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C M A — An A l t e r n a t i v e  R o a d  D e i c e r

The use o f  s od ium  ch lo r i de ( c ommon  sal t )  and ca lc ium ch lo r ide  has ra ised con t r ove r sy  bo th  in 
Alaska and nat ionwide.  These  mate r ia l s  can def in i te ly  reduce the hazard o f  w in te r t ime dr iving 
but do  so  at t r emendou s  expense .  Po l lu t i on  and co r r o s ion  d amage  at t r ibu tab le to ch l o r i d e  sa l t s  
e f fect ive ly b o o s t s  thei r real co s t  by a fact or  10 to 15 when long term e f f e c t s  are cons ide red .  F o r  
example ,  s od ium  ch lo r i de  p resent ly  se l l i ng in Fa i rbanks  for  abou t $ 125  pe r ton wou ld  De e x p e c ­
ted to gene ra te  l ong term damage s  in e x c e s s  o f  $1 , 000 .  The  regard f o r  publ ic s a fe t y  which 
demands con t inued  use  o f  these readi ly avai lab le mater ia ls ,  ha s  a l s o  fue led  a se a rch  fo r  
someth ing better .  A sa fe  and ec onom ic a l l y  v iab le a l ternat ive may now be on  the hor i zon .

Nationa l re sea rch  a imed at providing improved road de ic ing c om pou nd s  has  ident i f ied 
Ca lc ium Magnes ium Aceta te (CMA) as  a poten t ia l  subs t i tu te  fo r  ua lc ium and s od ium  ch lo r ide .  
CMA is e s sen t ia l ly  made  by d i sso lv ing c rushed  l imes tone  into ace t ic  acid .  Its c ompo s i t i o n ,  
CaMg(CHjCCOO)4 ,  is characte r i zed by a varying ratio o f  ca lc ium (Ca) to m agnes ium  (Mg) which 
depends  upon the type o f  l imes tone  used.  The d e ic i r g  power  o f  CMA in c r ea se s  with inc reas ing 
Mg content but is gene ra l ly  within the range o f  s tandard ch lo r ide  sa l t s .  The re t  • advan tage in its 
use s t ems f r om its low damage potent ia l .  It is non-cor ros ive  to m os t  meta l s ,  v jvenyvhen c o m ­
pared to tap water . Toxici ty is a l s o  low and the mater ia l  d e c o m p o s e s  into the three  h a rm le s s  
componen ts ;  ca rbon  dioxide ,  wa ter  and l imestone .  L imes tone  re s idue wou ld  ac tua l ly  se rve  a s  a 
so i l  cond i t i one r for  unpaved ar eas borde r ing the toadway in sha rp  contr as t  to the g r ound  
poisoning e f fe c t  o f  a ch lo r ide  salt .  Un fo r tuna te ly ,  ca lc ium and magne s ium  ace ta te s  can p r e s e n ­
tly be ob ta ined on ly in the very co s t l y  and pur i f ied fo rm  of  l abo ra to ry  reagents .  Avai labi l i ty o f  
CMA in a much le s s  expens ive  industr ia l  grade mus t p roceed  its use  as  a deic ing agent .



,  A DOTPF  funded re sea rch p ro j ec t  was recent ly c omp le t ed  which exam ined  the poss ib i l i ty o f  
manu fac tu r i ng low grade CMA within Alaska.  A f inal repor t  out l in ing this s tudy was au tho red by 
M. J. E con om id e s  and R. D. Os te rmann o f  the Universi ty o f  A laska  tit led "P re l im ina ry  Design and 
Feasib i l i ty S tudy for  a Ca lc ium-Magnes ium Acetate Unit . ”  The au tho rs  d i s cu s s  product ion  o f  a 
"h ighway g rade ”  saturated CMA so lut ion on a sma l l  s c a l e  not exceed ing  75  tons  (dry weight)  per 
day. CMA was shown to be econom ica l  at pr oduct ion leve ls  above  approx imate ly  17 tons  per Niay 
with pred ic ted c o s t s  running $ 2 9 0— $590 per ton depend ing  on product ion rate and the base 
price o f  acetic acid. For compar ison calcium chlor ide co s t s  a lmos t $650 per ton F.O.B.  Fairbanks.

The DOTPF  is cont inuing to sp on s o r  a prog ram of  CMA re sea rch  a l ong two di f fe rent  l ines.  One 
study invo lves a re f inement o f  the manufactur ing p r o c e s s  and wil l  resu l t in the des ign  o f  a CMA 
pi lot plant.  Anothe r pro j ec t  is at tempting to take advantage  o f  CM A ’s abi l ity to retain moistu re in 
a so i l  m xture.  The poss ib i l i ty ex is t s that it can be used  to rep l ace ca lc ium ch lo r i de a s  a dust 
con tr o l 'e r  and soi l  s tabi l i zer fo r  unpaved roads .

Robert  L. McHattie , P.E.
Sen io r Resea rch  Engineer

DO TPFR ESEA R C H
f u r t h e r  in format ion on any o f  the topics cove red in " R e s e a r c h  N o t e s "  may be ob ta ined by ccn- 
act ing Larry Sweet ,  Resea rch  Manager.  A list o f  pub l i ca t ions p roduced by the Resea rch  Sect ion 
nay be obta ined by writing Barbara Trego,  Pub l i ca t ions Spec ia l i s t ,  2301 Pege r  Road ,  Fairbanks,  
Alas'-a 99701 o r  by ca l l ing the Resea rch  Sect ion at (907 )479-2241 .
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Calcium Magnesium Acetate (CMA) is 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.



Process Plant Design and Test Application P rogram - 
for Calcium Acetate as a^on-Corrosive 

De-icing and Dust Control Agent in In te rio r Alaska '

RESEARCH-? ROP.OSAL

EXECUTIVE SUMMARY
Calclum-Magncsium Acetate (CMA) is a non-corrosive, environmentally benign ice 

control agent which nould be used to replace the corrosive Chloride salts currently in use 
in Alaska. We also believe that CMA can be used to replace calcium chloride as a dust 
control agent. The adverse effects of salt on automobiles, bridge structures and plant 
life are well known. We have estimated tha damage to automobiles alone in Alaska may 
exceed $20,000,000 annually. An obvious incentive exists for the use of non-corrosive 
chemicals fo r ice control.

In previous work performed under contract to the Alaska State Department of 
Transportation, we have demonstrated that CMA can be produced locally through the 
dissolution o f naturally occuring limestones in acetic acid, We have developed a 
preliminary process design and e~7ne;nic evaluation based on our work. We estimate that 
CMA could be produced in Alaska for $30D-600/ton (salt equivalent), compared to 
$850/ton for calcium chloride delivered to Fairbanks. In view of the "corrosion costs" of 
chloride salts, CMA at $600/ton is a bargain.

The results o f our previous work, are highly encouraging. We have developed 
kinetic data on the reaction of acetic acid with limestone, and have constructed a bench 
scale reactor in our laboratories to gather further design data. lVhat remains to be done, 
is the completion o f a full scale process design and the construction of a pilot plant 
facility. Furthermore, a road test o f CMA as an ice control agent and dust control agent 
under arctic conditions should be conducted.
Research Objectives

We have identified the following objectives for the proposed project:
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 the process.

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

3. The demonstration of the effectiveness o f CMA as a road deicing agent
in arctic conditions. This would entail a strip test to be conducted by the State D.O.T.

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

5. The development of an optimal application method for CMA to ins ;re
maximum cost-effective use.
Pro ject Cost \

The total cost o f the proposed research would be $196,000, o f which $67,000 would 
be sal, ries and benefits, $41,000 would be supplies and services (chemicals), and $36,000 would be equipment. The remaining $52,000 would be for university overhead.

i



WORK PLAN
Dr. Ostermann and Dr. Economides wiU use the results of previous

kir.etic studies and ongoing bench scale work to develop a process design for a
fu ll scale production facility. Both Dr. Ostermann and Dr. Economides have 
degrees in chemical engineering and experience In the process industry. It is 
well within their expertise to perform such a design. The design will Include 
the selection of the optimal process scheme, and a complete economic 
analysis o f the process. A flowsheet and equipment list will also be provided.

A pilot plant facility capable o f producing 100 gal/day (8 hr. day) will
be built based on the process scheme. This pilot plant will be operated to
demonstrate the feasibility o f the process, develop bulk kinetic data and other 
design data, and to produce CMA for road tests.

CMA produced in the pilot plant will be applied to a test strip or test 
intersection in the Fairbanks North Star Borough. This test will be conducted 
during the winter of 1983-84 by Alaska D .Q / f . personnel. A truck equipped 
with a sand spreader and spray pump will be used since CMA is best applied in 
saturated solution. The performance o f the CMA will be compared with that 
of salt.

Additional CMA will be used to evaluate its effectiveness as a dust 
control agent. The primary mechanism of dust contro'1 is moisture retention 
and partial agglomeration. CMA will be compared to calcium chloride using 
artificia lly prepared laboratory roadway samples wl ch can be "Eged" and 
observed for weight loss and ease of "dusting” .

Sand is stored in large pLles. I f  these piles are ; \ winterized, they will 
freeze solid in the winter. Currently, salt crystals an dded at 5-10 wt’ % to 
prevent freezing. It is proposed thet CMA solution could be sprayed over the 
pile with the same effect. This hypothesis will be checked with a series of 
small scale tests involving several methods of application.

In conjunction with the road tests, several methods of application will 
be tried to determine the "best”  application method.



DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES
POUCH Z  '
JUNEAU. ALASKA  99811
POUCH

OrnCE or THE COMHISSIOKER

June 4, 1982

.Re: Ice Control Methods

and Materials

Mr. R. A. Bundy 

P.O. Box 3-5000 

Juneau, Alaska 99802

Dear Mr. Bundy:

This refers to. yiur recent letter concerning ice 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 ice 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, i.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, I assure you that we will stop using 

the materials now in use.

Sincerely

.Robert V/. Ward 
Commissioner

cc: Patrick P. Ryan
Deputy Commissioner, M&0
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r JAYS. HAMMOND. GOVERNOR-

D E P A R T M E N T  O F  T R A N S P O R T A T I O N  A N D  P U B L I C  TAC I L I T I E S
DIVISION OF PLANNING AND PROGRAMM ING

RESEARCH SECTION

M a r c h  25, 1982

2301 PECER ROAD  
FAIRBANKS. ALASKA 99701-6394 
PHONE: (907] 479-2241

Re: C a l c i u m  M a g n e s i u m  A c e t a t e  (CMA) 

S u b s t i t u t e  for Salt on H i g h w a y  

I c i n g

Mr. T om J o h n s o n

Senate R e s o u r c e  C o m m i t t e e

Pouch V

Juneau, A l a s k a  99811 

Dear Mr. John s o n :

Per your r e q u e s t ,  the f ollowing is some i n f o r m a t i o n  r e g a r d i n g  e f f o r t s  to 

find a s u b s t i t u t e  for the c o m m o n  salt that has a t t a i n e d  w i d e s p r e a d  use in 

this c o u ntry for d e i c i n g  highways. Th e r e  h a s  b e e n  c o n s i d e r a b l e  r e s e a r c h  on 

the p r o b l e m  of c o r r o s i o n  a s s o c i a t e d  w i t h  c o m m o n  salt a nd C a l c i u m  M a g n e s i u m  

A c e t a t e  (CMA) h a s  b e e n  shown to be an e f f e c t i v e  s u b s t i t u t e .

O ur own r e s e a r c h  has not bee n  d i r e c t e d  t o w a r d  f u r t h e r  i n v e s t i g a t i o n  of the 

deicing and e n v i r o n m e n t a l  q u alities of CMA b e c a u s e  that i n f o r m a t i o n  

already exists. R a t h e r  o ur effort has b e e n  to st u d y  m e t h o d s  of p r o d u c i n g  

CMA from i n d u s t r i a l  gr a d e  acetic acid a n d  A l a s k a n  l i m e s t o n e  so that an 

e c o n o m i c a l l y  f e a s i b l e  p r o c e s s  can be d e v e l o p e d  to p r o d u c e  C M A  her e  in 

Alaska.' M a n y  p e o p l e  feel that some s u b s t i t u t e  w i l l  h a v e  to be fo u n d  to 

avoid the c u r r e n t  w i d e s p r e a d  damage to v e h i c l e s  a n d  o t h e r  e q u i p m e n t .

Dr. M i c hael E c o n o m i d e s  of the P e t r o l e u m  E n g i n e e r i n g  D e p a r t m e n t  of the 

U n i v e r s i t y  of A l a s k a  i... w o r k i n g  on o ur study. A  s u m m a r y  r eport of his w o r k  

should be a v a i l a b l e  in three months.

I hav e  e n c l o s e d  a page further d e s c r i b i n g  the u se of CMA for h i g h w a y  

icing. I hope t h i s  i n f o r m a t i o n  is of use to you. I w i l l  see that y o u  g et a 

copy of our r e p o r t  w h e n  it becomes a v a i l a b l e .

S i n c e r e l y ,

H e i n r i c h  S p r i n g e r  

_ .. D i r e c t o r

/

.arry S w e e t  

R e s e a r c h  M a n a g e r

L S / emc

A tt a c h m e n t  as s t a t e d .  j

cc:____ J o h n  R : i f o c  n p n n l - v  C n r w  i  c  c  4 <->nq r-



Road deicing chem ica l  - 
called supe r io r  to salt
Iowa Department o f  Transporta t ion re­
searchers have deve loped a ac ic ing mate­
r ia l that is less corros ive than salt , effec­
tive at a lower temperature and is not 
harm fu l to the env ironment . I f  it proves 
out in tests th is w in te r ,  the agency expects 
to patent the compound and convince a 
manufacturer in the state to produce it in 
large quantit ies .

The  mater ia l , consist ing o f  sand coated 
with ca lc ium m agne s ium  acetate, was 
developed last mon th  by d o t 's chief 
chemist, W a l la ce  R ipp ic . So fa r the com­
pound has been tremendous ly  expensive 
to produce — S500 a ton compared w ith 
S30 a ton for sa lt ,  according to Char les 
Huisman, a DOT h ighw ay  engineer who 
is heading the rcsea r rh . "B u t  we are 
doing it now w i th  a beaker and a m ix e r  in 
a laboratory,”  he says. Hu isman expects 
that commercia l p roduct ion w i l l  b r in g  the 
cost down con s ide rab ly .

The  m ix tu re  does not corrode steel in 
pavements and s t ru c tu res . H u ism an  says 
that its use cou ld  d o u b le  the l i fe  o f  b r idge 
decks. In  add it ion , it docs not harm  p lants 
or pollute wa te r , he  says, and in fact is 
beneficial to so il . A lso , ind ica tions arc 
that the compound can be fo rmu la ted  to 

. work at tempera tu re s be low 20* F ,  the 
lowest lim it o f s a l t ’s effectiveness. . . . ”  

One d raw back  is that it can cause 
concrete to spa l l s l ig h t ly ,  says H u ism an . 
“ But we don t th in k  it wou ld  be so de tr i­
mental as to p rec lu d e  its use .”  □ ,

I

A LTERN ATE  H IC H W A V  DEJC ING  C H EM ICA LS . EXECUT IVE  
SUM M A RY
A  sea rch  h a s been m ade  fo r ro ad  J c ic in g  ch em ica ls  to  rep lace  so d ium  
ch lo r id e  f f / jC l) .  T h e  im p e iu s  fo r th is  sea rch  s tem s from  the n um ero u s 
d ra w b a c k s  a sso c ia te d  w ith  the p re va len t use o f N xC l  as a road  d e ice r . A lt 
types o f ch em ica l com p o un d s w ere re v iew ed . S e lec tion s w ere m ade on the 
b a s is  o f  c r ite r ia  su c f: as w a te r s o lu b i l i t y  a n d  freez in g  p o in t low e r in g , 
c o rro s io n , lo jt ic ity . r e la t iv e  co s t o r co st p o te n t ia l, e ffect on so ils  an d  p la n ts  
an d  w a te r su p p lie s , f la m m a b i li ty ,  co n cre te  co rr'n ;’t ib i I i t y .  tra c t io n , fr ic t io n , 
h ig hw a y  p e rfo rm an ce , e tc . In fo rm a tio n  w as so u gh t f ir s t in  the lite ra tu re , 
then supp lem en ted  o r v e r if ie d  in the la b o ra to ry  a s needed . T w o  ca n d id a te  
d e ic c  s were fo und  to  be as e ffe c t ive  as so d ium  ch lo r id e . One. methpanoL. 
react', a lm o s t im m e d ia te ly  upon  co n ta c t w ith  sn ow  and  ice b u t is  le ss 
p e rs is ten t th an  N a d .  T he  o th e r c a n d id a te , c a lc im  m agnes ium  ace ta te  
(C M A ) , a c ts  a t a b o u t the sam e ra te  a s N a d  in  the tem pera tu re  ran ge  o f 
com m on  a c t iv i t y  a n d  sh ow s a b o u t the sam e p e rs is ten ce . I t  g ive s risr to  abou t 
the sam e  de sc re a sc s in  co e ff ic ie n ts  o f b ra k in g  tra c t io n  and  sk id d in g  fr ic t io n  
as N a d .  In  s tro n g  c o n tra s t  to  N a d .  C M A  is  a co rro s ion  in h ib ito r , is  
b en e fic ia l to  m o s t s o i ls  a n d  has ~>o p o ten tia l fo r  h a rm in g  d r in k in g  supp lie s . 
T he  u n p u r if ie d  C M A  d e r iv e d  f r rm  so lid  w a s te s , p r im a r ily  c e llu lo se , g ives 
im p ro ved  tra c t io n  a n d  reduce s p ro d u c tio n  co s ts . The m e tho do lo g y  fu r  C M A  
p ro d u c t io n , co s t e v a lu a te d  a b o ve , is  u n so p h is t ic a te d  19th C en tu ry  techno l­
ogy . A p p lic a t io n  o f m o d em  tech n o lo g y  m ay  fu r th e r  low e r p ro d u c tio n  co s ts . ! 
(FHNVA) ;
D u n n . SA  D u n n . A  S ch enk . R U  »  j
D jo rk s tcn  R esea rch  L a b o ra to r ie s . In co rp o ra te d . F ed e ra l H ig hw ay  
A d m in is t r a t io n  Fined 'Apt. FHWA-RD-79-109. M a r . I9S0. 17 p. f
C o n tra c t DO T-FH -11-9100 :i
O r d e x  F k o m : N T I S  I

40 315057



(507) 465-3S00
June 4, 1982

Re: Ice Control Methods
find Materia ls

Honorable C i l l  Ray 
Alaska State Senate 
State Capitol 
Pouch V
Juneau, Alaska 99811 
Dear Senator Ray:
In rep ly  to your April 5 Inquiry , attached is a copy of  my rep ly  to "'t*. R. A. 
Sundy regarding ice contro l methods and materials used in the Juneau area.
For your in formation, I have also attached copies o f some recent a r t ic le s  re­
garding an a lte rn a t iv e  (Calcium Magnesium Acetate (CMA) fo r  s a l t .  Cur own 
DOT&PF Research Section advises that th e ir  e f fo r t s  are being directed to 
studying methods o f  producing CMA from Industria l grade acetic acid and Alaska 
limestone so that an economically feas ib le  process can be developed to pro­
duce CMA in Alaska. The Cantwell area is reported to have a large quantity o f 
the raw m ate ria ls  fo r  CMA. The University of  Alaska is working on our study 
and a summary report o f the work should be ava ilab le  in about three months.

S incere ly ,

Robert Vi. Ward 
Commissioner

. Attachments. _ p'.c: r a tn c k  P. Ryan
John Rates
Larry S u e e t u / ”

PW:PPP:csb
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Hoad deicing chem ica l  
called supe r io r  to salt 

• •
Iowa Department o f  Transporta t ion  re­
searchers have developed a a’cicing mate­
r ia l that is less corros ive than salt , effec­
tive at a lower temperature and is not 
harm fu i to the env ironment. I f  it proves 
out in tests this w in te r ,  the agency expects 
to patent the compound and convince a 
manufacturer in the state to produce it in 
large quantit ies .

'Fne mater ia l , consici :ng o f  sand coated 
with ca lc ium magnes ium  acetate, was 
developed last month by D O T ’s chief 
chemist, W a l la ce  R ipp le .

" !*aW!WflW‘l/UJMSBU, uccording to Char le s 
Huisman , a D O T  h ighw ay  engineer who 
is heading the research . “ But w r  arc 
doing it now w i th  a  beaker and a m ix e r in 
a laboratory,” he says. Hu isman

frW wwHyrcrdog
sa^,

dcc««»af .laJatUQO f te.docs n o t h a rm  p la n j^ , 
a t  p d J ^ v  waicikfc, h<u4»ySf a n d  i a .L o t, is 

Also , indications a rc  
jykifi’imii] I. i.fn<i^j nJK..fnrinL>l.itc«k-t<v
     iW fi *

1 : ctlcehc^
Onc“ 'drawback is that it cancan cause

' T 1

.  concrete to spa ll s l igh t ly ,  says H u ism an . 
“ But we don t th in k  it wou ld  he so de t r i ­
mental as to p rec lude  its u se ." □

f  ' V  I/J-
i A. k -CS/1 tV ?* '

/ e>r^

i

40 3150S7
A L T E R N A T E  H IG H W A Y  D E IC IN G  C H E M IC A L S . E X E C U T IV E  
S U M M A R Y
A s ta r c h  has been m ade fo r road de ic ing  chem ic^ .i to rep lace so d ium  
ch lo r id e  f//aC I). T lie  im pe tu s fo r th is search stem s from  the n um erous 
d ra w b a c k s  a sso c ia te d  w ith  the p reva len t use o l }J.<CI as a road  de tccr . A ll 
typ e s o f ch em ica l com poun d s were ic v iew rd . Selections were m ade on the 
b a s is  o f c n ie r ia  su ch  as w a te r s o lu b ility  and fr re t in g  po in t Inv-cr.ng. 
c o rro s io n , lo s ic i t y .  re la tiv e  co st o r cost p o ien tia l. effect on so ils  an d  p lan ts  
and  w a te r su pp lie s , f lam tn a b ili iy , concre te com p a tib ility , tra c t io n , fr ic t io n , 
h ig hw a y  p e rfo rm an ce , etc . In fo rm a tio n  was sough t f irs t in  the lite ra tu re . 
Ih rn  supp lem en ted  o r  ve r ified  in the la bo ra to ry  as needed. T w o  ca n d id a te  
d r ic e r s  were fo und  to  be as e ffec tive  as sod ium  ch lo rid e . One. m e lh o an o l. 
reac ts a lm o s t im m ed ia te ly  upon con tac t w ith  snow  and ice b u t is  levs 
p e rs is ten t th an  N aC I. The o the r cand ida te , ca lc im  m agnesium  ace ta te  
(C M A ) , a c ts at a b o u t the sam e rate as N aC I in the tem pera tu re ra n g :  o f 
com m on  a c t iv ity  a n d  show s abou t the same persistence. I t  g ives n sc  to  abou t 
the sam e rie screascs in coe ffic ien ts o f b ra lin g  trac tion  and v k iJ dm g  fr ic t io n  
as N a G . In  s tro n g  co n tra s t to N aC I. C M A  is a co rro sion  in h ib ito r , is 
b en e fic ia l to m o st so ils  and has no poten tia l tor harm ing d r in k in g  supp lie s . 
The u n p u n f ic d  C M A  d e r iv ed  from  so l’d w astes, p r im a r ily  c e llu lo se , g ives 
im p ro ved  tra c tio n  a n d  reduces p ro d u c ticn  co sts . The m e thodo logy fo r C M A  
g ro!.;uction . co st e v a lu a te d  above , is un soph istica ted  |9ih C en tu ry  te ch no l­
o gy . A p p lic a t io n  o f m odem  techno logy  in av  fu rthe r low er p ro d u c tio n  co sts . 
(F H W A )
D un n . SA  D u n n , A  Schenk. RU *
D jo rk s tc n  R esea rch  L abo ra to rie s , In co rp o ra ted . Peder-.l H ighw ay  
A dm in is t r a t io n  F in a l R p t. FHW A .RD-79 .I09 , M ar. I9S0. 17 p.
C o n tra c t D O T - F IM  1-9100
O k d c r  F r o m . NTIS
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Snow great for skiing but 
it’s war for these crews

I ly  SCOTT YATKS 
Staff Writer 

W illi nearly loo miles o f roa il to 
dnw in die Fairbanks a rea , (lie 
Tale Department o f Transpnrtn- 
lun ami the e ily 's Public Works 
In rage slim liL'reil m iller the load 
if snow duui|>cd here Monday and 
ITiesdjy.

In addition In llic  DOT'S 12 pieces 
d snow rem ova l equipment, four 
ir iv n lc  g rad e rs  were h ired fo r 
my where (rum  TV) In (mi an hour lo  
le lp  punch ojh'II Hie roads. The 
'i ly , which linsn 'l Id led  aulsldc 
lelp since the w ilcr o f III7U7I, was 
in (lie verge o f employing private 
lelp itself when Hie snow slopped. 
This week's heavy , wet siiuw 

ircscntcd s|H'eial d illieu llies in a 
•ily n e a r  (nmcd tudry, light flakes 
lint blow away in Hie backwash of 
lassing vehicles 
"The wet snow we had Hie oilier 

lay Is (lie absolute w orst," said 
Mm tlui ii, regional d lre rta r id (lie 
lOT's M aln lenanec and Opera 
Inns, lie  said il's heavier In pus) 
md II din's nut east ns w e ll When 
lues move. I I '« more like ly In dam 
ige ob jec ts M id i as malllmxcH 
dung Hie mail.

Speed Is of Hie essence a fte r a 
wel snowfall. Unless II Is plowed 
ca riy , Horn sa id , tra ffic  ear. heat 
(lie snow down Into an almost in- 
penetrable snowpack.

Which loads gel attention firs t 
ore decided by DOT highway su ­
perintendents. Mostly, Horn said, 
II has In do with which roads have 
the most Ira tlic .

Ail port Way heads Hie priority 
lis t for Hie DOT', partly lieeau.se It's 
a m a jo r c ity  thoroughfare and 
pa rtly  because it's  r ig id  outside 
the d e p a r tm en t's  doo r. O ilie r 
roads within that firs t category In­
clude Hie Itichnftlson Highway lo 
Ilic lson , Hie Stccso lo Fox and Hie 
P a r k s  H ig h w a y  h a l fw a y  lo  
Nenana.

College Hoad, Cushman Street, 
Illino is, University Avenue, G rist 
Itoad, Farm ers Loop, Hie Davis 
Itoad area mid C'hcna Hot Springs 
Itoad lir e  In c lu d e d  w l l l i l i i  the 
second priority listing.

Horn Is qu irk In point md that 
l l lr c l i H ill itund, where lie lia s a 
house, is aim ing the St roads w illi 
Hie lowest priorities. " I  can te ll you 
I receive no special Irontm cm ," lie 
said

Bud Welter, assistan t superin­
tendent of Hie Pub lic Works Oar­
age, sa id after a snowfall, the first 
c ity roads lo lie plowed are the one­
way streets downtown: narnelt >, 
Lacey, Noble and Gaffney.

Upon completion, the graders 
are sp lit into two teams, one on 
each side of the rive r. South Cush­
man, Cowles, Lnllirop, 2.1 rd mid 
I7lh avenues ore among (lie secon­
dary p rio rities for (lie c ily . The 
hospital entrance, the f i ic  depart­
ment stations and streets around 
local schools arc a ll areas which 
are cleared e a r ly . '

Some areas like S la lc rv llle , A rc­
tic  Park or Island Homes nre nor­
m a lly  not plowed at a ll, Weber 
sa id . Plowing un Hie such narrow 
streets narrows lliem  even more, 
Weber cxplnlnrd. " It 's  a question 
of putting up with n big windrow or 
fighting Hie snow un the street." 
(iiven (lie amount id snmv that fe ll 
hi Hie last Sturm, Weber decided on 
live h itler.

A lthough (lie DOT In is mure 
.id le s In plow than Hie c ity 1250 
miles In 1:12 m iles). Wither sn lil llie 
sta le  agency has Hie advantage ho- 

(Nit  SAT I lf ,  /Mge 2)
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il'onlim inl hum pngc I I  

cause of it lias a night crew on du ly . 
Weber is alerted lo heavy snuws by 
the |ioliec nr o ilier c ity employees 
who ca ll him nt home.

M o n d a y  m o rn in g  he w a s  
awakened at 3 a.m . mid went into 
the office lo ca ll out mure crews.

Once Die roads a rc punched 
open, "the first lic k ,"  Hum said, 
the real work begins. That includes 
sm ixd liing off Hie snowpack and 
winging hack Hie windrows.

Providing Irnctiun for vehicles 
on h ills  and at intersect ions usually 
begins a fte r Hie snow lia s been 
plowed.

<* The sta le  uses both sa il and sand' 
*' on the roads. Horn explained that 

sa lt is  only effective at p lus 2.1 ;!c-, 
■ j g rccs, s o i l is not used the majority 

of the w ilder. 
l ie  acknuwlcecd Hie corrosive

' c f f r r ls  ol sa il, and said Hint l)fTT~

(.
g :

re sea rche rs a rc  working un an 
iiJ lltn ip liv e  IdTfio lender eTdmiT 
Bull.

Tlie e ily  is also experiiiienllng 
with non loxIciT irm ieals which net 
as an mdi freeze un llie  roadway. 
Those o re on ly  e x p e r im e n ls , 
however, mid Weber said llie e ily 
mostly re lies un spreading d iffe­
rent sizes uf gravel.

A checklist r,l icy spols are com­
piled each day fm dispaleldng the 
c ity 's two sanding trucks.

I 'A I . I . n . l S A N t J I * — A s n o w b lo w e r  f o l lo w e d  b y  n r o a d  s e t  r ip e r  w o r k s  on  T T u in n r  ( I n le  I t o a d  
T 'h u r s d n y  n f t e n io o n ,  s t i l l  c lc a n in i '  n i l  t l i e  sn o w  dnn i| ie d  o n  ( l ie  F a i r b a n k s  a r e a  e a r l i e r  I b i s  
w e e k . S n o w fa l l  w a s  a s  in u e b  n s  o fo o l in  o u t ly in g  b i l l s ,  t . ' l t y  a n d  s l i d e  r o a d  c r o w n  w o r k e d  
f r a n t i c a l l y  lo  f i r s t  o p e n  th e  r o a d s ,  l l i e n  to  c le a r  tb u  s n o w . i.viarrgtiwoto ./ueCeuei.u



Lynn Harnisch 
Staff Engineer 

Planning and Programming 
Interior Region

D A T E .
October 14, 1982

F I L E  N O :

T E L E P H O N E  N O :
479-4231

FROM:
Robert R. Vcnusti 
Director

Planning and Programming 

Interior Region

SUBJECT:
Dalton Highway 

Evaluation

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 this effort 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 o f  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 
PHONE: (907) 452-1911MAINTENANCE AND OPERATIONS, INTERIOR REGION

March 25, 1983

Ms. Denise Zachery 

c/o 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 ■•'.i 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



A P R O C E S S  D E S I G N ,  B E N C H  S C A L E  P I L O T  P L A N T  A N D  

W I D E  F I E L D  A P P L I C A T I O N S  O F  C A L C I U M  A C E T A T E

A N  I N T E R I M  R E P O R T  

b y

M i c h a e l  J. E c o n o m i d e s  

R u s s e l l  D. O s t e r m a n n  

B e r t r a n d  T h e u v e n y  

A n d r e w  H. T h o m a s

D e p a r t m e n t  o f  P e t r o l e u m  E n g i n e e r i n g  

U n i v e r s i t y  o f  A l a s k a  

F a i r b a n k s ,  A l a s k a  9 9 7 0 1

M A R C H ,  1 9 8 3

P r e p a r e d  f o r :

S T A T E  O F  A L A S K A  

D E P A R T M E N T  O F  T R A N S P O R T A T I O N  A N D  P U B L I C  F A C I L I T I E S  

D I V I S I O N  O F  P L A N N I N G  A N D  P R O G R A M M I N G  

R E S E A R C H  S E C T I O N  

2 3 0 1  P e g e r  R o a d  

F a i r b a n k s ,  A l a s k a  9 9 7 0 1

T h e  c o n t e n t s  o f  t h i s  r e p o r t  r e f l e c t  t h e  v i e w s  o f  t h e  a u t h o r s  w h o  

a r e  r e s p o n s i b l e  f o r  t h e  f a c t s  a n d  t h e  a c c u r a c y  o f  t h e  d a t a  

p r e s e n t e d  h e r e i n .  T h e  c o n t e n t s  d o  n o t  n e c e s s a r i l y  r e f l e c t  t h e  

o f f i c i a l  v i e w s  o r  p o l i c i e - j  o f  t h e  A l a s k a  D e p a r t m e n t  o f  

T r a n s p o r t a t i o n  a n d  P u b l i c  F a c i l i t i e s .  T h i -  r e p o r t  d o e 3  n o t  

c o n s t i t u e  a s t a n d a r d ,  s p e c i f i c a t i o n  o r  r e g u l a t i o n .



I N T R O D U C T I O N

T h i s  p r o j e c t  i s  a c o n t i n u a t i o n  o f  t h e  p r e v i o u s l y  f u n d e d  

" P r e l i m i n a r y  D e s i g n  a n d  F e a s i b i l i t y  S t u d y  f o r  a C a 1 c i u r n - M a g n e s i u r a  

A c e t a t e  U n i t "  ( R e f e r e n c e  P r o j e c t  F 1 5 6 3 1 - C M A ) .

C a l c i u m - M a g n e s i u m  A c e t a t e  ( C M A )  e x h i b i t s  e x c e l l e n t  d e - i c i n g  

c h a r a c t e r i s t i c s ,  y e t  is n o n - c o r r o s i v e ,  a n d  n o t  h a r m f u l  to 

p l a n t s .  I n  o u r  p r e v i o u s  w o r k ,  a p r o c e s s  c o n c e p t  w a s  d e v e l o p e d  

f o r  t h e  p r o d u c t i o n  o f  C M A  f r o m  n a t i v e  A l a s k a n  l i m e s t o n e  a n d  

a c e t i c  a c i d ,  b a s e d  o n  l a b o r a t o r y  s c a l e  r e a c t i o n  e x p e r i m e n t s .  T h’e^

, next--logical""strip 'in t?h'e ~a e v e 1 opraeffE“proce s.- s w us the construction^
I a n d  operaVfon oT~'a'’smaTT scaTfe*'"pilot ’̂ pl'arit'-'to gather specific *7

. . . . .  • » u

p r o c e s s -  data'-n:e'c'e'SS'ary f o r  a f u l l - s c a l e  p r o c e s s  d e s i g n i  T h a t  is 

t h e  s u b j e c t  o f  t h e  c u r r e n t  p r o j e c t .

In a d d i t i o n  to o u r  d e s i g n  w o r k ,  w e  u n d e r t o o k  to p r o d u c e  

a b o u t  5 0 0  g a l l o n s  o f  C M A  s o l u t i o n  f r o m  a b a t c h  p r o c e s s  b a s e d  o n  

o u r  l i m i t e d  l a b o r a t o r y  s t u d i e s .  T h i s  i n t e r i m  r e p o r t  g i v e s  a 

b r i e f  s u m m a r y  o f  o u r  p r o g r e s s .

T h e  nex't" sTtlfp ~Tn""t’K’e ^ T e v e  1 0 p m e n t  p r o c e s s  w i l l  b e  t h e  d e s i g n ^
t i t  n* 1 fk* ?•}•» • , - ^-rr|) l t l< l|n  | ' m2 j •* ' *♦ • •• . -N **-»►.■*«.••• •»■*.

c6“flT9't''fuc t i o n  a n d  o p e r a t i o n  o f  a d e m o n s t r a t i o n  p l a n t  to s e r v e  t h e  1

d u S ' l ^ ^ T i r p o s e  ‘ o f  p r o v i n g  t h e  v i a b i l i t y  o f  t h e  p r o c e s s > ^ ^ i F ' ^ i r d ^
« 1 • - ................. . / . • .  /

-  *' "" **’.•*    1 '*
p r o v T d e  e n o u g h  C M A  f o r  f i e l d  t e s t s !  It s h o u l d  b e  n o t e  t h a t

m. -u*» -i * * I1 *»•*.. ■ *...*••< •  *•«•/. -*1. v. *■‘
^ ‘owTTelre ‘̂T s ^ ’̂" C T ^ T ^ ' T n a n u f  a c  tu r e d  i n  b u l k  and",’ t h e r e f o r e ,  is ■

wii d , L-ri tit - -•>,"• - • v .*#
u n a v a i l a b l e  in: t h e  a m o u n t s  n e c e s s a r y  f o r  w i d e - s c a l e  t e s t i n g . ;  A
.v   : —  •••*— — —  — ••••<*••— ...«— •  . .    . . •*



p r o p o s a l  h a s  b e e n  s u b m i t t e d  to t h e  S t a t e  o f  A l a s k a  t h r o u g h  t h e  

F a i r b a n k s  N o r t h  S t a r  B o r o u g h .  A p p r o v a l  is p e n d i n g .

I t  h a s  r e c e n t l y  b e e n  s u g g e s t e d  t h a t  C M A  m a y  b e  u s e f u l  a s  a 

d u s t - c o n t r o l  a g e n t  a s  w e l l  a s  a d e - i c i n g  a g e n t ,  h o w e v e r ,  t h i s  h a s  

n o t  p r e s e n t l y  b e e n  v e r i f i e d .  W e  h a v e  d e s i g n e d  a s e t  o f  

e x p e r i m e n t s  to t e s t  t h e  u t i l i t y  o f  C M A  i n  d u s t  c o n t r o l ,  b u t  

e x p e c t  t h a t  a r o a d  t e s t  w i l l  b e  r e q u i r e d  f o r  p o s i t i v e  

d e t e r m i n a t i o n .  F u n d s  a r e  c u r r e n t l y  b e i n g  s o u g h t  f o r  t h i s  

r e s e a r c h .

B A C K G R O U N D

R o a d  a n d  r u n w a y  d e - i c i n g  a r e  s e r i o u s  p r o b l e m s  i n  t h e  

n o r t h e r n  l a t i t u d e s .  T h e  p r o b l e m  is m o s t  p r o n o u n c e d  i n  t h e  

c o a s t a l  r e g i o n s  o f  A l a s k a  w h e r e  f r e e z e - t h a w  c y c l e s  o c c u r  s e v e r a l  

t i m e s  d u r i n g  t h e  w i n t e r .  S o d i u m  c h l o r i d e  ( s a l t )  a n d  c a l c i u m  

c h l o r i d e  h a v e  b e e n  u s e d  f o r  m a n y  y e a r s  a s  d e - i c i n g  a g e n t s ,  

h o w e v e r ,  t h e s e  m a t e r i a l s  a r e  h i g h l y  c o r r o s i v e  t o  a u t o m o b i l e s ,  

a i r p l a n e s  a n d  r o a d w a y  b r i d g e  s t r u c t u r e s .

R e c e n t l y ,  s e v e r a l  s a l t - d a m a g e d  b r i d g e  s t r u c t u r e s  w e r e  

r e p l a c e d  in F a i r b a n k s  a t  a c o s t  o f  o v e r  $ 6 0 0 , 0 0 0 .  T h e  c o s t  o f



s a l t - r e l a t e d  d a m a g e  to b r i d g e s  i n  t h e  A n c h o r a g e  a n d  J u n e a u  a r e a s  

w h e r e  s a l t  i s  u s e d  m o r e  f r e q u e n t l y  a r e  c o r r e s p o n d i n g l y  h i g h e r .

F u r t h e r m o r e ,  r o a d  s a l t s  a r e  i n j u r i o u s  to m o s t  f o r m s  o f  p l a n t  

l i f e .  I n  t h e  s p r i n g ,  a d r i v e  a l o n g  h e a v i l y  s a l t e d  r o a d w a y s  i n  

A n c h o r a g e  r e v e a l s  a v i r t u a l  m o o n s c a p e  w i t h  d e a d  o r  s t u n t e d  

p l a n t s .  T h e  s u c c e s s  o f  o n g o i n g  r o a d w a y  b e a u t i f i c a t i o n  p r o j e c t s  

i n  A n c h o r a g e  a n d  F a i r b a n k s  w i l l  b e  q u e s t i o n a b l e  w i t h  t h e  

c o n t i n u e d  u s e  o f  r o a d  s a l t s .

I n  a r e p o r t  e n t i t l e d  " A l t e r n a t e  H i g h w a y  D e - I c i n g  C h e m i c a l s "  

p u b l i s h e d  b y  t h e  B j o r k s t e n  R e s e a r c h  L a b o r a t o r i e s ,  a m i x t u r e  o f  

c a l c i u m  a n d  m a g n e s i u m  a c e t a t e  ( C M A )  w a a  i d e n t i f i e d  a s  a n  

e f f e c t i v e ,  n o n - c o r r o 3 1 v e , d e - i c i n g  c o m p o u n d .  I n  t h e  s o l i d  f o r m ,  

C M A  i s  a w h i t e  p o w d e r  r e s e m b l i n g  p o w d e r e d  s u g a r .  If c a n  b e  

a p p l i e d  a s  a s o l i d  o r  i n  a s a t u r a t e d  s o l u t i o n .  T h e  e f f e c t i v e  

t e m p e r a t u r e  r a n g e  i3 a b o u t  t h e  s a m e  a s  c o m m o n  r o a d  s a l t .  In 

c o n t r a s t  to s a l t s ,  h o w e v e r ,  C M A  1 3  n o n - c o r r o s i v e , '  n o t  h a r m f u l  to* 

p l a n t  l i f e ,  a n d  h a s  n o  p o t e n t i a l  to h a r m  d r i n k i n g  w a t e r  s u p p l i e s ^

In p r e v i o u s  w o r k  a t  t h e  U n i v e r s i t y  o f  A l a s k a ,  f u n d e d  b y  t h e  

S t a t e  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  ( D O T ) ,  w e  h a v e  d e m o n s t r a t e d  

t h a t  C M A  c a n  b e  p r o d u c e d  f r o m  l i m e s t o n e ,  w a t e r ,  a n d  a c e t i c  

a c i d -  T h e  p r e l i m i n a r y  r e p o r t  o f  o u r  r e a c t i o n  s t u d i e s  h i s  b e e n  

p r e s e n t e d  i n  a p r e v i o u s  r e p o r t  to t h e  S t a t e  D O T .  T h i s  f u n d i n g  is 

o f  s i g n i f i c a n c e ,  s i n c e  l i m e s t o n e  is r e a d i l y  a v a i l a b l e  in 

A l a s k a .  A c e t i c  a c i d  m u s t  c u r r e n t l y  b e  " i m p o r t e d "  f r o m  t h e  " l o w e r



4 5 " ,  b u t  c o u l d  b e  p r o d u c e d  l o c a l l y  f r o m  r e f i n e r y  b y - p r o d u c t s  i f  a 

m a r k e t  w e r e  a v a i l a b l e .

•( J

I n  s i m p l e  t e r m s ,  C M A  i s  t h e  r e a c t i o n  p r o d u c t  o f  t h e  

d i s s o l u t i o n  o f  l i m e s t o n e  i n  a c e t i c  a c i d  a n d  w a t e r .

C a C O ,  + 2 C H ^  C O O H  -> C a ( C H 2 C 0 0 H ) 2 + H 2 0 + C 0 2

T h e  d i s s o l u t i o n  p r o c e s s ,  i s  s l i g h t l y  e x o t h e r m i c  ( g i v e s  o f f  h e a t )  

a n d  p r o d u c e s  c o n s i d e r a b l e  a m o u n t s  o f  C C ^ .  T h e  r e s u l t i n g  s o l u t i o n  

r e m a i n s  a c e d i c ,  a n d  m u s t  b e  n e u t r a l i z e d  w i t h  s o d i u m  o r  c a l c i u m  

h y d r o x i d e .

L i m e s t o n e  is c o m p o s e d  o f  c a l c i u m  a n d  m a g n e s i u m  c a r b o n a t e s  i n  

v a r y i n g  a m o u n t s .  P u r e  m a g n e s i u m  a c e t a t e ,  w h i c h  c o u l d  b e  p r o d u c e d  

f r o m  p u r e  m a g n e s i u m  c a r b o n a t e ,  is s u p e r i o r  to c a l c i u m  a c e t a t e .  

D o l o m i t e s  c o n t a i n  r e l a t i v e l y  l a r g e r  a m o u n t s  o f  m a g n e s i u m  c a r b o n t e  

a n d  c a n  a p p r o a c h  5 0 %  i n  c o m p o s i t i o n .  U n f o r t u n a t e l y ,  t h e  b e n e f i t s  

o f  a 5 0 - 5 0  m i x t u r e  o v e r  p u r e  c a l c i u m  a c e t a t e  a r e  n o t  v t r y  

s i g n i f i c a n t .  T h e r e f o r e ,  i t  i s  m o s t  a p p r o p r i a t e  to u s e  r e a d i l y  

a v a i l a b l e  l i m e s t o n e  r e g a r d l e s s  o f  t h e  m a g n e s i u m  c a r b o n a t e  

c o n t e n t .



P I L O T  P L A N T  S T U D I E S

U n f o r t u n a t e l y ,  w e  h a v e  m e t  w i t h  s e v e r a l  d e l a y s  i n  t h e  

c o n s t r u c t i o n  a n d  o p e r a t i o n  o f  o u r  p i l o t  p l a n t  u n i t .  T h e  r e a c t i o n  

a s s e m b l y  i s  i n  p l a c e ,  b u t  t h e  n e c e s s a r y  f u m e  v e n t s  h a v e  n o t  y e t  

b e e n  i n s t a l l e d .  T h i s  d e l a y  i s  d u e  t o  l o c a l  c o n s t r u c t l ' n  b a c k l o g s  

a:.d w a s  b e y o n d  o u r  c o n t r o l .  H o w e v e r ,  i t  w o u l d  a p p e a r  t h a t  t h e  

f u m e  h o o d s  w i l l  b e  i n s t a l l e d  s h o r t l y  a n d  w e  c a n  b e g i n  o p e r a t i o n .

B A T C H  S T U D I E S

D u e  to t h e  l a c k  o f  a v a i l a b i l i t y  o f  t h e  p i l o t  p l a n t ,  w e  

c o n c e n t r a t e d  o u r  e f f o r t s  o n  t h e  b a t c h  p r o d u c t i o n  o f  C M A  f o r  r o a d  

t e s t s .  N u m e r o u s  d i f f i c u l t i e s  w e r e  e n c o u n t e r e d  i n  t h e  c o n d u c t i o n  

o f  t h e  r e a c t i o n s ;  m a n y  m o r e  t h a n  a n t i c i p a t e d .  H o w e v e r ,  a f t e r  

m u c h  e x p e r i m e n t a t i o n ,  w e  h a v e  a r r i v e d  a t  a n  a c c e p t a b l e  p r o c e s s  

s c h e m e .  I n  t h i s  m a n n e r ,  t h e  b a t c h  s t u d i e s  h a v e  f u l f i l l e d  ( a t  

l e a s t  q u a l i t a t i v e l y )  p a r t  o f  t h e  g o a l  o f  t h e  p i l o t  p l a n t  

s t u d i e s .



T h e  p r o c e d u r e  w e  s e t t l e d  o n  f o r  C M A  p r o d u c t i o n  i s  o u t l i n e d  

b e l o w .  It s h o u l d  b e  e m p h a s i z e d  t h a t  t h i s  i s  b y  n o  m e a n s  

f i n a l i z e d ;  i t  is m e r e l y  a p r o c e d u r e  t h a t  w o r k s .

O u r  r e a c t o r  f o r  u s e  i n  t h e s e  e x p e r i m e n t s  w a s  a 5 5  g a l l o n  

p i e s t i c  d r u m  e q u i p p e d  w i t h  a l a r g e  a g i t a t o r .  I n  o u r  i n i t i a l  

s + i d i e s ,  t h e  a g i t a t o r  w a s  r e p l a c e d  b y  a s m a l l  c i r c u l a t i n g  p u m p .  

T h i s  w a s  f o u n d  t o  b e  t o t a l l y  i n a d e q u a t e .  A h i g h  d e g r e e  o f  

a g i n a t i o n  i s  r e q u i r e d  t o  k e e p  t h e  c a r b o n a t e  p a r t i c l e s  s u s p e n d e d  

i n  t h e  r e a c t i n g  l i q u i d .

F o a m i n g  w a s  a n o t h e r  p r o b l e m  o f  c r i t i c a l  s e v e r i t y .  U n l e s s  

t h e  r e a c t i o n  w a s  c o n d u c t e d  a t  a m o d e r a t e l y  c o n t r o l l e d  rat;-., a 

v e r y  s t a b l e  f o a m  f o r m s ,  n e c e s s i t a t i n g  r e m o v a l .

B A T C H  P R O D U C T I O N  O F  C M A

M A T E R I A L S : 2 0 $ ( w t )  a c e t i c  c i d  ( p u r e )

2 0 $  l i m e s t o n e  ( c r u s h e d )

6 0 $  w a t e r



P R O C E v '

1. M i x  t h e  w a t e r  a n d  a c i d  i n  t h e  d r u m ;

2. I n t r o d u c e  t h e  l i m e s t o n e  s l o w l y  to a v o i d  f o a m i n g ;

3. S t i r  f o r  a b o u t  1 d a y ;

4. L e t  s t a n d  ( t o  s e t t l e )  f o r  s e v e r a l  d a y s ;

5* R e m o v e  t h e  l i q u i d  ar;-.' p l a c e  i n  a s e c o n d  d r u m ;

6. R e c y c l e  t h e  s o l i d  m» s e r i a l  s e t t l e d  f r o m  t h e  d r u m s ;

7. A d d  N a O H  s o l u t i o n  ( s b o u t  30 - 505$ N a O H / w a t e r )  ;

8. C o n t i n u e  to a d d  N a O H  s o l u t i o n  u n t ’ , p H  = 7 ( I t  m a y  b e

n e c e s s a r y  to a d d  w a t e r  i f  a p r e c i p i t a t e  f o r m s .  T h i s

m e r e l y  m e a n s  t h a t  t h e  s o l u t i o n  i s  o v e r s a t u r a t e d  w i t h

C M A )  ;

9* C M A  i s  r e a d y  to u s e . .

D I S C U S S I O N :

T h e  n e u t r a l i z a t i o n  r e a c t i o n  is d i f f i c u l t  to c o n t r o l  s i n c e  

N a A c  f o r m s  a b u f f e r  s o l u t i o n .  I n  p r a c t i c e ,  i t  m a y  n o t  b e

p o s s i b l e  to o b t a i n  a p H  o f  7. A t y p i c a l  n e u t r a l i z a t i o n  is

p l o t t e d  i n  F i g u r e  1.

A s  c s n  b e  s e e n  i n  F i g u r e  1, i ; w a s  n e c e s s a r y  to a d d  w a t e r  a t  

p o i n t s  (l) a n d  (2) t o  r e d i s s o l v e  C M A  w h i c h  h a d  p r e c i p i t a t e d  o u t



o f  s o l u t i o n .  W i t h  p r a c t i c e ,  t h e  c o r r e c t  a m o u n t  o f  w a t e r  c o u l d  

i n i t i a l l y  b e  a d d e d  to a v o i d  t h i s  p r o b l e m .

I n  g e n e r a l ,  i t  i s  u n d e s i r a b l e  to a l l o w  C M A  to p r e c i p i t a t e  

b e c a u s e  i t  t e n d s  t o  f o r m  a g e l - l i k e  s o l u t i o n  w h i c h  i s  d i f f i c u l t  

t o  s t i r  a n d  to r e d i s s o l v e .  S e l e c t i n g  t h e  r i g h t  a m o u n t  o f  w a t e r  

t o  a d d  w i t h  t h e  N a O H  w i l l  d e p e n d  o n  t h e  l i m e s t o n e  p u r i t y .  H e n c e ,  

i t  is p o s s i b l e  t o  d e t e r m i n e  o n l y  a n  a p p r o x i m a t e  r a n g e  f o r  

a p p l i c a t i o n .

F i g u r e  2 s h o w s  a p l o t  o f  p H  v e r s u s  v o l u m e  N a O H  s o l u t i o n  

a d d e d .  I n  t h i s  f o r m a t ,  t h e  a d d e d  w a t e r  c o r r e c t i o n  d o e s  n o t  

a p p e a r  a n d  a m o r e  " n o r m a l "  n e u t r a l i z a t i o n  c u r v e  is o b t a i n e d .

T o  f u r t h e r  c o m p l i c a t e  n e u t r a l i z a t i o n ,  t h e  reac t i o n  i 3  n o t  

i n s t a n t a n e o u s .  F i g u r e  3 s h o w s  t h e  r e s p o n s e  o f  p H  w i t h  t i m e  

f o l l o w i n g  t h e  a d d i t o n  o f  N a O H .  A b o u t  5 m i n u t e s  w i l l  e l a p s e  

b e t w e e n  t h e  t i m e  o f  t h e  N a O H  a d d i t i o n  a n d  t h e  f i n a l  p H .

T h e  r e a c t i o n  r a t e  f o r  t h i s  p r o c e s s  c a n  b e  m o n i t o r e d  b y  

m e a s u r i n g  t h e  C 0 2 e v o l u t i o n .  I n  g e n e r a l ,  t h e  d i s s o l u t i o n  o f  1 

m o l e  o f  CaCO-j r e l e a s e s  1 m o l e  o f  C 0 2 *  F i g u r e  4 s h o w s  a p l o t  o f  

r e a c t i o n  r a t e  v e r s u s  tim< m e a s u r e d  i n  t h i s  m a n n e r .  A s  is 

e v i d e n t ,  t h e  r e a c t i o n  r a t e  d e c l i n e s  r a p i d l y ,  d r o p p i n g  o v e r  3 

o r d e r s  o f  m a g n i t u d e  i n  t h e  f i r s t  s e v e r a l  h o u r s .  F i g u r e  5 s h o w s  a 

p l o t  o f  c u m u l a t i v e  C 0 2 p r o d u c t i o n  v e r s u s  t i m e .  I t  i 3  e v i d e n t  

t h a t  l o n g  r e a c t i o n  t i m e s  o n  t h e  o r d e r  o f  s e v e r a l  d a y s  a r e



r e q u i r e d .  T h i s  b e h a v i o r  i s  t y p i c a l  o f  b a t c h  r e a c t i o n s .  T h e  

r e a c t i o n  t i m e  c a n  b e  s h o r t e n e d  b y  u s i n g  c o n t i n u o u s  r e a c t i o n  

e q u i p m e n t ,  w h i c h  m a i n t a i n s  c o n c e n t r a t i o n s  i n  t h e  f i r s t  r e a c t i o n





Titration of an Unknown Solution of CMA
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FOREWORD

Fundamental regard for winter time driving safety has resulted in an 

extensive and continuing application of NaCI and CaCl 2 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 usage at 

approximately 10-15 times that of the salt product itself. Tne public’s 

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 N^Cl und CaC1^ * CMA provides an ice 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 

1 ife.

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

carbonate (limestone) as indicated below:

CaC0 3 + 2CH3 C00H-*Ca(CH2 C00H) + H20 + C0 2

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 in 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 initiated 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 imal 1 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 CaC 12 

used by the Alaska DOTPF of almost S650 per ton (F.O.B. Fairbanks), 

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

An interesting point is emphasized by the authors regarding potential 

economic ramifications of Alaskan CMA. It is reasonable to expect that 

petroleum derived, low grade, low 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 S I .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 in Alaska. In view of the 

promising nature of this report's findings, work is 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 Faci1ities



ABSTRACT

T h e  a d v e r s e  e n v i r o n m e n t a l  e f f e c t s  a n d  c o r r o s i o n  p r o b l e m s  a s s o c i a t e d  w i t h  

the u s e  o f  c h l o r i d e  s a l t s  a s  d e - i c i n g  a g e n t s  h a v e  p r o m p t e d  a s e a r c h  f or a l t e r n a­

tiv e  d e - i c i n g  c o m p o u n d s .  C a l c i u m  a n d  M a g n e s i u m  A c e t a t e s  (CMA) e x h i b i t  e x c e l l e n t  

d e - i c i n g  c h a r a c t e r i s t i c s  y e t  a r e  n o t  c o r r o s i v e  o r  h a r m f u l  to the e n v i r o n m e n t .

A  v i a b l e  p r o c e s s  d e s i g n  f o r  t h e  p r o d u c t i o n  of  C M A  h a s  b e e n  d e v e l o p e d  b a s e d  

o n  the r e s u l t s  of a s e r i e s  o f  k i n e t i c  r e a c t i o n  e x p e r i m e n t s  c o n d u c t e d  a t  the 

U n i v e r s i t y  o f  A l a s k a .  A c e t i c  a c i d  a n d  n a t i v e  A l a s k a n  l i m e s t o n e s  w e r e  u s e d  as  

the r a w  m a t e r i a l s .  A n  e c o n o m i c  e v a l u a t i o n  o f  t he p r o c e s s  i n d i c a t e s  a s e l l i n g  

p r i c e  o f  l e s s  t h a n  $ 6 0 0 / t o n  o f  s o l i d  CMA, b a s e d  o n  the p r o d u c t i o n  o f  a s a t u r a t e d ,  

a q u e o u s  C M A  s o l u t i o n  in s m a l l  s c a l e  f a c i l i t i e s  ( 1 0 , ^ 0 0  - 5 0 , 0 0 0  g a l l o n s / d a y ) .

A t  the u p p e r  r a n g e  of p r o d u c t i o n  r a t e s  s t u d i e d  ( 5 0 , 0 u 0  G PD) a n d  for a n  a c e t i c  

a c i d  c o s t  o f  $ 1 . 2 5 / g a l l o n ,  t he c a l c u l a t e d  C M A  p r i c e  w a s  $ 2 9 0 / ton o f  s o l i d .  T h i s  

r e p r e s e n t s  a m i n i m u m  p r i c e  a n d  is a t t r a c t i v e  w h e n  c o m p a r e d  w i t h  Che c o s t  o', o t h e r  

d e - i c i n g  c o m p o u n d s .

T h e  r e s u l t s  o f  t h i s  c o o p e r a t i v e  p r o j e c t  b e t w e e n  the P e t r o l e u m  e n g i n e e r i n g  

D e p a r t m e n t  at t he U n i v e r s i t y  of  A l a s k a ,  F a i r b a n k s  a n d  the S t a t e  D X . T .  a r e  h i g h l y  

e n c o u r a g i n g .  W i t h  the u s e  o f  n a t i v e  A l a s k a n  l i m e s t o n e  a n d  a c e t i c  a c i d ,  the 

p r o c e s s  e c o n o m i c s  p o i n t  t o w a r d  a h i g h  q u a l i t y ,  c o m p e t i t i v e l y  p r i c e d  p r o d u c t .  T h e  

e n v i r o n m e n t a l  a d v a n t a g e s  of  C M A  o v e r  c h l o r i d e  s a l t s  a n d  r e d u c e d  s e c o n d a r y  c o s t s  

d u e  to l o w e r  c o r r o s i o n  r a t e s  f or v e h i c l e s  a n d  b r i d g e s  i n d i c a t e  cha t  C M A  m a y  b e­

c o m e  t he p r e m i e r  d e - i c i n g  a g e n t .

(1)



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, Inc. 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, 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 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.

m



REACTION EXPERIMENTS

C a l c i u m  a c e t a t e  is f o r m e d  by t h e  d i s s o l u t i o n  o f  c a l c i u m  carbon.'te in  a n  

a c e t i c  a c i d  s o l u t i o n .  W a t e r  a n d  c a r b o n  d i o x i d e  a r e  b y p r o d u c t s .  T h e  s t o i c h i o m e t r i c  

e q u a t i o n  is g i v e n  b e l o w :

C a C 0 3 +  2 C H 3 C O O H  - +  C a ( C H 9 C 0 0 H ) 9 +  H 20  +  C 0 0

( l O O g . )  ( 1 2 0 g . ) ( 1 5 8 g . ) ( 1 8 g . ) (44g.)

T h e  r e a c t i o n  is s l i g h t l y  e x o t h e r m i c  ( A H r° = " 4 . 6 k c a l / g m o l .). T h e  s o l u b i l i t y  l i m i t  

of  C a A c  ( c a l c i u m  a c e t a t e )  is 2 8 %  b y  w e i g h t .  H e n c e ,  if a s a t u r a t e d  s o l u t i o n  of  

C a A c  is d e s i r e d ,  a s i m p l e  m a t e r i a l  b a l a n c e  i n d i c a t e s  a w a t e r  r e q u i r e m e n t  of  3 3 8  g.

H.jO/lOOg C a C 0 3 -

A  s e r i e s  of e x p e r i m e n t s  w a s  u n d e r t a k e n  to d e f i n e  tlie p r o c e s s  k i n e t i c s  a n d  

u l t i m a t e  d e g r e e  o f  c o m p l e t i o n  f u n c t i o n s  of t h e  r e a c t i o n  t e m p e r a t u r e ,  r e a c t a n t  

c o n c e n t r a t i o n s ,  a n d  e x t e n t  of  p a r t i c l e  s i z e  r e d u c t i o n  for the c a l c i u m  c a r b o n a t e .  

A l a s k a n  l i m e s t o n e  d e l i v e r e d  f r o m  a q u a r r y  n e a r  L i v e n g o o d ,  A l a s k a ,  a n d  l a b o r a t o r y  

a c e t i c  a c i d  w e r e  u s e d  a s  r e a c t a n t s .

T h e  r e a c t i o n  b e h a v i o r  o f  l i m e s t o n e  a n d  a c e t i c  a c i d  is r e p o r t e d  in F i g u r e  1.

T h e  r e a c t i o n s  w e r e  c o n d u c t e d  in  a s i m p l e  s t i r r e d  t a n k  r e a c t o r .  At  a g i v e n  r e s i­

d e n c e  t i me, t h e r e  w a s  n o  d i s c e r n i b l e  d i f f e r e n c e  b e t w e e n  the v a r i o u s  w a t e r  to 

l i m e s t o n e  r a t i o s ,  as l o n g  as  e n o u g h  w a t e r  w a s  p r e s e n t  to p r o v i d e  a n  u n s a t u r a t e d  

s o l u t i o n  of  c a l c i u m  a c e t a t e  at th e  c o n c l u s i o n  o f  t h e  r e a c t i o n .  T h i s  m i n i m u m  

r a t i o  o f  4 to 1 o n  a m a s s  b a s i s  p r o v e d  i n h i b i t i n g  at h i g h  a c e t i c  a c i d  e x c e s s .

T h i s  r e s u l t  is to be e x p e c t e d  s i n c e  the r e a c t i o n  is b a s e d  o n  the d i s s o c i a t i o n  of 

a c e t i c  a c i d  A n  i n s u f f i c i e n t  a m o u n t  of w a t e r  r e s u l t s  in i n a d e q u a t e  d i s s o c i a t i o n  

o f  a c e t i c  a c i d .

S i n c e  v a r i o u s  w a t e r  t-j l i m e s t o n e  r a t i o s  a b o v e  5 : 1  (for b r e v i t y  n ot a l l  

r e s u l t s  a r e  p l o t t e d  on  F i g u r e  1.) d i d  n o t  e x h i b i t  a n y  d i s c e r n i b l e  d i f f e r e n c e  in 

the r e a c t i o n  c o m p l e t i o n  r a t e ,  the e n t i r e  s u b s e q u e n t  s e t  o f  e x p e r i m e n t s  w a s  d o n e  

at a 5 : 1  w e i g h t  r a t i o  o f  w a t e r  to l i m e s t o n e .

A  s i g n i f i c a n t  c o n c l u s i o n  c a n  be d r a w n  f r o m  t he a b o v e .  T h e  q u a l i t y  o f  the 

a c e t i c  a c i d  d o e s  n o t  h a v e  to b e  h i g h l y  r e f i n e d .  I n d u s t r i a l  g r a d e  a c e t i c  a c i d  

( 9 5 %  p u r i t y )  w h i c h  is s i g n i f i c a n t l y  l e s s  e x p e n s i v e  t h a n  r e a g e n t  g r a d e ,  c a n  be

(4)
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used since it will have to be diluted to 50% in any event.

There is 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 is 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 £auge 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.

N e u t r a l i z a t i o n  of  a c e t i c  a c i d  by N a O H  c a n  be c o n s i d e r e d .  H o w e v e r ,  a f u r t h e r  

e c o n o m i c  e v a l u a t i o n  m a y  p o i n t  t o w a r d  a n  a s s o c i a t e d  a c i d  r e c o v e r y  u n i t .  A n  

e x t r a c t i o n  s t e p  u s i n g  a n  a p p r o p r i a t e  s o l v e n t ,  f o l l o w e d  by  a d i s t i l l a t i o n  s t e p  

m a y  b e  i n d i c a t e d .

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 j. ■> ? 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 analysis can be completes on the basis

of a preliminary design. This is common practice in 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 CM a  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 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 the mixture of unspent 

acetic acid and unreacted limestone and extraneous inert material is 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

(11)
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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. T he 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 is

also included.

Filter Press Cost ---- $28,000.00

6. Front End Loader: A front end loa ier with at' 18 cu.ft. capacity is 

r e q u i r e d .

Front End Loader Cost ---- $27,000.00

A summary of the major capital equipment costs for the plant is listed in 

Table 1. In addition, a 10% contingency has been added on giving a total major 

capital cost of $30 0 , 0 0 0 . 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

REACTORS (!) -------------------------------------------------------------------------  110,000

PACKAGED BOILER ------------------   24,000

STORAGE TANKS -------------------------------------------------------------------------  70,000

FRONT. END L O A D E R -----------------------------------    27,000

Subtotal ---------------------------- $273,000

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

TO T A L  M A J O R  CAPITAL EQUIPMENT ---------------------------  $300,000

TABLE 2 

ADDITIONAL PLANT COSTS

INSTRUMENTATION ( 67 of Major Capital Equipment (MCE)) --------------------  $ 18,000

INSTALLATION \30% of MCE) ------------------------------------------------------  90,000

PIPING ( 7% of MCE) ------------------------------------------------------  21,000

ELECTRICAL ( 5% of MCE) -------------------------   15,000

INDIRECT COSTS (15% of MCE) ------------------------------------------------------  45,000

Subtotal  --------------------------  $189,000

M C E ----------------------------------  300,000

TOTAL CAPITAL INVESTMENT ---------------------------------  $489,000

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

M A J O R  CAPITAL EQUIPMENT COSTS

CRUSHER --------------------------------------------------------------------------------- $ 14,000

TOTAL INVESTMENT --------------------------------------------  $538,000

(14)



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(l-T)

G(l-T)

where;

P = price of solution ($/gallon)

C» ° 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)

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 / g a l l o n ) . It is apparent that 

a m i n imum 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 in the purification stage taking the acid from 50% to purities in excess 

of 90%. Hence, if 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 j - w  as $1 per gallon.

Even utilizing imported acetic acid, the price of $500 per con of solid CMA 

may not be excessive. CMA is 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.

( 18 )



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, NaCI and CMA) at 

different percentage solutions. The results seen in the accompanying figures 

represent the average readings gathered over three test runs. The ideal de-icing 

salt is obviously a concentrated solution (27% by wt.) of M g A c . 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 1imit for MgAc. Figures 10 and 11 contain the eutectic 

characteristics of CaAc and MgAc respectively. While CaAc did not prove more 

effective than NaCI, MgAc w£.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 is not any more effective than a 

''pure" calcium acetate solution. T  -  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 is 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 is:

CF - TD + A (1-T)
G(l-T) u '

w h e r e :

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 costs of raw 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:

CaCO. + 2CH,C00H — *• Ca(00CH^C)„ + H„0 + C0„
J  -> J JL 1 I

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).

( 2 6 )



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 (2 )

Where:

Net Income = PG - A (3)

a n d

Tax = (PG-A D)T ( M

Combining Terms:

CF = (PG-A) - (PG-A-D)T (5)

Rearranging
„ CF - TD + A(l-T)p * S  ...     —

G(l-T)
( 6 )
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R e in f o r c e d  c o n c r e t e  i s  commonly used f o r  b r id g e  d e ck s . In  r e c e n t  y e a rs  an 
a la rm in g  in c r e a s e  in  d e la m in a t io n  and s p a l l i n g  o f  th e  c o n c r e t e  co v e r  o f 
th e s e  d e ck s  has been o b se rv e d  (s e e  f i g u r e  1 ) .  T h is  d e t e r io r a t io n  no t o n ly  
makes t r a v e l  ov er th e s e  b r id g e s  ro u g h e r , b u t can  e v e n tu a l ly  le a d  to  
s t r u c t u r a l  damage to  th e  b r id g e .  A g r e a t  de a l o f  e f f o r t  has been made to  
u n d e rs ta n d  th e  ca u s e s  o f  t h i s  damage and p re v e n t i t ,  s in c e  d e ck  r e p a ir s  o r 
re p la ce m e n t i s  e x p e n s iv e .

The  p r i n c i p a l  ca u s e  o f  th e  d e la m in a t io n  and s p a l l i n g  o f  b r id g e  de ck  
c o n c r e t e  i s  g a lv a n ic  c o r r o s io n  o f  th e  r e i n f o r c i n g  s t e e l ,  a lth o u g h  t h i s  was 
n o t w id e ly  r e c o g n iz e d  f o r  many y e a r s J  One means o f  p r e v e n t in g  t h i s  damage 
i s  to  i n s t a l l  c a t h o d i c  p r o t e c t io n  system s on th e  b r id g e ,  w h ich  ca n  s to p  

t h i s  c o r r o s io n ,  v t e  c r  f a  , r . . . r r . N -

Two o f  th e s e  system s have been r e c e n t ly  i n s t a l l e d  in  A la s k a .  The f i r s t  was 
p la c e d  on th e  u p p e r v e h ic le  ramp a t th e  A n ch o ra g e  I n t e r n a t io n a l  A i r p o r t  
d o m e s t ic  te rm in a l b u i l d i n g ;  i t  began o p e r a t in g  in  Decem ber 1981 The 
se co n d  was i n s t a l l e d  on th e  W ende ll S t r e e t  B r id g e  in  F a ir b a n k s  and began 
o p e r a t in g  in  O c to b e r  1982. A t h i r d  system  i s  p la n n e d  f o r  th e  Cushman 
S t r e e t  B r id g e  in  F a ir b a n k s ;  i t  i s  s ch e d u le d  t c  e i n s t a l l e d  n e x t summer.

The c o r r o s io n  o f  re b a r  in  b r id g e  d e ck s  i s  s im i la r  to  w hat o c c u r s  in  many 
ty p e s  o f  g a lv a n ic  c e l l s ,  su ch  as th e  le a d - a c id  a u to m o b ile  b a t te r y  shown 
s c h e m a t ic a l ly  i n  F ig u r e  2 . In  a b r id g e  d e ck , d i f f e r e n t  p a r t s  o f  th e  
r e i n f o r c i n g  s t e e l  become a n o d ic  o r c a t h o d i c  (s e e  F ig u r e  3 ) due to  
d i f f e r e n c e s  in  r e s id u a l  s t r e s s e s  and im p u r i t i e s  in  th e  s t e e l ,  c r a c k s ,  
m o is tu r e  c o n t e n t ,  and a e r a t io n  o f  th e  c o n c r e t e ,  and o th e r  f a c t o r s .

Th e  c o n c r e t e  c o v e r ,  w h ich  n o rm a lly  w ould p r o t e c t  s te e l  from  c o r r o s io n  due 
t o  i t s  a l k a l i n i t y ,  becomes an e f f e c t i v e  e l e t r o l y t e  when co n ta m in a te d  by 
c h l o r i d e  io n s  from  d e - i c i n g  s a l t s  used on th e  b r id g e .  C o r r o s io n  p r o d u c ts  
( p r i n c i p a l l y  r u s t )  b u i ld  up a t  th e  a n o d ic  a re a s  o f  th e  r e b a r s ,  and b e ca u se  
th e y  o c cu p y  a g r e a te r  volume th a n  th e  o r i g in a l  s t e e l ,  th e y  e x e r t  p re s s u re  
on th e  c o n c r e t e ,  w h ich  e v e n tu a l ly  c r a c k s .  Therm al e x p a n s io n , w a te r 
f r e e z in g  in  th e  c r a c k s ,  and o th e r  f a c t o r s  ca n  th e n  e x te n d  th e  c r a c k in g ,  
s e p a r a t in g  th e  co v e r  la y e r  o f  c o n c r e t e  fro m  th e  r e s t  o f  th e  de ck  
( d e la m in a t io n ) .  The d e la m in a te d  c o n c r e te  ca n  e v e n tu a l ly  s p a l l  o f f ,  le a v in g



th e  to p  mat o f  th e  r e in f o r c in g  s te e l  exposed .

T h is  prob le m  has grown w orse in  r e c e n t  y e a rs  due t o  th e  in c r e a s e d  use o f  
d e - i c i n g  s a l t s  on h ighw ays and b r id g e s .  One means o f  p r e v e n t in g  t h i s  
damage w ould  be t o  a v o id  th e  use  o f  s a l t s  by s u b s t i t u t i n g  o th e r  m a te r ia ls  
su ch  as sa n d , f l y  a sh , o r  c a lc iu m  magnesium a c e t a t e  (C M A ). A n o th e r  means 
i s  t o  p la c e  an im perm eable  la y e r  between th e  s u r fa c e  o f  th e  b r id g e  deck  
and th e  r e i n f o r c i n g  s t e e l .  In  t h i s  way c h l o r i d e  p e n e t r a t io n  to  th e  le v e l  
o f  t h e  s te e l  i s  p r e v e n ir d  o r a t  le a s t  r e ta r d e d ,  and th e  c o r r o s io n  w i l l  n o t 
o c c u r  (o r  w i l l  p ro g re s s  much more s lo w ly ) .  S e v e ra l m ethods have been used 
t o  r e t a r d  o r  h a l t  c h lo r id e  p e n e t r a t io n  t o  th e  le v e l  o f  th e  r e t a r s ,  su ch  as 
th e  s p e c i f i c a t i o n  o f  d e n se , low -s lum p  c o n c r e t e ^ g r e a t e r  co v e r  d e p th  o f  
c o n c r e t e ,  p o ly m e r -m o d if ie d  c o n c r e t e ,  o r  th e  a p p l i c a t i o n  o f  w a te rp ro o f  
mem branes. G a lv a n iz e d  and e p o x y -co a te d  re b a r  has a ls o  been u s e d . Some form  
o f  p r o t e c t io n  i s  r e q u ir e d  on a l l  new c o n c r e t e  b r id g e  d e ck s  b u i l t  by th e  
s t a t e  o f  A la s k a .

None o f  th e s e  m ethods w i l l  s to p  c o r r o s io n  on e x is t in g  
c h lo r id e - c o n t a m in a t e d  d e ck s , how ever. The rem oval and re p la ce m e n t o f  a l l  
c o n ta m in a te d  c o n c r e t e  o r th e  e n t i r e  deck  i s  p o s s ib le ,  b u t v e ry  e x p e n s iv e . 
S h o r t  o f  t h i s ,  th e  o n ly  method known th a t  ca n  c o m p le te ly  h a l t  o n g o in g  
c o r r o s io n  i s  c a t h o d i c  p r o t e c t io n .

C a t h o d ic  p r o t e c t io n  has lo n g  been used f o r  c o r r o s io n  p r o t e c t io n  o f  b u r ie d  
and subm erged s t r u c t u r e s  su ch  as p i p e l i n e s ,  d o ck s ,  and s h ip s ,  and f o r  th e  
p r o t e c t io n  o f  e le v a te d  w a te r and fu e l  ta n k s .  C a th o d ic  p r o t e c t io n  o f  b r id g e  
d e c k s ,  how ever, i s  r e l a t i v e l y  new, and d e s ig n s  are  s t i l l  somewhat 
e x p e r im e n ta l .

The p r i n c i p l e  b e h in d  c a t h o d i c  p r o t e c t io n  i s  to  make a l l  o f  th e  s te e l  (o r  
o th e r  m a t e r ia l )  t o  be p r o t e c te d  c a t h o d i c  w ith  r e s p e c t  to  a n o th e r  m a te r ia l  
p la c e d  in  th e  e l e c t r o l y t e  to  w h ich  i t  i s  e l e c t r i c a l l y  c o n n e c te d .  T h is  can  
be done by c o n n e c t in g  th e  s te e l  to  a le s s  n o b le  m e ta l ,  su ch  as z in c  o r 
m agnesium . The  le s s  n o b le  m e t a l b e c o m e s  th e  anode in  a g a lv a n ic  c e l l ,  
and i t ,  r a t h e r  th a n  th e  s t e e l ,  co r ro d e s  (s e e  F ig u r e  4 ) .  T h i s  i s  known as 
" s a c r i f i c i a l - a n o d e "  c a t h o d i c  p r o t e c t io n .  The anode m a te r ia l  e v e n tu a l ly  
c o r r o d e s  c o m p le te ly  and m ust be r e p la c e d .

A n o th e r  m ethod i s  to  c o n n e c t  th e  s te e l  t o  be p r o t e c t e d  t o  a n o th e r  m a te r ia l



p la c e d  in  th e  e l e c t r o l y t e  and f o r c e  t ! ;e  s te e l to  become c a t h o d i c  by u s in g  
an e x te r n a l pov/er s o u r c e .  T h is  i s  known as " im p re s s e d -cu r re n t"  c a t h o d i c  
p r o t e c t io n  (s e e  F ig u r e  5 ) .  C o r r o s io n  o f  th e  anode in  su ch  a system  w i l l  be 
n e g l i g i b l e  i f  t h e  c o r r e c t  c h o i c e  o f  m a te r ia l  i s  made, th u s  e l im in a t in g  th e  
need f o r  anode re p la ce m e n t .



Im p r e s s s e d -c u r r e n t  system s have u s u a l ly  been ch o se n  f o r  use  on b r id g e  
d e ck s  f o r  two p r in c ip a l  r e a s o n s . The f i r s t  i s  t h a t  th e  amount o f 
p r o t e c t io n  can be e a s i ly  v a r ie d  by a l t e r i n g  th e  v o lta g e  and c u r r e n t  from  
th e  power s o u r c e .  In  a s a c r i f i c i a l - a n o d e  sy ste m , th e  v o lta g e  i s  d e te rm in e d  
by th e  r e l a t i v e  o x id a t io n  p o t e n t ia l s  o f  th e  anode and c a th o d e  m a t e r ia ls ,  
and th e  c u r r e n t  i s  d e te rm in e d  by th e  amount and lo c a t i o n  o f  th e  a n o d ic  
m a t e r ia l ;  o n ce  such  a system  i s  b u i l t ,  n e i t h e r  ca n  be ch a n g e d . The second  
a d v a n ta g e  o f im p r e s s e d -c u r r e n t  system s i s  t h a t  th e  anodes do no t need 
r e p la c e m e n t .  S in c e  th e  anodes m ust be p la c e d  in  th e  e l e c t r o l y t e  ( i . e .  th e  
b r id g e  deck  c o n c r e t e )  r e p la c in g  them w ould  be d i f f i c u l t  and e x p e n s iv e .

C u r r e n t  f lo w  betw een an anode and a c a th o d e  w i l l  be g r e a t e s t  where th e
e l e c t r i c a l  r e s is t a n c e  between them i s  th e  l e a s t .  Thus i f  an anode is
p la c e d  very  c lo s e  to  any one p a r t  o f  th e  s t e e l  to  be p r o t e c t e d ,  n e a r ly  a l l
th e  c u r r e n t  w i l l  f le w  to  th a t  p a r t  o f  th e  s t e e l ,  r a th e r  th a n  ta k e  lo n g e r ,
le s s  c o n d u c t iv e  p a th s  to  more rem ote l o c a t i o n s  on th e  s t r u c t u r e .  The more
rem ote  p a r ts  may th e n  r e c e iv e  i n s u f f i c i e n t  c u r r e n t  to  p r o t e c t  them from
c o r r o s io n .  M o re o v e r, th e  areas r e c e iv in g  la r g e  c u r r e n t s  may be "over
p r o te c te d "  w h ich  has been o b se rv e d  to  weaken th e  bond betw een re b a r  and
c o n c r e t e .  T h is  may be due to  an in c r e a s e  o f  sod ium  and p o ta ss iu m  io n s  near

2 4th e  ca th o d e  ( r e b a r )  or be ca use  o f  th e  r e le a s e  o f  hy drogen  th e r e .  By 
m oving th e  anode f a r t h e r  away from  th e  s t r u c t u r e ,  th e  d is t a n c e s  between
th e  anode and d i f f e r e n t  p a r ts  o f  th e  s t r u c t u r e  w i l l  become more n e a r ly  
equa l and, i f  th e  e l e c t r o l y t e  i s  hom ogeneous, so w i l l  th e  e l e c t r i c a l  
r e s is t a n c e  and c u r r e n t  d e n s i t y .

On b u r ie d  s t r u c t u r e s  where th e  s o i l  i s  th e  e l e c t r o l y t e ,  anodes can  e a s i ly  
be p la c e d  a t  a l o c a t io n  r e l a t i v e l y  f a r  fro m  th e  s t r u c t u r e .  I t  may be 
p o s s ib le ,  f o r  exam ple , to  c o m p le te ly  p r o t e c t  a b u r ie d  c y l i n d r i c a l  ta n k  by )i*<f <■'- '•
i n s t a l l i n g  th r e e  a n odes , 12O0 awav from  e a ch  o t h e r ,  a rou nd  th e  tan k  and 0 ‘
p e rh a p s  h a l f  th e  t a n k 's  d ia m e te r  away from  i t .  On a b r id g e  d e ck , how ever, 
th e  c o n c r e t e  i s  th e  e l e c t r o l y t e ,  and th e  d is t a n c e  between th e  anodes and 
th e  ca th o d e s  ( r e b a r s )  can  never be more th a n  a few  in c h e s .

One means o f a c h ie v in g  even c u r r e n t  d e n s i t i e s  ov er b r id g e  d e ck s  i s  to  
p la c e  anodes in  a h ig h ly  c o n d u c t iv e  la y e r  o f  co k e  b re e ze  and a s p h a lt  

: p la c e d  over th e  e n t i r e  d e ck . Care  m ust be ta k e n  to  e n su re  t h a t  th e
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c o n d u c t iv e  la y e r  does n o t c o n t a c t  any b r id g e  s t e e l ,  s h o r t - c i r c u i t i n g  th e
c o u r s e

system . A w ea rin g  o f  c o n v e n t io n a l  p a v in g  m a te r ia l i s  needed s in c e * *
2

th e  coke  bre e ze  m ix tu re  i s  r e l a t i v e l y  weak. R e la t iv e ly  even p r o t e c t io n  
ca n  be g iv e n  to  th e  to p  la y e r s  o f  re b a r  t h i s  way, a lth o u g h  th e r e  i s  l i t t l e  
p r o t e c t io n  o f low er r e b a r .  C h lo r id e  c o n c e n t r a t io n s  d e cre a s e  w ith  d e p th , 
how ever, so th e  low er re b a r  r a r e ly  i f  e v e r r e q u ir e s  p r o t e c t io n .

A d isa d v a n ta g e  o f  t h i s  system  i s  th a t  th e  two o v e r la y  la y e r s  ( t y p i c a l l y  5" 
t h i c k )  g r e a t ly  in c r e a s e  th e  dead lo a d  on th e  b r id g e .  A n o th e r  m ethod o f  
anode p la ce m e n t has been d e v e lo p e d  w h ich  r e q u ir e s  le s s  o v e r la y  t h i c k n e s s .  
In  t h i s  m ethod, a s e r ie s  o f  p a r a l l e l  g ro o v e s are c u t  in  th e  b r id g e  d e ck , 
and a n o d ic  w ire s  are  g ro u te d  i n t o  them . The anodes th e n m se lv e s  are  th u s  
w id e ly  d i s t r i b u t e d  o v e r th e  d e ck , and th e  c o n d u c t iv e  la y e r  i s  e l im in a t e d ,  
a lth o u g h  a w e a rin g  co u rs e  i s  s t i l l  r e q u ir e d .  The c a t h o d i c  p r o t e c t io n  
system s r e c e n t ly  i n s t a l l e d  in  A la s k a  have been o f  t h i s  ty p e .

R e p a ir s  to  th e se  b r id g e s  were needed b e fo re  th e  system s were i n s t a l l e d ;  
t h i s  work i s  shown in  F ig u r e  1 , w h ich  i l l u s t r a t e s  th e  s e r io u s n e s s  o f  th e  
p ro b le m . P i t t i n g  fo u n d  on c o r r o d e d  re b a r  i s  shewn in  F ig u r e  6 . A l l  unsound 
c o n c r e t e  was rem oved, th e  re m a in in g  c o n c r e t e  was c h ip p e d  away from  any 
p a r t i a l l y  exposed r e b a r ,  and th e  c o n c r e t e  and exposed re b a r  w ere c le a n e d .  
The d e ck s  were th e n  p a tch e d  w ith  la t e x - m o d if ie d  c o n c r e t e .

A f t e r  th e  deck r e p a i r ,  th e  c a t h o d i c  p r o t e c t io n  system s c o u ld  be i n s t a l l e d .
Anode w ire s  f o r  th e  system s are  made o f  p la t in u m  c o a te d  n io b iu m  w ith
co p p e r  c o r e s .  These  were g ro u te d  in  g ro o v e s c u t  in  th e  deck  w ith  a m ix tu re  
o f  coke  b ree ze  and p o ly v in y l  e s te r  r e s in .  F ig u r e  7 shows th e  W e nde ll
S t r e e t  B r id g e  a f t e r  t h i s  was co m p le te d  and b e fo re  th e  f i n a l  w e a r in g  co u rs e  
o f  c o n c r e t e  was p la c e d .

E l e c t r i c  power to  e n e r g iz e  th e  system  comes from  a c o n t r o l  box w here AC
l in e  power i s  f i r s t  t ra n s fo rm e d  to  th e  d e s ir e d  v o lta g e  and th e n  r e c t i f i e d
to  DC. The p o s i t iv e  te r m in a l  i s  c o n n e c te d  to  th e  anode w ire s  v ia  header
c a b le s  imbedded in  th e  d e ck ; th e  n e g a iv e  te rm in a l i s  c o n n e c te d  to  th e
r e in f o r c i n g  s te e l  i t s e l f .



Th e  amount o f p o la r i z a t io n  (v o l t a g e )  im p re sse d  on th e  r e in f o r c in g  s te e l
m ust be k e p t w i t h in  a c e r t a in  ra n g e . A minimum n e g a t iv e  v o lta g e  o f  a b ou t
850 mV, com pared to  a co p p e r -c o p p e r  s u l f a t e  h a l f  c e l l ,  i s  d e s ir e d  to
e n su re  p r o t e c t io n  o f  th e  s t e e l ;  a maximum o f  ( n e g a t iv e )  1100 mV i s  d e s ir e d

4
t o  a v o id  " o v e r p r o t e c t io n " .  R e fe re n ce  c e l l s  w ere im bedded in  th e  d e ck s  in  
o r d e r  to  m o n ito r  th e  s te e l  p o la r i z a t io n ;  i n  th e  W e n d e ll S t r e e t  system  
th e s e  are  made o f  m olybdenum/m olybdenum o x id e  w h i le  a t th e  A nchora ge  
A i r p o r t  th e y  a re  z i n c .  A u to m a tic  v o lta g e  c o n t r o l  i s  p ro v id e d  by a
m ic r o p r o c e s s o r  in  th e  c o n t r o l  b o x , w h ich  m o n ito r s  th e  v o lta g e  re a d in g s  on 
th e  r e fe r e n c e  c e l l s  and a d ju s t s  th e  c u r r e n t  f lo w  as ne eded . The  amount o f  
power r e q u ir e d  by th e  system s i s  q u i t e  s m a l l ;  th e  ia “ i r  (W e n d e ll S t r e e t  
B r id g e )  system  i s  e x p e cte d  to  s t a b i l i z e  a t a b o u t 60 w a t t s .

Th e se  system s sh o u ld  s to p  c o r r o s io n  o f  th e  r e i n f o r c i n g  s te e l  in  th e se
b r id g e  d e c k s ,  a v o id in g  th e  need f o r  f u r t h e r  e x p e n s iv e  de ck  r e p a ir s .  
C o r r o s io n  p ro b e s  have been i n s t a l l e d  in  th e  d e ck s  to  e n a b le  d e t e c t io n  o f  
any f u r t h e r  c o r r o s io n ,  sh o u ld  i t  o c c u r .  The p e rfo rm a n ce  o f  th e s e  system s 
i s  b e in g  m o n ito re d  by th e  v e n d o r, N o r to n  C o r r o s io n  L t d . ,  I n c .  o f  
W o o d in v i l le ,  W a s h in g to n . The d a ta  g a th e re d  s h o u ld  r e s u l t  in  a b e t t e r
u n d e r s ta n d in g  o f  b o th  th e  p h y s ic a l  and e co n o m ic  e f f e c t iv e n e s s  o f  th e se  
sy s te m s , and may le a d  to  im proved d e s ig n s  in  th e  f u t u r e .  {The F e d e ra l
H ighw ay A d m in is t r a t io n  has e s t im a te d  t h a t  th e  use  o f  th e s e  system s may be
a b le  to  save b i l l i o n s  o f  d o l la r s  n a t io n w id e .
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The use o f calhodic protection grew rapidly with the 
developm ent, in the m id-1930’s. o f a new source o f 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 o f  
corrosion control gave the follow ing advantages:

1. W hen properly applied, corrosion is com pletely  
stopped.

2. T h e'i fTcctivcncss of cnthcdic protection in arresting 
. corrosion can be measured by a sim ple, nondestructive

electrical measurement.
3. T he cost o f  applying cathodic protection is a fraction 

of the replacement cost o f  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 environm ents.

jhortlv  after the end of World War II, corrosion prob­
lems developed with largc-diamctcr, prcst-csscd-rcinforccd- 
concrcte water pipelines in Europe, Israel, and North  
Africa (13 . 13, 15. 1 6 ). D uring the 10-year period be­
tween 1945 and 1955, the use o f  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 
containm ent vessels, and concrete-coated piling; h ow eicr, 
the use o f  cathodic piotect'on in these applications liar, n c’ 
reached major proportions.

How Cathodic Protection is Applied

The cathodic protection o f  m clal is applied by causing 
a flow o f current from any source to the metal (5 ) .  Two 
methods arc generally used to transmit the protective cur­
rent (1 7 , 13, 1 9 ) .  In one, the threatened structure is made 
the cathode o f 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.

E lcctro lylic-C ell M eth o d  (SacriftciaUA node System s)

To obtain cathodic protection by the electrolytic-cell 
m ethod, a metal electrode that is anodic to the mclal o f 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 cITcct. 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 o f  the 
structure .nd the anode. Som e typical potential relation­
ships arc shown in the limited tabulation of (he practical 
galvanic series o f metals given as follows (1 9 ):

M eta l
Magnesium alloy ( 6  so A!.

3% Zf., and 0.15%  M n) 
Zinc
Alum inum  alloy (5%  Zn) 
Mild steel ( rusted)
Mild steel in concrcrc 
Conner

Typical 
Potential, volts  • 

- 1 .6 0

- 1.1 

- 1 .0 5  
- 0 . 2  to - 0 . 5  

- 0.2 
- 0.2

* T yp ica l  po ten t ia l  n o rm a l l y  ob se rv ed  in neu tra l  so ils  and u a t c r ,  m ea ­
su r ed  lo  ihe copper s u l l a te  i c i c i r n c

From this listing, it is obvious that the mrgncsium offers 
cathodic protection to any o f  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.

E xternal-P ow er A pp ro a ch  (Im prcsscd-C urrcn t System s)

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

Ml TALLIC CONDUCTOR

—

METALLIC
CONDUCTOR

\ -

DIRECT-CURRENT 

/ POWER SUPPLY

y  S a c r i f i c i a l  a n o d e  ^
Tivhre A~2. Siicrifieinl-unode eailitn lic protection. Figure A'-J. Itnprrisctl-ctirrcnt cathodic protection.
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I . I N T R O D U C T I O N
i

» .

W e  first l e a r n e d  a b 6 u t  the C M A  p r o j e c t  at the T R B  m e e t i n g  

in J a n u a r y  1930. W e  h e a r d  the p r e s e n t a t i o n  of the w o r k  b y  

Dr Dunn, Dr. S t a n l e y  and Dr. Scheck. Due to b u d g e t a r y  r e­

stra i n t s  w e  o n l y  s t a r t e d  a c t i v e l y  p u r s u i n g  the idea at the 

b e g i n n i n g  of 1982 w h e n  our p r o p o s a l  for a CMA r e s e a r c h  p r o j e c t  

w a s  approved.

It h a s  b e e n  k.iown tha't there are three p r o c e s s e s  to p r oduce

CMA.

(1) Q u i c k  lime r e a c t i n g  w i t h  a cet ic acid.

(2) H y d r a t e d  lime (Calcium H y d r o x i d e  and M a g n e s i u m  

H y d r o x i d e )  r e a d t i n g  w i t h  a c e t i c  acid.

(3) L i m e s t o n e  C a C03+ M g C03 (Calcium C a r b o n a t e  and M a g n­

es i u m  C a r b o n a t e )  r e a c t i n g  with a c e t i c  acid.

T h e o r e t i c a l l y  a l l  three w i l l  do, b u t  in r e a l i t y  (1) is

b e t t e r  than (2) w h i c h  is b e t t e r  than (3).

S i n c e  the b e g i n n i n g  of o u r  project, o u r  e m p h a s i s  has been:

(1) Use loc al r e s o u r c e s  and w a s t e  p roducts.

(2) Use a m e t h o d  that r e q u i r e s  a small a m o u n t  of energy.

(3) Use the m e t h o d  that is m o s t  c o s t  effective.

In o u r  s e a r c h  for s o u r c e s  of r e s o u r c e s  and w a s t e  p r o­

ducts, we f o u n d  that Lime P r o d u c t s  Corp. in Union, M a i n e  h a d  

an i n t e r e s t  in this project. They p r o d u c e  h i g h  m a g n e s i u m  l i m e­

stone. T h e y  d o n ' t  h a v e  the c a p a b i l i t y  of p r o d u c i n g  e i t h e r  q u i c k



lime or h y d r a t e d  lime fr om limestone, since that p r o d u c t i o n  

r e q u i r e s  h i g h  temperatures. The limestone, c o a r s e  and fine 

are s h e w n  in S l i d e s  1 and 2 .

We  a l s o  loca ted some w a s t e  a c e t i c  acid f r o m  W. H. S h u r t l e f f  

Co. The a c e t i c  acid h a d  to b e  d i l u t e d  b e f o r e  it can r e a c t  w i t h  

limestone . F r o m  the lab e x p e r i m e n t  we k n e w  that the r e a c t i o n  

w i l l  no t b e  complete. T h a t  is, some l i m e s t o n e  w i l l  b e  left 

over. But the l e f t o v e r  l i m e stone can b e  used as a b r a s i v e  agent, 

t h e r e f o r e  we d e c i d e d  to use a c oarse grade limestone.

A c e t i c  acid is used at a 1 0 %  s o l u t i o n  - a n o t h e r  s o u r c e  

is vinecja::, and M a i n e  is rich wif.lt f,^vle o r c h a r d s  w h i c h  could 

p r o v i d e  the juice to m a k e  vinegar.

II. SMAL_ S C A L E  T R I A L  B A T C H

J u n e  24, 1982 m ixed 10 lbs. of c o a r s e  d o l o m i t i c  l i m e s t o n e  

w i t h  10 gal. of 1 0 %  acetic acid in a small c o n c r e t e  m i x e r  for 

10 minut es.

This w a s  r e p e a t e d  five times, the r e s i d u e  and liquid 

p o u r e d  into a c o n t a i n e r  for e v aporati on.

J u l y  16, 1982 o b t a i n e d  40 lb. of stone - C M A  mixture.

S l i d e s  3 to 5

The f inal p r o d u c t  is shown on Slide 6 .

W h e n  this m i x t u r e  is d i s s o l v e d  in water, the solids 

f i l t e r e d  out, the f i l t r a t e  dried, a w h i t e  p o w d e r  as shown 

in Slide 7 remains.

2



III. LARGE SCALE TRIAL BATCHES 

S l i d e s  8 to 12

On J u l y  30, 1982 the c o n t r a c t o r  m i x e d  100 gal. H A C  

(diluted due to false m e t e r  i n d i c a t i o n  to 2%) w i t h  4 0 0 0  lbs. 

c o a r s e  l i m e s t o n e  in a c o n c r e t e  m i xer. The liquid and l i m e­

st o n e  r e s i d u e  w e r e  p l a c e d  in a b a s i n  (40' x  10').

By  the ena of October, 1982, this "coarse" b a t c h  o n l y  

c o n t a i n e d  few "puddles" of l i q u i d  p H  =  6.5. T h e  l i q u i d  w a s  

t r a n s f e r r e d  to a drum, the "wet" solid w a s  t r a n s f e r r e d  to 

o t h e r  d r u m s  (five-55 gal. drums) and stored. T h e s e  w i l l  b e  

d r i e d  and a n a l y z e d  in the n e a r  future. T he total w e i g h t  of 

w e t  m a t e r i a l  is 3320 lbs.

S l i d e s  13 to 17

On A u g u s t  11, 1982, a n o t h e r  m i x t u r e  w a s  made. It c o n­

si s t e d  of 200 gal. H A C  (diluted to 10%, 2 0 0 0  g a l . ) a n d  8000 lbs. 

fine l i m e s t o n e  m i x e d  in a c o n c r e t e  mixer, p l a c e d  in a d r y i n g  

b a s i n  ( 2 0 1 x 10').

By the end of October, 1982, the s o l u t i o n  b e g a n  to c o n g e a l  

(Slide 1 8 ) .

S l i d e s  19 to 21

O n  N o v e m b e r  30, 1982 the s o l u t i o n  in the "fine" b a t c h  

w a s  t r a n s f e r r e d  i n t o  four-55  gal. drums. A t  the same time 

q u i c k  lime w a s  a d d e d  and the m i x t u r e  w a s  stirred. The pH 

o f  the m i x t u r e s  w e r e  b e t w e e n  11.5 and 12. The d r u m s  were  then


