ca(CH2CO0H) + H20 + CO2

Details of critical reaction parameters and a chemical process design are

presented within this report.

The extremely high cost of CMA has prevented its use 1in all but limited
testing situations. CMA is commercially available only in laboratory
reagent grade as either the pure calcium or pure magnesium acetate. These
products are intended for laboratory usage and are priced at many dollars
per pound. This study was 1initiated to investigate production methods and
economics associated with making a low grade of CMA from raw materials

readily available to a potential Alaskan producer.

This report evaluates the 1imall scale production (14 - 72 tons per day dry



weight equivalent) of a "highway grade™ CMA solution. Findings indicate
that CMA becomes economical at production levels of more than 17 tons per
day. It was calculated that the cost of CMA would range between S290 and
S590 per ton depending on rate of manufacture and the base price of acetic
acid. These figures compare very favorably with the current cost of CaC12
used by the Alaska DOTPF of almost S650 per ton (F.0.B. Fairbanks),

especially in view of secondary damage attributable to the chloride salt.

An interesting point 1is emphasized by the authors vregarding potential
economic ramifications of Alaskan CMA. It 1is reasonable to expect that
petroleum derived, Jlow grade, 1low cost acetic acid can be made available
within Alaska as a result of oil related industry. Under  this
circumstance, with acetic acid costs possibly below S1.00 per gallon,
larger scale production of CMA could become a significant Alaskan
enterprise. It is further conceivable that Alaska could eventually become
a major producer and exporter of low grade CMA to a national or

international market.

As project manager I would recommend a course of action leading to
manufacture and use of CMA as a de-icing agent 1in Alaska. 1In view of the
promising nature of this vreport®s findings, work 1is continuing with
construction of a small "bench scale™ pilot plant, a refining of the
process design and field trials of experimentally produced CMA. An
important first-trial of CMA will involve treatment of a roadway sand

stock pile to prevent freezing.

Robert McHattie, P. E.
Senior Research Engineer
Alaska Department of Transportation

and Public Facilities



ABSTRACT

The adverse environmental effects and corrosion problems associated with
the use of chloride salts as de-icing agents have prompted a search for alterna—
tive de-icing compounds. Calcium and Magnesium Acetates (CMA) exhibit excellent
de-icing characteristics yet are not corrosive or harmful to the environment.

A viable process design for the production of CMA has been developed based
on the results of a series of kinetic reaction experiments conducted at the
University of Alaska. Acetic acid and native Alaskan limestones were used as
the raw materials. An economic evaluation of the process indicates a selling
price of less than $600/ton of solid CMA, based on the production of a saturated,
aqueous CMA solution in small scale facilities (10,700 - 50,000 gallons/day).

At the upper range of production rates studied (50,0u0 GPD) and for an acetic
acid cost of $1.25/gallon, the calculated CMA price was $290/ton of solid. This
represents a minimum price and is attractive when compared with Che cost 0, other
de-icing compounds.

The results of this cooperative project between the Petroleum engineering
Department at the University of Alaska, Fairbanks and the State DX.T. are highly
encouraging. With the use of native Alaskan limestone and acetic acid, the
process economics point toward a high quality, competitively priced product. The
environmental advantages of CMA over chloride salts and reduced secondary costs
due to lower corrosion rates for vehicles and bridges indicate chat CMA may be—

come the premier de-icing agent.



INTRODUCTION

Road and airport runway de-icing are serious problems in the northern
latitudes. Sodium and calcium chlorides have been used successfully for many
years as de-icing agents. However, adverse environmental effects and corrosion
problems associated wit!"- chloride salts have prompted a search for alternative,
cost-effective, de-icing agents. (1,2,3,4)

A report entitled "Alternate Highway De-icing Chemicals"™ from the Bjorksten
Research Laboratories, 1Inc. presented a review of the de-icing characteristics
of various compounds, "wo candidates were selected which proved economical, and
more importantly, less corrosive than NaCC-

The first, methanol, was found to be "less persistent” due to its low flash
point. The second, a mixture of calcii-..t and magnesium acetate (CMA) was found
to exhibit superior de-icing characteristics at a competative price. In con—
trast to NaCC, CMA is a corrosion inhibitor, 1is beneficial to most soils, and has
no potential for harming drinking supplies. Hence, CMA does not exhibit many of
the "extended costs"™ associated with thi application of NaGC.

CMA can be produced by the simple dissolution of naturally occuring carbonates
in acetic acid. These carbonates are readily available in the form of native
limestones and dolomite. We have discovered that, for economic and technical
reasons, the production of calcium acetate (CA) alone is prefered. This subject

is dealt with in a later section of this report.



REACTION EXPERIMENTS

Calcium acetate 1is formed by the dissolution of calcium carbon."te in an
acetic acid solution. Water and carbon dioxide are byproducts. The stoichiometric

equation is given below:

CaC03 + 2CH3COOH -t Ca(CH9COOH)9 + H20 + COO

(100g.) (120g9.) (1589.) (18g.) (449.)

The reaction 1is slightly exothermic (AHr< ="4.6kcal/gmol.). The solubility limit
of CaAc (calcium acetate) is 28% by weight. Hence, 1f a saturated solution of
CaAc 1is desired, a simple material balance indicates a water requirement of 338 g.
H.jo/100g CaCO03-

A series of experiments was undertaken to define tlie process kinetics and
ultimate degree of completion functions of the reaction temperature, reactant
concentrations, and extent of particle size reduction for the calcium carbonate.
Alaskan limestone delivered from a quarry near Livengood, Alaska, and laboratory
acetic acid were used as reactants.

The reaction behavior of limestone and acetic acid is reported in Figure 1.
The reactions were conducted in a simple stirred tank reactor. At a given resi—
dence time, there was no discernible difference between the various water to
limestone ratios, as long as enough water was present to provide an unsaturated
solution of calcium acetate at the conclusion of the reaction. This minimum
ratio of 4 to 1 on a mass basis proved inhibiting at high acetic acid excess.
This result is to be expected since the reaction is based on the dissociation of
acetic acid An insufficient amount of water results 1in inadequate dissociation
of acetic acid.

Since various water tj limestone ratios above 5:1 (for brevity not all
results are plotted on Figure 1.) did not exhibit any discernible difference 1in
the reaction completion rate, the entire subsequent set of experiments was done
at a 5:1 weight ratio of water to limestone.

A significant conclusion can be drawn from the above. The quality of the
acetic acid does not have to be highly refined. Industrial grade acetic acid

(95% purity) which 1is significantly less expensive than reagent grade, can be

4



COMPLETION

Figure 1.

% EXCESS ACETIC ACID

Reaction Behavior of Limestone and Acetic Acid:

Percent Completion

vs. Excess of Acid at Various Residence Times and Water Content.



used since it will have to be diluted to 50% in any event.

There 1is another major benefit out of the findings. Liquid phase oxidation
(LPO) of waste cellulose (or methanol carbonylation) produce acid at about the
optimal 50% concentration. Both methods of production could be implemented in
Alaska. Especially attractive 1is the methanol carbonylation since several indus—
trial concerns are contemplating methanol production in the state. The supply
of carbonate for the acetate process seems assured. The state houses large
deposits of limestone and dolomite.

Figures 2 through 5 present a comprehensive picture of the reaction results.
The series of experiments were intended to fauge the effects of excess acid,
reaction temperature and limestone particle sizes on the completion of the reac—
tion. The results are for batch reactions with a three hour residence time.

The amount of excess acetic acid did not appear tc affect the reaction com—
pletion significantly. Hence, acid consumption can be held at a manageable
level.

Neutralization of acetic acid by NaOH can be considered. However, a further
economic evaluation may point toward an associated acid recovery unit. An
extraction step using an appropriate solvent, followed by a distillation step
may be indicated.

The effect of the temperature is significant. An increase in the reaction
temperature from room level of 20=C to 60=C results in an increase in the rate of
completion of over 20%. A similar effect was observed in using more finely
ground limestone. The "first" and "second" crushing that appear in Figures 2

through 5 refer to two consecutive outputs of a commercially available rock

crusuer. Both of the last two findings will have an effect on the economic
optimization of the jwf The beneficial effect on the completion rate must be
balanced against the o ating and energy costs. Finally, the residence time in

the reactor appears significant. A 20% difference in the reaction completion was

observed if a reaction time of 24 hours was used instead of 3 hours.
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PROCESS DESIGN AND ECONOMICS

A rigorous economic analysis for a proposed process requires a detailed
process design. However, an approximate analysiscan be completes on the basis
of a preliminary design. This 1is common practicein the industry.

For a simple reaction process such as that of production of CMA, capital
costs do not contribute a very large proportion of the required selling price of
the product. Rather, it is the operating cost and more specifically the raw
materials costs which are controlling. At moderate capacities any errors or
omissions in the plant capital cost estimation do not alter the selling price
significantly. Thus, it is possible to obtain a reasonably reliable estimate of
selling price with only a process design.

Figure 6 shows a block diagram of the preliminary process design envisioned
for the CMa production. Raw limestone is first crushed in two stages to 1/8"
to 1" diameter aggregate particles. The crushed limestone is then mixed with
acetic acid and water in a continuous stirred tank reactor. The reactor Iis
sized for a three hour mean residence time and is heated to 70=C by an external
steam heating jacket. The reaction product, consisting of the mixture of unspent
acetic acid and unreacted limestone and extraneous inert material 1is then passed
through a filtration unit. In the filtration unit unreacted solids are removed
and sent to a neutralizing settling pond where they are neutralized by addition
of sodium hydroxide. The filtrate containing the product acetates is then sent
to a neutralizer reactor where excess acetic acid is neutralized by the addition
of sodium hydroxide. The resulting acetate solution is then checked for appropriate
pH value and sent to liquid product storage tank. In an optional process
addition, it would be possible to evaporate the liquid product to produce a solid
calcium or magnesium acetate product.

The major process components are described below:

1. Crusher: Particle size was found to be a significant variable in the
reaction efficiency. A two-stage crusher will be utilized to reduce the limestone

to 1/8" to 1" diameter aggregate particles.

Crusher Price — $14,000.00

an
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2. Reactors: Two 8,000 gallon reactors are required. The first reactor
must be equipped with an external steam heating jacket. Since acetic acid is
corrosive to mild carbon steel, the reactors must be constructed of 316 stainless

steel.

Reactor Price -— 3110,000.00

3. Boiler: A turnkey boiler package capable of producing 4,000 pounds
per hour of 250 psig steam will be required for the reactor jacket heating and
space heating. The packaged unit will include a boiler, feed water de-aereator,

boiler feed pumps, chemical injection pumps, stack and shop assembly.

Boiler Cost ---- $24,000.00
4. Vessel: A carbon steel storage tank capable of handling three days
production (150,000 gallons) is included.
Vessel Cost ---- $70,000.00
5. Filter Press: A 304 stainless steel horizontal-plate filter press 1is
also included.
Filter Press Cost ---- $28,000.00
6. Front End Loader: A front end loa ier with at® 18 cu.ft. capacity is
required.
Front End LoaderCost ---- $27,000.00

A summary of the major capital equipment costs for the plant is listed 1in
Table 1. In addition, a 10% contingency has been added on giving a total major
capital cost of $300,000.Go for the CMA plant. It is common practice in capital
cost estimating to use multipliers to estimate instrumentation, installation,
piping, electrical, and indirect costs for the construction of chemical process
plants. (5) Table 2 presents a summary of these additional costs for the CMA

plant. This gives a total of $185,000.00 for the additional costs associated with

(13)



TABLE 1

MAJOR CAPITAL EQUIPMENT COSTS

CRUSHER mmmmm e o o s $ 14,000
REACTORS (1) ——————mmmmmmmmmmm e 110,000
PACKAGED BOILER --——————————mmmm- 24,000
STORAGE TANKS  mmmm oo oo 70,000
FRONT. END LOADER —---—— oo 27,000
Subtotal -———---———m $273,000

10% Contingency --------———---————- 27,000

TOTAL MAJOR CAPITAL EQUIPMENT —---mmmmmmmmm e $300,000

TABLE 2

ADDITIONAL PLANT COSTS

INSTRUMENTATION ( 67 of Major Capital Equipment (MCE)) --——---———mmmmmon $ 18,000
INSTALLATION \30% OFMCE) —mmmmmmmm e 90,000
PIPING (7%  OFMCE)  mmmmmm e 21,000
ELECTRICAL ( 5% OFMCE) —-mmmmmmmmmmmmmmmme o 15,000
INDIRECT COSTS (15%  OFMCE) —mmmmmmmm oo 45,000
Subtotal --———---———— — ——— $189,000

MCE -————————— 300,000

TOTAL CAPITAL INVESTMENT —-mmmmmmmmmmmmmmmm oo $489,000

WORKING CAPITAL (10% of Capital Investment) --————— 49.000

TOTAL INVESTMENT  mmmmmm oo $538,000



Che CMA plant. When combined with the capital equipment estimate, this yields

a capital cost estimate of $489,000.00. Working capital can be estimated roughly
as 10% of the total investment. Inclusion of working capital results in a total
plant cost of $538,000.00. This figure represents the total investment which must
be recovered through the selling of the CMA product.

On the basis of the preced"ng design, va have completed an economic analysis
of the proposed CMA plant. It should be emphasized that this analysis represents
a best case senario, allowing for continuous operation®, and minimal storage
facilities. The required selling price of the CMA product can be calculated by

the following equation:

CF - TD + A(I-T)
G(1-T)

where;
P = price of solution ($/gallon)

¢ < annual production rate (gallons)

o

= annual depreciation (straight line method)
A % annual operating cost
T = tax rate (50%)

CF = cash flow using uniform series present worth value with ROR = 20% (rate of return)

This equation has been used to calculate the required selling price (dollars
per gallon of solution) required as a function of the price of acetic acid and
the production capacity of the plant, m detiiled example of the derivation and use
of this equation is presented in Appendix 1. Figure 7 shows the required selling
price as a function of acetic acid cost for a 10,000 gallon per day plant and a
50,000 gallon per day plant. It is apparent that there is some economy of scale.
However, the final plant _size will most likely be dictated by market considerations.
Finally, Figure 8 presents the selling price for CMA as a function of production
rate alone given a fixed cost for acetic acid ($1.25/gallon). It is apparent that
a minimum plant capacity of about 12,000 gallons per day is dictated by the
economics. Little additional economy of scale is indicated above the production
rate of 30,000 gallons per day. In Figures. 7 and 8 the price of CMA has b;*en
reported in dollars per ton of solid in solution to allow comparison with current
prices of sodium chloride and calcium chloride.

From an analysis of Figures 7 and 8 it is apparent that the cost of acetic
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acid is the single most important factor in determining the selling price of the
CMA product. If acetic acid must be shipped to Alaska from Texas, for example,
at a cost of over $2.5 per gallon, the price of CMA will be in excess of $500 per
ton of solid in solution. However, acetic acid is normally shipped and delivered
in purities in excess of 90%. Since in our process acetic acid is diluted with
water to roughly 50%, it does not make sense to pay an additional premium for
high purity acetic acid. In fact, one of the major costs of producing acetic
acid is 1in the purification stage taking the acid from 50% to purities in excess
of 90%. Hence, 1if a local production facility for acetic acid were located in or
near Alaska, it should be possible to purchase dilute acetic acid at a considerable
savings, perhaps as 3,.. as $1 per gallon.

Even utilizing imported acetic acid, the price of $500 per con of solid CMA
may not be excessive. CMA 1is not corrosive as is calcium chloride and sodium
chloride. Hence, there is an inherent cost advantage in using CMA as opposed to
chloride salts. Therefore, while CMA may cost more in the initial stage of
application, significant cost savings may be realized in the area of maintenance.
In addition, since airports cannot use chloride salts, but rely on more expensive

methanol or urea, CMA may have a particular advantage.



FREEZING AND EUTECTIC EXPERIMENTS

There were two objectives in this series of experiments: (1) Determina—
tion of eutectic diagrams for various solutions of salts; and (2) evaluation
of the de-icing performance of the salts under varying atmospheric conditions.

The eutectic diagrams are the result of measurements gathered in the lab—
oratory. A cold testing chamber was used to evaluate freezing properties over a
wide spectrum of ambient temperatures (0=C to -75<C). A comprehensive laboratory
study involved the use of different de-icing salts (CaAc, MgAc, NaCl and CMA) at
different percentage solutions. The results seen in the accompanying figures
represent the average readings gathered over three test runs. The 1ideal de-icing
salt is obviously a concentrated solution (27% by wt.) of MgAc. At the lowest
temperature tested (-75<C), ..ne solution merely gelled.

Figure 9 contains the eutectic behavior of sodium chloride solutions. Our
data agrees with published data. In the case of the acetates, a 287, solution of
CaAc was the upper limit (saturation point) while a slightly lower concentration
was the saturation limit for MgAc. Figures 10 and 11 contain the eutectic
characteristics of CaAc and MgAc respectively. While CaAc did not prove more
effective than NaCl, MgAc wE.s decidedly more effective with a eutectic point
depression of 75=C. Hence, a mixture of Calcium-Magnesium Acetate (CMA) with a
high concentration of MgAc should be the most effective de-icer. A 25% solution
of CMA with 70-80%"MgAc would be sufficient for the most severe climatic condi—
tions, as it is shown in Figure 12.

The findings of our freezing experiments, in addition to corroborating the
de-icing performance of the acetate compounds, have also pointed out a major
conclusion. Since the best dolomite deposits contain less than 50% magnesium
carbonate, the limit of the CaAc/MgAc ratio is de facto determined.

A re-examination of the findings shown in Figure 12 lead to the observation
that a 50% MgAc contribution in a CMA solution 1is not any more effective than a
"“pure” calcium acetate solution. 1 - example, a 20% CMA solution containing 50%

. .c has a freezing point of -29=C (Figure 12) while a similar solution of CaAc
has a freezing point of -26=C (Figure 10).

Dolomite with magnesium carborace concentration of greater than 50% is not
found in appreciable quantitv in Alaska. Since the use of dolomite containing
lower concentrations of magnesium carborate results in a solution which 1is no

more effective than calcium acetate derived from abundant limestones, and since

19)
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dolomite is more expensive than limestone, it can be concluded that calcium
acetate would be the most economic route for the process. To avoid confusion,
we continue to use the nomenclature CMA throughout this report. However, it
should be realized that we refer to a calcium acetate solution containing only

small amounts of magnesium acetate.
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The working equation 1is:

CF - TD + A (1-T)

G(I-T) u*
where:
P = price of solution ($/gallon)
G = annual production rate (gallons)
D = annual depreciation (straight line method)
A = annual operating cost
T = tax rate (50%)
CF = cash flow using uniform series present worth value with ROR = 20% (rate of return)

The variables in equation (1) can be evaluated:
G: 365 days x 50,000 GPD = 18.25 x 10" gallons
D: The depreciation is 1/10 of the capital investment(i.e., $53,800).

A: The operating costs can be divided into the costsofraw materials and the
fixed costs such as labor, instrumentation and maintenance.

To calculate the costs of raw materials a stoichiometric balance of the
general reaction is indicated:

_ *e N
CaCOJ + 2CH$QOOH Ca(OOCHJC)i + HIO + CO

1|1

In order to produce 50,000 gallons of solution per day there is a need for:
48 tons of CaCO” (at $60/ton)
12,700 gallons of Acetic Acia (at e.g. $2.00/gal.)
53,000 gallons of water (at $2.25/1000 gal)*

Then A * $10,800,000 which includes $10,400,000 for materials and $400,000

for fixed operating costs, instrumentation, labor and maintenance.

T: The tax rate taken at 50%

3
CaJculated using density of solution of 87.4 lbm/ft , 80% reaction completion,
97.14% pure Alaskan limestone, and a saturated acetate solution (25% calcium
acetate, 75% watsr).



CF: Is the amount of money required to recover a capital investment using a certain
rate of return. In this case a 20% ROR would require a uniform series present
worth factor of .235.

Hence, CF = $538,000 x .235 = $129,000
Using equation (1) the price of solution is $0.60/gal which can be converted to

$420/ton of solid in a saturated CMA solution (25%).

Derivation of Equation (1)

Equation (1) is essentially a simple rearrangement of the cash flow equation:

CF = Net Income - Tax @)
Where:
Net Income = PG - A (©))
and
Tax = (PG-A D)T (M
Combining Terms:
CF = (PG-A) - (PG-A-D)T ®)

Rearranging
B s CF - TD + A(I-T)
G(I-T)
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Reinforced concrete is commonly used for bridge decks. In recent years an
alarming increase in delamination and spalling of the concrete cover of
these decks has been observed (see figure 1). This deterioration not only
makes travel over these Dbridges rougher, but can eventually lead to
structural damage to the bridge. A great deal of effort has been made to
understand the causes of this damage and prevent it, since deck repairs or
replacement is expensive.

The principal cause of the delamination and spalling of bridge deck
concrete is galvanic corrosion of the reinforcing steel, although this was
not widely recognized for many years) One means of preventing this damage
Is to install cathodic protection systems on the bridge, which can stop

this corrosion, vte Cr fa r.rr.N-

Two of these systems have been recently installed in Alaska. The first was
placed on the upper vehicle ramp at the Anchorage International Airport
domestic terminal building; it began operating in December 1981 The
second was installed on the Wendell Street Bridge in Fairbanks and began
operating in October 1982. A third system is planned for the Cushman
Street Bridge in Fairbanks; it is scheduled tc e installed next summer.

The corrosion of rebar in bridge decks is similar to what occurs in many
types of galvanic cells, such as the lead-acid automobile bhattery shown
schematically in Figure 2. In a bridge deck, different parts of the
reinforcing steel become anodic or cathodic (see Figure 3) due to
differences in residual stresses and impurities in the steel, cracks,
moisture content, and aeration of the concrete, and other factors.

The concrete cover, which normally would protect steel from corrosion due
to its alkalinity, becomes an effective eletrolyte when contaminated by
chloride ions from de-icing salts used on the bridge. Corrosion products
(principally rust) build up at the anodic areas of the rebars, and because
they occupy a greater volume than the original steel, they exert pressure
on the concrete, which eventually cracks. Thermal expansion, water
freezing in the cracks, and other factors can then extend the cracking,
separating the cover layer of concrete from the rest of the deck
(delamination). The delaminated concrete can eventually spall off, leaving



the top mat of the reinforcing steel exposed.

This problem has grown worse in recent years due to the increased use of
de-icing salts on highways and bridges. One means of preventing this
damage would be to avoid the use of salts by substituting other materials
such as sand, fly ash, or calcium magnesium acetate (CMA). Another means
iIs to place an impermeable layer between the surface of the bridge deck
and the reinforcing steel. In this way chloride penetration to the level
of the steel is prevenird or at least retarded, and the corrosion will not
occur (or will progress much more slowly). Several methods have been used
to retard or halt chloride penetration to the level of the retars, such as
the specification of dense, low-slump concrete™greater cover depth of
concrete, polymer-modified concrete, or the application of waterproof
membranes. Galvanized and epoxy-coated rebar has also been used. Some form
of protection is required on all new concrete bridge decks built by the
state of Alaska.

None of  these methods  will stop corrosion on  existing
chloride-contaminated decks, however. The removal and replacement of all
contaminated concrete or the entire deck is possible, but very expensive.
Short of this, the only method known that can completely halt ongoing
corrosion is cathodic protection.

Cathodic protection has long bheen used for corrosion protection of buried
and submerged structures such as pipelines, docks, and ships, and for the
protection of elevated water and fuel tanks. Cathodic protection of bridge
decks, however, is relatively new, and designs are still somewhat
experimental.

The principle behind cathodic protection is to make all of the steel (or
other material) to be protected cathodic with respect to another material
placed in the electrolyte to which it is electrically connected. This can
be done by connecting the steel to a less noble metal, such as zinc or
magnesium. The less noble metalbecomes the anode in a galvanic cell,
and it, rather than the steel, corrodes (see Figure 4). This is known as
“sacrificial-anode" cathodic protection. The anode material eventually
corrodes completely and must be replaced.

Another method is to connect the steel to be protected to another material



placed in the electrolyte and force tl;e steel to become cathodic by using
an external pov/er source. This is known as "impressed-current” cathodic
protection (see Figure 5). Corrosion of the anode in such a system will be
negligible if the correct choice of material is made, thus eliminating the
need for anode replacement.



Impresssed-current systems have usually been chosen for use on bridge
decks for two principal reasons. The first is that the amount of
protection can be easily varied by altering the voltage and current from
the power source. In a sacrificial-anode system, the voltage is determined
by the relative oxidation potentials of the anode and cathode materials,
and the current is determined by the amount and location of the anodic
material; once such a system is built, neither can be changed. The second
advantage of impressed-current systems is that the anodes do not need
replacement. Since the anodes must be placed in the electrolyte (i.e. the
bridge deck concrete) replacing them would be difficult and expensive.

Current flow between an anode and a cathode will be greatest where the
electrical resistance between them is the least. Thus if an anode is
placed very close to any one part of the steel to be protected, nearly all
the current will flew to that part of the steel, rather than take longer,
less conductive paths to more remote locations on the structure. The more
remote  parts maythen receive insufficient current to protect them from
corrosion. Moreover, the areas receiving large currents may be "over
protected” which has been observed to weaken the bond between rebar and
concrete. This may be due to an increase of sodium and potassium ions near
the cathode (rebar) or because of the release of hydrogen there.24 By
moving  the anode fartheraway from the structure, the distances between
the anode and different parts of the structure will become more nearly
equal and, if the electrolyte is homogeneous, so will the electrical
resistance and current density.

On buried structures where the soil is the electrolyte, anodes can easily
be placed at a location relatively far from the structure. It may be
possible, for example, to completely protect a buried cylindrical tank by
installing three anodes, 1200 awav from each other, around the tank and
perhaps half the tank's diameter away from it. On a bridge deck, however,
the concrete is the electrolyte, and the distance between the anodes and
the cathodes (rebars) can never be more than a few inches.

One means of achieving even current densities over bridge decks is to
place anodes in a highly conductive layer of coke breeze and asphalt
‘placed over theentire deck. Care must be taken to ensure that the

i<t 4



conductive layer does not contact any bridge steel, short-circuiting the
system. A wearing ST of conventional paving material is needed since**
the coke breeze mixture is relatively weak. ’ Relatively even protection
can be given to the top layers of rebar this way, although there is little
protection of lower rebar. Chloride concentrations decrease with depth,

however, so the lower rebar rarely if ever requires protection.

A disadvantage of this system is that the two overlay layers (typically 5"
thick) greatly increase the dead load on the bridge. Another method of
anode placement has been developed which requires less overlay thickness.
In this method, a series of parallel grooves are cut in the bridge deck,
and anodic wires are grouted into them. The anodes thenmselves are thus
widely distributed over the deck, and the conductive layer is eliminated,
although a wearing course is still required. The cathodic protection
systems recently installed in Alaska have been of this type.

Repairs to these bridges were needed before the systems were installed;
this work is shown in Figure 1, which illustrates the seriousness of the
problem. Pitting found on corroded rebar is shewn in Figure 6. All unsound
concrete was removed, the remaining concrete was chipped away from any
partially exposed rebar, and the concrete and exposed rebar were cleaned.
The decks were then patched withlatex-modified concrete.

After the deck repair, the cathodic protectionsystems could be installed.
Anode wires for the systems are made ofplatinum coated niobium with
copper cores. These were grouted in grooves cut in the deck with a mixture
of coke breeze and polyvinyl ester resin. Figure 7 shows the Wendell
Street Bridge after this was completed and before the final wearing course
of concrete was placed.

Electric power to energize the system comes from a control box where AC
line power is first transformed to the desired voltage and then rectified
to DC. The positive terminal is connectedto the anode wires via header
cables imbedded in the deck; the negaive terminal is connected to the
reinforcing steel itself.



The amount of polarization (voltage) impressed on the reinforcing steel
must be kept within a certain range. A minimum negative voltage of about
850 mV, compared to a copper-copper sulfate half cell, is desired to
ensure protection of the steel; a maximum of (negative) 1100 mV is desired
to avoid "overprotection".4 Reference cells were imbedded in the decks in
order to monitor the steel polarization; in the Wendell Street system
these are made of molybdenum/molybdenum oxide while at the Anchorage
Airport they are zinc.  Automatic voltage control is provided by a
microprocessor in the control box, which monitors the voltage readings on
the reference cells and adjusts the current flow as needed. The amount of
power required by the systems is quite small; the ia“ ir (Wendell Street
Bridge) system is expected to stabilize at about 60 watts.

These systems should stopcorrosion of the reinforcing steel in these
bridge decks, avoiding the need for further expensive deck repairs.
Corrosion probes have been installed in the decks to enable detection of
any further corrosion, should it occur. The performance of these systems
IS being monitored by the vendor, Norton Corrosion Ltd., Inc. of
Woodinville, Washington. The data gathered should result in a better
understanding of both the physical and economic effectiveness of these
systems, and may lead to improved designs in the future. {The Federal
Highway Administration has estimated that the use of these systems may be
able to save billions of dollars nationwide.
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The use of calhodic protection grew rapidly with the
development, in the mid-1930’. of a new source of direct
current, known as the copper oxide rectifier. These earliest
cathodic-protcction applications were very successful: and
it was apparent that the cathodic-protcction method of
corrosion control gave the following advantages:

corrosion is completely

1. When

stopped.
2. The'i fTcctivencss of cnthcdic protection in arresting

corrosion can be measured by a simple, nondestructive
electrical measurement.

3. The cost of applying cathodic protection is a fraction
of the replacement cost of the threatened structure, and
cathodic protection is clearly the least expensive means of
providing long-term, ntaintcnancc-frcc service life for metal
structures in corrosive environments.

properly applied,

jhortlv after the end of World War Il, corrosion prob-
lems developed with largc-diamctcr, prest-csscd-reinforced-
concrcte water pipelines in Europe, lIsrael, and North
Africa (13. 13, 15. 16). During the 10-year period be-
tween 1945 and 1955, the use of cathodic protection to
prevent such corrosion became widespread. Other cathodic-
protcction applications for steel in concrete include undar-
ground portions of concrete watcr-storage tanks, steel re-
inforcement and liner plate of concrete ntHcar-rcaclor
containment vessels, and concrete-coated piling; howeicr,
the use of cathodic piotect'on in these applications liar, nc’

reached major proportions.

How Cathodic Protection is Applied

The cathodic protection of mclal is applied by causing
a flow of current from any source to the metal (5). Two
methods arc generally used to transmit the protective cur-
rent (17, 13, 19). In one, the threatened structure is made
the cathode of an electrolytic corrosion cdll with a »tore
active metal as an anode. In the second, the threatened

structure is made to react as a cathode by using an external
power source.

MI TALLIC CONDUCTOR

y Sacrificial anode
Tivhre A~2. Siicrifieinl-unode eailitnlic protection.

Elcctrolylic-Cell Method (SacriftciaUA node Systems)

To obtain cathodic protection by the electrolytic-cell
method, a metal electrode that is anodic to the mclal of the
structure is connected to the structure by a metallic con-
ductor and is placed in the electrolyte with the structure,
as shown in Figure A-2. In this arrangement, the structure
and the anode operate as a bimetallic corrosion cell. The
anode electrode is sacrificed: thus, the name “sacrificial-
anode system." In clTcct. the corrosion is transferred from
the structure to the anode, which is expendable and may
be easily replaced. The driving potential for the current is
the natural potc itial difference between the metal of the
structure .nd the anode. Some typical potential relation-
ships arc shown in the limited tabulation of (he practical
galvanic series of metals given as follows (19):

Typical
Metal Potential, volts ¢
Magnesium alloy (6 so Al -1.60
3% Zf., and 0.15% Mn)

Zinc 11
Aluminum alloy (5% Zn) -1.05
Mild steel (rusted) -0.2 to-0.5
Mild steel in concrcrc - 0.2

- 0.2

Conner

*Typical potential normally observed in neutral soils and uatcr, mea-
sured’lo ihe copper sullate icicirnc

From this listing, it is obvious that the mrgncsium offers
cathodic protection to any of the other metals listed
whereas copper docs not. In practice, alloy ,of magnesium,
aluminum, and zinc arc used as sacrificial anodes, although
only magnesium and zinc are generally used for the ca-
thodic protection of steel reinforcement in concrete.

External-Power Approach (Imprcsscd-Currcnt Systems)

The extcrnal-powcr approach to cathodic protection is
shown in Figure A-3. This system operates in the same

DIRECT-CURRENT
/ POWER SUPPLY

METALLIC
CONDUCTOR

\

A ANODE
Figure A'-J. Itnprrisctl-ctirrcnt cathodic protection.
1
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l. INTRODUCTION

We first learned ab6ut the CMA project at the TRB meeting
in January 1930. We heard the presentation of the work by
Dr Dunn, Dr. Stanley and Dr. Scheck. Due to budgetary re—
straints we only started actively pursuing the idea at the
beginning of 1982 when our proposal for a CMA research project
was approved.

It has been k.iown tha"t there are three processes to produce
CMA.

(1) Quick lime reacting with acetic acid.

(2) Hydrated lime (Calcium Hydroxide and Magnesium

Hydroxide) readting with acetic acid.

(3 Limestone CaC03+MgCO3 (Calcium Carbonate and Magn-—

esium Carbonate) reacting with acetic acid.

Theoretically all three will do, but in reality (1) 1is
better than (2) which 1is better than (3).

Since the beginning of our project, our emphasis has been:

(1) Use 1local resources and waste products.

(2) Use a method that requires a small amount of energy.

(3) Use the method that is most cost effective.

In our search for sources of resources and waste pro-—
ducts, we found that Lime Products Corp. 1in Union, Maine had
an interest in this project. They produce high magnesium lime—

stone. They don"t have the capability of producing either quick



lime or hydrated lime from limestone, since that production
requires high temperatures. The limestone, coarse and fine
are shewn in Slides 1 and 2.

We also located some waste acetic acid from W. H. Shurtleff

Co. The acetic acid had to be diluted before it can react with

limestone. From the lab experiment we knew that the reaction
will not be complete. That is, some limestone will be left
over. But the leftover limestone can be used as abrasive agent,

therefore we decided to use a coarse grade limestone.
Acetic acid is used at a 10% solution - another source

is vinecja::, and Maine 1is rich wif.lt f,~vle orchards which could

provide the juice to make vinegar.

1. SMAL_ SCALE TRIAL BATCH

June 24, 1982 mixed 10 Ibs. of coarse dolomitic limestone
with 10 gal. of 10% acetic acid in a small concrete mixer for
10 minutes.

This was repeated five times, the residue and liquid
poured into a container for evaporation.

July 16, 1982 obtained 40 Ib. of stone - CMA mixture.
Slides 3 to 5

The final product is shown on Slide 6.

When this mixture 1is dissolved in water, the solids
filtered out, the filtrate dried, a white powder as shown

in Slide 7 remains.



111. LARGE SCALE TRIAL BATCHES
Slides 8 to 12

On July 30, 1982 the contractor mixed 100 gal. HAC
(diluted due to false meter indication to 2%) with 4000 Ibs.
coarse limestone 1In a concrete mixer. The Tliquid and lime —
stone residue were placed in a basin (40" x 10%).

By the ena of October, 1982, this "coarse"™ batch only
contained few "puddles™ of liquid pH = 6.5. The liquid was
transferred to a drum, the "wet"™ solid was transferred to
other drums (five-55 gal. drums) and stored. These will be
dried and analyzed in the near future. The total weight of
wet material is 3320 Ibs.

Slides 13 to 17

On August 11, 1982, another mixture was made. It con—
sisted of 200 gal. HAC (diluted to 10%, 2000 gal.)and 8000 Ibs.
fine limestone mixed in a concrete mixer, placed in a drying
basin (201 x 107).

By the end of October, 1982, the solution began to congeal
(Slide 18).

Slides 19 to 21

On November 30, 1982 the solution in the "fine" batch
was transferred into four-55 gal. drums. At the same time
quick lime was added and the mixture was stirred. The pH

of the mixtures were between 11.5 and 12. The drums were then



transported to the .Materials & Research Division 1in Bangor.
Slides 22 and 25

The pH of the above mixtures was further adjusted to
9 - 10 by the addition of acetic acid. The wet material was
then dried in the oven to yield powdered CMA which contained
a certain amount of unreacted limestone and some quick, lime.
The powdered material had a total weight of 1180 pounds.

During December the relative slipperiness of saturated
solutions of CMA, Sodium Chloride, Calcium Chloride and Urea,
and also with water were composed on both asphalt and concrete
surfaces. This testing was conducted using a Bristish Portable
Pendulm Tester 1in accordance with ASH-i E-303. When tested
on Bituminous Pavement, Sodium Chloride, CMA and Urea all gave
comparable values, being about 90% of the frictional resistance
shown by plain water on the pavement surface. On concrete
however, the CMA frictional value was only 76% of the value
for plain water, compared with the sodium chloride value of
87%, calcium chloride value of 66% and the Urea value of 93%.
Slide 24

On December 29, 500 Ib. of the material was mixed with
3 yd. of sand. -

On January 6, 1983, we had a snowy day. We spread 45 Ibs.
of salt on one part of ohe driveway (50 ft. 1long) 1in the park—

ing lot, and 45 Ibs. of CMA mixture on another si”e (50 ft.),



with a 30 ft. stretch at the middle, without any deicing agent.
Photographs were taken, but not developed yet.

The impressjon we had so far is:

1) Without tracking, CMA started to deice slower than
NaCl. But after about an hour, it worked fairly well.
2) CMA is more persistent. Evidence: Ne av when
another layer of snow fell on the pavement, we could
see that CMA 1is still effective.
3) Bad feature of CMA - Tracking into the building.
When it dried, white residue appeared. This probably
was due to extra lime in the mixture.

Future Plan
1) Corrosion test on various metals.

2) Ponding test on concrete slabs with rebars inside.

3) More field test.



The Production of Calcium
Acetates As Alternative

INTRODUCTION

Road and airport runway de-icing are serious problems in the
north. Sodium and calcium chlorides have been used success-
fully for many years as de-icing agents. Adverse environmental
effects and corrosion problems associated with chloride salts
have prompted a search for alternative, cost-effective, de-icing
agents.1'4

A report entitled "Alternate Highway De-lcing Chemical? "
from the Bjorksten Research Laboratories, Inc. (1981), review-
ed the ae-icing characteristics of various compounds. Two can-
didates were selected which proved economical, and more
important, less corrosive than NacCl.

The first, methanol, was found to bo "less persistent" due
to its low flash point. The second, a mixture of calcium and
magnesium acetate (CMA) was found to exhibit superior de-
icing characteristics at a competitive price. In contrast to NaCl,
CMA is a corrosion inhibitor, is beneficial to most soils, and
has no potential for harming drinking supplies. Hence, CMA
does not exhibit many of the "extended costs" associated with
the application of NacCl.

CMA can be produced by the simple dissolution of naturally
occurring carbonates in acetic acid. These carbonates are read-
ily available in the form of native limestones and dolomite. We
have discovered that, for economic and technical reasons, the

production of calcium acetate (CA) alone is preferred. This
subject is dealt wit), later in this article.

REACTION KINETICS RESULTS

Calcium acetate is formed by the dissolution of calcium
carbonate in an acetic acid solution. Water and carbon dioxide
are byproducts. The stoichiometric equation is:

CaC03 + 2CH3COOH-*-Cf'CH3C0O0)2 + H20 + CO02

(100 9) (120 9) ('58 g) (189 (449

The reaction is slightly exothermic (AHr » -4.6 kcal/gmol). The
solubility limit of CaAc (calcium acetate) is 28% by weight.
Hence, if asaturated solution of CaAc is desired, a simple mate-
rial balance indicates awat* requirement of 338 g H20 /.00 g
CaCo03>

A series of experiments was undertaken to define the
process kinetics and ultimrte degree of completion as functions
of the reaction temperature, reactant concentrations, and par-
ticle size for calcium carbonate. Alaskan limestone, delivered
from a quarry near livengood, Alaska, and acetic acid were
used as reactants.

The reaction behavior of limestone and acetic acid is reported
in Figure 1. Reactions were conducted in a simple stirred tank

Michaol J. Economidos holds B.S. and M.S. degrees in chemical engineering (University of Kansas) and a Ph.D. in petroleum
engineering (University o f California, Berkeley, and Stanford University). He has industrial experience as a process chemical engineer
and a petroleum reservoir engineer, and is an assistant professor of petroleum engineering at the University o f Alaska, Fairbanks.
Russell D. Ostermann holds B.S. and Ph.D. degrees in chemical engineering from the University o f Kansas. He has worked for E.I.
Dupont dc Nemours as a chemical process engineer and taught chemical engineering at Texas A & M University for two years.
Dr. Ostermann is currently an assistant professor o fpetroleum engineering at UAF. Bertrand Theuveny has a diploma from the Ecole
Centrale des Artes et Manufactures, Paris, France, and is a graduate student in the petroleum engineering department at UAF.
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md Magnesium
De-lIcing Agents

reactor. For a given residence time, as long as enough water
was present to provide an unsaturated solution of calcium ace-
tate at the conclusion of the reaction, the water to limestone
ratio did not influence the reaction results. However, this min-
imum ratio of 4 to 1 on amass basis proved inhibiting at high
acetic acid excess. This result isto be expected since the reaction
is based on the dissociation of acetic acid. An insufficient
amount of water resu-'* in inadequate dissociation of acet’c
acid.

% EXCESS ACETIC ACID

Figure 1. Roaction behavior ot limestone and acotic acid:
Percent completion vs. excess of acid at various residenco
times and with varying wator content.

Tha Northern Engineer, Vor, 14, No. 3

Since various water to limestone ratios above 5:1 did not
exhibit any discernible difference in the reaction completion
rate, the entire subsequent set of experiments was done at a
5:1 weight ratio of water to limestone (for brevity, not all re-
sults are plotted o.i Figure 1).

A significant conclusion can be drawn from the above: The
acetic acid docs not have to be highly refined. Industrial grade
acetic acid (95% purity), which is substantially less expensive
than reagent grade, can be used since it will have to bo diluted
to 50% in any event.

The use of 50% acetic acid may allow an additional cost
savings. Liquid phase oxidation (LPO) and mtinanol carbonyl-
ation are common methods of acetic acid production which
could bo implemented in Alaska. Both of these processes pro-
duce acid at approximately a 50% concentration. One of the
major factors in the cost of high-purity acetic acid is the cost
of purification. Sinco the CMA process could make use of 50%
acotic acid, the purification process and its cost could be elim-
inated.

Methanol carbonylatlon is especially attractive since several
industrial concerns are contemplating methanol production in
the state. The supply of carbonate fur the acetate process seems
assured; the state houses largo deposits of limestone and
dolomite.

Figures 2 through 5 present a comprehensive picture of the
reaction results. The experiments were designed to gauge the
effects of excess acid, reaction temperature and limestone
particle sizes on the degree of completion of the reaction. The
results are for batch reactions with athree hour residenco time.

The amount of excess acetic acid did not augment the
reaction completion signif uly. Hence, acid consumption
can be held at a manageable Ievel.

Neutralization of acetic acid by NaOH can be considered.
However, a further economic evaluation may point toward an
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associated acid recovery unit. An extraction step using an
appropriate solvent, followed by a distillation step, would
suffice.

The effect of temperature is significant. An increase in
reaction temperature from 20°C to 60°C results in an increase
in the completion of over 20%. A similar effect was observed
with the use of more finely ground limestone. (The "first" and
"second" crushing that appear in Figures 2 through 5 refer to
two consecutive outputs of a commercially available rock
crusher.) Both of the last two findings will have an effect on
the economic optimization of the plant design. The beneficial
effect on the completion must be balanced against operating
and energy costs. Finally, the residence time in the reactor is
significant. A 20% increase in the reaction completion was ob-
served when a reaction time of 24 hours was used instead of
three hours.

PROCESS DESIGN AND ECONOMICS

For a simple reaction process such as that producing CMA,
capital costs do not contribute a large proportion of the required
selling price of the product. Rather, it isthe operating cost and,
more specifically, the raw materials costs which are controlling.
At moderate capacities any errors or omissions in the plant
capital cost estimation do not alter the selling price significantly.
Thus, it is possible to obtain a reasonably reliable estimate of
selling price based on only a process design.

Figure 6 shows a block diagram of the preliminary process
design envisioned fcr CMA production. Raw limestone is first
crushed in two stages to particle'! of 1/8" to 1" diameter. The
crushed limestone is then mixed with acetic acid and water in
a continuously stirred tank reactor. The reactor is sized for a
three-hour mean residence time and is heated to 70°C by an
external steam-heating jacket. The reaction product, consisting
of a mixture of unspent acetic acid, unreacted limestone and
inert materials, is then passed throu:.i s filtration unit. In the
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Figure 5. Reaction performance for limestone and 100%
excess acetic acid.
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filtration unit unreacted
solids are removed and sent
to a settling pond where
they are neutralized by
adding sodium hydroxide.
The filtrate containing the
product acetates is then
sent to a neutralizer reac-
tor where excess acetic
acid is neutralized by the
addition of sodium hy-
droxide. The resulting ace-
tate solution is checked
for appropriate pH value
and sent to a liquid
product storage tank. With
an optional process addi-
tion, it would be possible
to evaporate the liquid
product to produce a
solid calcium or magnesium
acetate product.

On the basis of this design, we have completed an economic
analysis of the proposed CMA plant. It should be emphasized
that this analysis represents a best-case scenario, with contin-
uous plant operation and minimal storage facilities.

Figure 7 shows the required selling price as a functir n
of acetic acid cost for a 10,000 gallon per day (GPD) plant
and a 50,000 GPD plant. It is apparent that there is some
economy of scale, but the final r'ant size will most likely
be dictated by market considerations. Finally, Figure 8 pre-
sents the selli..j price for CMA as a function of production
rate alone with a fixed cost for acetic acid (51.25/ gallon).
It is obvious that a minimum plant capacity of about 12,000
GPD is dictated by the economics. Little additional economy

PRICE OF ACETIC ACID, $/GAL.

Figure 7. Required .elling price of CMA for various acetic acid
prices.

The Northern Engineer. Vol. 14, No. 3

Figure 6. Block diagram of conceptual process design.

of scale is indicated above
the production rate of
30,000 GPD. In these two
figures, the price of CMA
has been reported in dollars
per ton of solid in solution
to allow comparison with
current prices of sodium
chloride and calcium chlo-
ride.

Figures 7 and 8 indicate
that the cost of acetic
acid is the single most im-
portant factor in the sell-
ing price of CMA. |If
acetic acid must be shipped
to Alaska from Texas, for
example, at a cost of over
S2.50 per gallon, the price
of CMA will be more than
S500 per ton of solid in
solution. However, acetic
acid is normally shipped and delivered in purities in excess of
90%. Since in our process acetic acid is diluted with water to
roughly 50%, it does not make sense to pay an adoitional pre-
mium for high-purity acetic acid. In fact, one of the major costs
of producing acetic acid is the purification stage taking the
acid from 50% to purities of more than 90%. Hence, if a pro-
duction facility for acetic acid were located in or near Alaska,
it should be possible to purchase dilute acotic acid at a consid-
eraole savings, perhaps at a cost as low as S1 per gallon.

Even if imported acetic acid is used, the price of S500 per
ton of solid CMA may not be excessive. CMA is not corrosive
as are calcium and sodium chlorides, so there is an inherent
cost advantage in using CMA as opposed to chloride salts.
Therefore, while CMA may cost more in the initial stage of ap-
plication, it may save a great deal in maintenance costs. In

Figure 8. The effect of plant size on the CMA price (S1.25/
gallon acid).
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addition, since airports cannot use chloride salts for runway
de-icing, but must now rely on more expensive methanol or
urea, CMA may have a particular cost advantage.

FRFF.ZING AND EUTECTIC EXPERIMENTS

There are two objectives in this series of experiments:
(1) determination of eutectic relationships for various solutions
of salts; and (2) evaluation uf the de-icing performance of the
saits under varying atmospheric conditions.

The eutectic diagrams are the result of measurements
gathered in the laboratory. A cold testing chamber was used
to evaluate freezing properties over a wide range of ambient
temperatures (0°C to -75°C). A comprehensive laboratory
study involved the use of different de-icing salts (CaAc,
MgAc, NaCl and CMA) at several concentrations. The results
seen in the accompanying figures represent the average read-
ings gathered over three test runs. The best de-icing agent
is a concentrated solution (27% by weight) of MgAc, At
the lowest temperature tested (-75°C), the solution S"I--- but
did not freeze.

Figure 9 shows the eutectic behavior of sodium chloride
solutions. The saturation Doint for NaCl is 26% by weight.
Figurc-s 10 and 11 show the eutectic characteristics of AaAc
and MgAc respectively. The upper limit (saturation point 'nr
CaAc was 28%, while that for MgAc was somewhat lower. W ?
CaAc did not prove more effective than NaCl, MgAc v
decidedly more effective, with a eutectic point depression ot
75°C. Hence, a mixture of calcium-magnesium acetate (CMA)
with a high concentration of MgAc should be the most effec-
tive de-icer. A 25% solution of CMA with 70-80% MgAc
would be sufficient for the most severe climatic conditions, at
is shown in Figure 12.

The findings of our freezing experiments, in addition to
corroborating the de-icing performance of the acetate com-
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Figure 9. The freezing temperature of NaCl solutions as deter-
mined by ( xperiment.
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pounds, have also pointed out a major conclusion. Since the
best dolomite deposits in the state contain less than 50?0 mag-
nesium carbonate, the limit of the CaAc/MgAc ratio is de facto
determined.

A re-examination of the findings shown in Figure 12 lead to
the observation that a 50% MgAc/50% C«Ac CMA solution is
not any more effective than a pure calcium acetate solution.
For example, a 20% CMA solution containing 50% MgAc has a
freezing point of -29°C (Fig. 12) while a pure solution of CaAc
has a freezing point of -26°C (Fig. 10).

Since the use of dolomite containing lewer concentrations
of magnesium carbonate results in a solution which is no more
effective than calcium acetate derived from abundant lime-
stones, and since dolomite is more expensive than limestone, it
tan be concluded that calcium acetate would be the most eco-
nomic product for the process. To avoid confusion, we contin-
ue to use the nomenclature CMA throughout this article. How-
ever, it should be realized that wt efer to a calcium acetate
solution containing only small amounts ef magnesium acetate.

A FUNT \MENTAL STUDY OF FREEZING POINT
DEPRESSION IN AQUEOUS Ca(02CCH3)2 AND
Mg(02CCH3)2 SOLUTION

The Debye-Huckel theory provides a satisfactory interpreta-
tion of freezing point depression in dilute aqueous solution.
Brown and Prue , Christoffersen and Prue® and Pruz si al?
have demonstrated the applicability of the Debye-Huckel
theory in dilute solutions of sodium, potassium, magnesium
and calcium ions with a variety of anions. While the thermody-
namic propertiesof dilute aqueous solutions are well established,
there is little in the literature for concentrated solutions. The
t'bove studies dealt with molarities of less than 0.1, far below
the saturations contemplated in this work.

% COMPOSITION CaAc

Figure 10. Eutectic diagram of CaAc solutions.
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% COMPOSITION MgAc

Figure 11. Eutectic diagram of MgAc ilutions.

At sufficiently high dilutions, the interactions between ions
in solution are purely coulombic, and the osmotic and activity
coefficients are determined by the charge type alone. At higher
molalities, specific effects become marked and eventually be-
come dominant. Various explanations of these phenomena
have been offered in the context of activity coefficients.®’'®

The freezing point depression ATf can be obtained from the
relationship:

ATF (LHATF) O

first introduced by Guggenheim and Prue,where, for aqueous
solutions, b=4.8x10'4 °K ‘1 and ,\ is the cryoscopic constant,
equal to 1.860 °K/mole-kg. Sm is equal to 2m for 9 rmmetrical
electrolytes (such as NaCl, CuS04 and NaC~CCHj) and 3m
for asymmetrical electrolytes, such as CaC”, Ca~CCHg"
and MgIC~"CCHg”' The molality, m, is defined as the number
of moles per 1000 g of solvent.

The osmotic coefficient, 0, is given by the equation:

0=1-~"Alz+z%)l °<l > (2)

where A is the Debye-Huckel constant (1.124 kg”~mole'?), z+
and z- are the charge numbers o* the ions, | isthe ionic strength,
and a is a function describing the ionic interaction within a
solution. Values of the function a can be obtained from:

)« 3 (1+v--fTy -2In(1+y» ©)

The ionic strength | is related to the ionic activity coefficient by:

az?ylT
elog f 4
9T 1oyt @
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Figure 12. Eutectic characteristics of variot™ composi-
tions of CMA solutions.

where fj is the activity coefficient, a and p are parameters
varying with temperature and the dielectric constant, and y
is the ion-size parameter, or effective ionic radius.

The ionic strength can be estimated from the summation of
the product mobrity tlmes ionic charge squared for all ionic
species present in the solution, i.e.:

1=0.5 +c,z,: + ...+ C|Z2) (5)

We have taken this relationship one step further. Since c is the
molarity, defined as nhumber of moles per 1000 cc of solution,
a simple relationsnip between molality and molarity can be
written:

mi ~solution = ci (6)
Further, for a single electrolyte, we can write:
m.z (7)

as a necessary condition of neutrality, or

8)

Introduction of equations (6) und (8) in (5) ‘or a single
electrolyte yields:

z.z.

A% m1nsolution ( 2 + 2 N ©)

We label the expression within the parentheses the lonic
Strength Indicator (ISI) which is a characteristic parameter of
single-electrolyte aqueous solutions. For t'*"'Imonovalent ions,
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the value is equal to 1, for a monovalent/bivalent combination
it is 3, and for two bivalent ions the ISl ir, equal to 4.

Example Calculation

Calculate the freezing point depression of a28% (by weight)
aqueous solution of NaCl.

The molality, m, can be obtained by dividing the weight of
sodium chloride in 1000 g of solvent by the MW of NaCl.

.280x1000.
(= )/ 5B.5 = 6.6

The ionic strength, I. can be calculated using p = 1.323 g/cc
(the measured density of 28% NaCl solution) and ISI = 1.

I= 6.6 x 1.323 x 1=8.73 and 17@3= 2.95 !

Then, o(IVl) =.179
The osmo'ic coefficient may then be evaluated:

0= 1- ~x 1.124 x (1x1) x 2.95 x .179 = .802

and finally (ignoring bATf)

ATf=2x 6.6 x 1.860 x .802 = 21°K or °C

The predicted freezing point depression for a 28n NrCl
solution is 21°C below the freezing point of water.

The Debye-Huckel theory has been applied to CMA
solutions. Table 1 presents the predicted results. The theoret-
ical freezing points lag behind the experimental by approxi-
mately 10°C. Apparently, certain special activity coefficients
are in effect here. However, the slight differences observed
among the experimental results of the freezing points of the
three compounds were observed in the fundamental prediction
as well, i.e., the order of de-icing effectiveness was MgAc, NaCl
and CaAc. A combination of the Debye-Huckel theory and our
experimental results can be extended to other similar salts in
like concenirotion ranges to provide a good prediction of their
de-icing characteristics.

CONCLUSIONS

This work resulted in a number of original findings. A reac-
tion scheme involving acetic acid and native limestone has re-
sulted in a good yield of calcium acetate. While dolomites were
equally effective, the calcium-magnesium acetate mixture that
was produced did not exhibit a better de-icing perfr-mance
than that of calcium acetate. Hence, in view of the scope of this
work, only the reaction of limestone (CaCC”) with acetic acid
can be considered as a viable means to produce an acetate de-
icing agent.

A process design and economic evaluation was presented.
The price of CMA varied from S590/ton for a 10,000 gallon
per day plant at S2.50 per gallon of acetic acid, to S230/ton
for a 50,000 gallon per day plant at S1.25 per gallon of acetic
acid. These prices are within the ranges of prices for present
de-icing compounds. The immense secondary costs associated
with the use of chloride salts make the acetates even more
attractive.

28

TABLE 1
Predicted Freezing Point Depression
Using the Debye-Huckel Theory

NacCl CaAc MgAc
% w ATf(°C) % w ATF(°C) %w  ATf(°C)
0 0 0 0 0 0
5 2.9 5 2.8 5 31
10 6.1 10 5.8 10 6.4
15 9.7 15 9.2 15 10.2
20 13.8 20 13.2 20 14.7
25 18.5 25 17.8 25 19.9

Finally, the de-icing and eutectic characteristics of the ace-
tates have been experimentally determined and fundamentally
justified using the Debye-Huckel theory.
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HIGH-SIrEED

GRAVEL ROADS

The Dalton Highway: not quite a high 'peed gravel road - yet

38

laskans seeking to improve the quality of their rural roads might do well to con-

/m % sider surfacing them with gravel instead of asphalt - especially in areas with
A extensive permafrost or muskeg. This ironic and seemingly backward idea
results from the great difficulties which are encountered in trying to build and main-
tain a stable road embankment over poor foundation material. Without such stability,
asphalt surfaces quickly become distorted, cracked and full of potholes. In severe
cases, road crews may not be able to keep roads in a condition for safe high-speed
travel, even with a great expenditure of time and money.

Gravel surfaces, of course, suffer from embankment instability too, but the re-
sulting problems are sometimes less severe and are nearly always easier and cheaper to
repair Differential thaw settlement, for example, slowly but continuously creates
hurnps and dips in roads, On a gravel surface, these distortions can be smoothed
out as a pari of the regular grading plan, sometimes with little or no extra effort.
On a paved road there is no alternative but to put up with the humps and d:ps for as
long as can be tolerated, then tear up the entire pavement, recondition the roadbed,
and repave.

Technically feasible designs are possible which would provide stable roads over vir-
tually any terrain. Permafrost areas, for example, could be spanned with continu-
ous bridges supported on refrigerated pilings, similar to the above ground sections
of the Alyeska pipeline. Such a design might be practical for spanning small pockets of
bad ground, but the cost would be astronomical if it were used for any significant

Matthew Reckard is a research enginec with the Alaska Department o f Transporta-
tion and Public Facilities. Research Section. A version of this paper was presented ar
the 33rd AAAS Alaska Science Conference in September 1982.
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stance. Over long stretches of un-
staule ground, then, gravel-surfaced roads

Jilely to be the most cost-effec-
:'ve means of providing high-speed
travel.

Experience has shown that gravel-
eurtaced roads can provide adequate per-
eormance under difficult conditions. Sur-
sicc roughness measurements made on the

iska Highway in 1980 by the Research

:iion of the Department of Transporta-

,.n and Public Facilities showed a smooth-
urface on the Canadian (gravel) side of
border than on the Alaska (paved) side,

se measurements were made with a

.5 Ride Meter over 39 miles of paved

| and 62 miles of gravel-surfaced road,

rage axle movements were 13% less
the grave* ‘ortion then on the paved

ions. Perhaps more significantly, the

dence of large ( >'" ) axle move-
nts - which in es severe dips or
holes - was seve imes as great on

r paved sections.

iIQUIREMEN./S

Many gravel roads are in poor shape,
course, and to make them safe for high-
eud travel is not an inexpensive task. The
isic needs for Location and dimensions

of the road - including alignment, width
of surface, and grades —are virtually iden-
tical to those for paved roads. Many older
roads are narrow, winding and steep, and
upgrading these
matter what type of surfacing they have.

Gravel-surfaced roads require a greater

auld be expensive no

‘scrown” (transverse slope) than paved
roads to ensure good drainage of water
from the surface. This not only reduces
rutting during rainy

weather, but also reduces formation of

muddiness and

potholes and
crown is usually recommended for gravel

"washboarding.” A 4%

surfaces whereas 2% is typical of paved
roads.This requirement has little or
no effect on costs, but is sometimes over-
looked in building and maintaining gravel
roads. A good gravel road also needs asur-
face layer of hard, crushed gravel with
sufficient fine material to act asa binder.
Such material compacts well and "sets up"
into a hard, smooth surface. Many gravel
roads have been surfaced with uncrushed
material (which is cheaper) and have few
silt- jnd clay-sized particles or "fines"
(which is intended to limit frost heaving).
The result is loose gravel on the surface,
much more dust and poorer overall sur-
face quality.

Javemont may be no panacea. Asphalt road surfaces in the north, like the cracked one
shown here, often break up quickly. (All illustrations courtesy DOTPF.)
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A major cost in maintaining high qual-
ity gravel roads is periodic surface treat-
ment with a dust palliative. This is a wide
o-oup of materials which provide a weak
cementing action to the * ' thus pro-
moting a hard, smooth surta_c with fewer
potholes, less wasiibo.trding and reduced
dust problems. Although this treatment is
expensive, it may pay vor itself by reduc-
ing the need for grading and the loss of
surface gravel. The reduction in dust is al-
most mandatory if high-speed travel is to
be made safely. Examples of dust pallia-
tives include waste oil, calcium chloride,
emulsified asphalt and lignins. They have
been used rarely outside of urban areas in
Alaska, although calcium chloride has been
used widely in the Yukon (including the
Alaska Highway). Calcium magnesium
acetate (CMA) might also be an effective
dust palliative, since like calcium chloride
it is hygroscopic, but it has not been used
for this purpose.

CONSTRUCTION COSTS

The most obvious difference between
the costs of building gravel and paved
roads is the cost of the asphalt pavement.
On recent Alaskan rural highway projects,
this amounts to roughly 575,000 per mile
of two-lane road, incidentals

such as paint striping and mobilization. In

including

some cases, however, other factors could
result in even greater cost differences be-
tween gravel and paved roads.

One of these is the limitation on the
amount of fines allowed near the surface
of the embankment. Current Alaska design
policy** places restrictions on fines as deep
as 3Vi feet
to reduce frost heaving of the roadway.

olo« a paved surface in order

Thaw weakening of heaved embankments
causes severe and permanent damage to
asphalt pavements, justifying this policy
for paved roads.** Damage to gravel-
surfaced roads from thaw weakening,
however, is limited to greater muddiness
and rutting at breakup - a temporary and
relatively inexpensive problem. Greater
amounts of fines might therefore be toler-
ated in gravel-surfaced roads.

"Clean" gravel (free of fines) is often
expensive since good sources are rare in
many areas. Restrictions of fines content,
then, often leads to greater material pro-
cessing, longer haul distances, and difficul-

ties in securing necessary permits (many
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Figure 1. Estimated costs per year for well-maintained roadways.

"clean" gravels era river bottom deposits
and mining them can cause environmental
damage). Gravel suitable for unpaved
roads may be much cheaper than that for
paved roads (asiluch as S100,000 per mile
of two-lane roadt, based on some recent
contract unit price;).

Similar savings might result where road-
ways are cut through "dirty" material or
even soft, degradable bedrock. For a paved
road, excavations must be made to a level
well below the final surface to remove
these materials. This excavated material
must thr n be replaced with clean gravel
hauled f om elsewhere. Much of this might
be avoic ed if the road wore unpavcd, since
the original material could be left in pi: je.

Unusually thick
are sometimes built in permafrost areas in

road embankments

order to insulate the original ground and
protect it from thawing and settling. In
some cases, manufactured insulation board
has been placed beneath roadways. In such
areas, gravel ro:ds may be much cheaper
to build than pj-jd roadways since there
is less need for these measures. This is be-
cause gravel surfaces.stay cooler in summer
than paved ones” (probably due to acom-
bination of greater albe ~o and the cooling
effect of greater evaporation of moisture
from gravel surfaces). Since the surface

40

stays cooler, less insulation is required to
prev.-ntihawingtheunderlying permafrost.
The magnitude of the reduction depends
upon the local climatic conditions (par-
ticularly the thawing index), but calcula-
tions utilizing the Modified Berggren
Equation suggest that it is approximately
equivalent to two feet of gravel in Interior
Alasxa and one foot on the North Slope.
In Interior Alaska, this alone might result
in saving S250.000 per mile for two-lane

roadway.

MAINTENANCE COSTS

Maintenance of a high-qualitv road is
not inexpensive even in the best of cir-
cumstances. Grading and treatment with
dust palliatives must be performed regu-
larly, and the cost of the latter is relatively
high.
gravel must be re -ewed every few years as

In addition, the surfacing layer of

grading and traffic wear it away. These
expenses are higher where the foundation
soils or the road embankment itself are of
poor quality, but they are significant even
if aroad is built on bedrock.

In contrast, maintenance costs for
paved roads are highly variable. If an em-
bankment of material unsusceptible to

frost is built on bedrock, it is likely that

an asphalt pavement will have a long life
with little need for patching or pothole
filling. On poor roadbeds, the situation is
drastically different. There have been
numerous instances on highway construc-
tion projects over permafrost where pave-
ment repairs have been necessary even

before the entire project was completed.

Figure 1 illustrates the estimated cost
of maintaining a paved road and a gravel-
surfaced road in a condition adequate for
high-speed (55 mph) travel as a function
of the roadbed quality. The estimate as-
sumes maintenance over the alignment for
an indefinite period, nd the cost of pe-
riodic repaving, regraveling and recondi-
tioning are included in the averages. |/e
"foundation quality” is meant to be a
combination of both embankment and
foundation soil conditions. Costs were es-
timated based on recent contract prices
for various activities, on historical state
maintenance costs and work levels, on
current prices for asphalt, dust palliatives
and other materials, and on interviews with
state maintenance,design and construction
personnel. Exact predictions of these costs
cannot be expected, as is indicated by the
range of costs shown in the graph. The es-
timate indicates that a paved surface is
cheaper to maintain than a gravel one if
the road foundation is very good and both
types of surfaces are kept in good condi-
tion. As foundation quality deteriorates,
however, this advantage disappears, and
where foundation quality is very poor,
gravel surfaces appear to be much cheaper.

Many sections of Alaska's highways,
paved and unpaved, have not always been
kept in a "high-speed" condition, and dust
palliatives h, ;e rarely been used in rural
areas. The cost estimates in Figure 1there-
fore necessarily rely to some extent on
theoretical instead of empirical data. The
accuracy of the estimate - and in partic-
ular the exact crossover point between
paved and unpaved surface costs - may
thus be questioned. That such a crossover
exists, however, seems clear,

It also seems clear that high quality
gravel surfaces should be given serious
consideration when plans for road improve-
ments are formulated. Such surfaces might
yield both better performance and lower
costs in some areas, and the resulting ex-
perience would help to clarify the trade-

offs between paved and unpaved roads.
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A case in point which isof considerable
current interest is the Dalton Highway.
Much of this road passes over permafrost
which provides a poor foundation. An as-
phalt pavement may deteriorate rapidly
here, and many improvements are possible
short of paving the road. Maintenance of
a proper crown would by itself improve
the road. The only good surfacing gravel
ever placed on the road has been put
there in the last year and a half; most
of the road still has none. Virtually no
dust palliatives have ever been used on
the Dalton Highway; these could im-
prove the surface further, reduce the
and reduce the loss
as well

need for grading,
of surfacing gravel as help to

control dust problems.

of the above
would cost a considerable amount of
money, but not nearly as much as a
project to pave the road.
be more successful than an asphalt pave-

A program to do all

It might also

ment an the long stretches of unstable

ground the Dalton Highway crosses.
On more stable parts of the road, on
the other hand, paving may well be the
most cost-effective means of improve-

ment.

PUBLICATIONS

Note: Building in the North, the col-
lection of classic Eb Rice articles, is being
reissued with some minor revisions and
updating by the School of Engineering
here at the University of Alaska-Fairbanks.
In keeping with Eb’s wishes, profits - if
any — from sales of his book will go
toward furthering the cause of northern
engineering education.

Important sidelight to the foregoing
The Northern Engineer has very
few copies left of the earlier printing of
Building in the North. If you need the
book, place your order with the Office
of the Dean, School of Engineering,
University of Alaska, Fairbanks, AK
99701. The new copies will be available
sometime after the first of the year; price
is not yet known, but given inflation over
the intervening years, it is sure to be more
than the previous S4.

note:
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CONCLUSIONS

High-speed gravel roads merit serious
consideration on Alaska's rural highways,
particularly where poor foundation con-
ditions - such as permafrost and muskeg -
are encountered and in areas where clean
gravels unsusceptible to frost are scarce.
Asphalt pavements are likely to perform
poorly in such areas and to have high con-
struction and maintenance costs. Neither
highway users,norstatehighway personnel,
nor taxpayers will be happy if, afew years
after an expensive paving project, a road
is as bad as or worse than it was oefore.
Even some parts of Alaska's highways
which are now paved might be improved
by taking the "backward" step of giving
them a high-quality gravel surface - and
money could be saved in the process.

This article isadaptedfror,. iheautlior's
report "Costs and Performance of Higlt
Speed Liravel Roads." Requests for tltc
full reporrshould be sent to Barbara Trego,
PublicationSpecialist, Department of
Transportation and Public Facilities, Divi-
sion of Planning and Programming, Re-
search Section, 2301 Peger Road. Fair-
banks, Alaska 99707.

NOTED

Undergraduates studying civil engineer-
ing, geology or geological engineering are
eligible to apply for a S1000 annual
scholarship established at the University
of Alaska by R&M Consultants. The
scholarship is a memorial to the late
Ralph Migliaccio, founder of R&M and
the firm's president until his death.

Preference will be given tn applicants
demonstrating high scholastic ability, and
financial need may be considered. The
Alaska Foundation will

administer the scholarship fund; scholar-

University of

ships will have a spr.ng semester applica-
tion deadline and V/ill be awarded for the
following fall semester. Forms and fur-
ther
Dixie Brown, Executive Director, Univer-
sity Foundation, 113 Bunnell Build-
ing. University of Alaska, Fairbanks,
AK 99701.

information are available from
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The Alaska Academy of Engineering
and Sciences is up and going. A newly
released flyer states the academy is open
to any individual with a professional
interest iu Alaska engineering and science.
No discipline, group or geographic region
within the state will dominate; potential
memoers from academia, industry, govern-
ment and the private sector are encouraged
to join.

The overall purpose of the academy is
given as "the advancement of engineering
and scientific knowledge, practice, and
public service through the encourage-
ment of: (a) scientific research and dis-
covery, (b) technological innovation,
(c) discussion of engineering and scientific
problems and issues, and (d) publication
and discussion of technological and scien-

tific information and knowledge.

Ambitious plans already exist for the
group to fulfill its aims. The academy
plans to hold a conference each spring; to
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