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ABSTRACT 

I nc inerat i on a s h  from three  operat i ona l  fac i l i t i e s wi t h i n  the  New 

York Metropol i t an area were stab i l i zed wi th  var i ous  port i on s  of  add it iv e s  

( l i me ,  gyp s um ,  Port l and cement a n d  sod i um carbon ate ) to  produce a 

concrete - l i ke material  s u i tabl e for both mar i ne  d isposa l  and u se  i n  t h e  

construction  i ndustry .  Cur i ng p arameters were ad justed t o  maximize  the  

structura l  i nteg r i ty of  the  exper i mental  m i xes . Cert a i n m i x and curing 

d e s i g n s  produced proctor s i zed s ampl es  exh i b i t i ng a compre s s i ve strength  

o f  approx i matel y 1,600  ps i . 

S t a b i l i zed compos i te res i dues  ( cont a i n i ng both fl y a s h  and bottom 

a s h )  d id not  exceed EPA l eachate  l i m i ts . New York C i ty fl y a s h , 

s tab i l i zed w i thout  any bottom a s h  d i d  exh i b i t  s i gn i f i c an t l y  h igher  

e l eme n t a l  concentrat i ons  and  exceeded EPA l eachate l i m i t s  for cadmium and  

l e ad . 

Perme abil i t i e s o f  the  .st ab i l i zed m i xes ranged from 1 0 -S 
- 1 0-B 

cm/sec  

w i t h  t h e  s t abil ized compos i te res i dues  y i el d i ng the  l owe st permeabil itie s . 

Fo l l owing  s u bmers i on i n  seawater ,  stab i l i zed compos i te res i d ue s ampl es  

exper i enced n o  dec l i ne i n  t h e i r structural i ntegri ty wh il e s i gnifi cant  

expan s i on and  l o s s  o f  strength  was observed for  the  New York C i ty fl y a s h  

s ampl e s . 

The  res u l t s  o f  t h i s  i nvest i g at i on i nd i cate that i nc i nerat i on a s h  

possesses  s i gn i f i cant  pozzol an i c  act i v i ty a n d  may be a s u i tab l e subst i t ute  

for aggreg ate i n  the  manufacture of  cement bl ocks for u se  by the  

construct i on i ndustry i n  t h i s reg i on .  I n  add i t i on ,  bl ocks h a v i ng 

excel l en t  structural  propert i es rel at i ve to  mari ne  d i sposa l  h ave been 

fabr i c ated . 
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Sect i on 1 

INTRODUCT ION/OVERVIEW 

PROJECT DES IGN 

This project , ent i t l ed "The  F i xat i on of I n c i nerat i on Ash :  Physica l  

and  Leachate  Propert i es " , i s  a one year  l aboratory study wh i ch beg an in 

May 1985. Th i s  work  i s  spon sored by the  New York State Leg i s l ature wi t h  

the  New York State Leg i s l at i ve Commi s s i on on the  Water Resource Needs o f  

Long I s l and a s  the  l ead agency . I nvest i g ators at  t he Waste  Man agement 

I n st i tute o f  the Mar i ne  Sc i ences Research Center of  the State Un i vers i ty 

of  New York at  Stony Brook  are conduct i ng the  i nvest i g at i on .  Mot i vat i on 

for t h e  project stemmed from a des i re to exam i ne  the  feas i b i l i ty o f  

f i xat i ng i nc i nerat i on a s h  a n d  demon strate t h e  u se  of  t h e  stab i l i zed 

mater i al i n  a con struct i ve manner  as  an  a l tern at i ve to  l arid fi l l i ng . 

PROJECT OBJECT IVES 

T h i s project focus sed on two ma i n  object i ve s :  

Object i ve  1 - To i nvest i gate i nc i nerat i on a s h  fi x at i on by means  

of chemi cal  add i t i ves  and control l ed cur i ng 

env i ronments  • 

Object i ve  2 - To determ i ne  t he permeab i l i ty and l eachate  

c haracter i s t i cs  of several "opt i mum" m i xtures 

of i nc i nerat i on ash and f i xat i on add i t i ves . 

Object i ve 1 was addressed during the first stage of the  project . 

The i nc i nerat i on ash utilized in this study was secured from three  

operat i on al incinerators. New York City's Southwest  Brooklyn fac i l i ty 

twice prov i ded a source of fly ash. On two separate occas i on s  the  Town o f  

Hunt i ngton i nc i nerator l ocated in East  Northport , Long I s l and  was v i s i ted 

to  remove compo s i te s amp l es  of  both bottom and  fl y a s h . Compos i te  a s h  

s amp l e s  were a l s o  acqu i red from t he Westche s t er Resource Recovery fac il ity 

i n  Pee k s k i l l , New York  . 
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• 

The  inc inerat i on wastes  were i nitia l l y  ch aracterized by determin i n g 

t h e  mo i s t u re content of  the  s ampl es , part i c l e  s ize  d istribut i on and pH .  

The  concentration of  organ i c  con stituents  was  determined by me as u r i ng the 

l o s s  on ign it ion and X - ray d i ffraction provided i nformation as  to the  

major minera l  phase  found with i n  the  i nc i nerat i on wa ste s . 

C a l c ium hydroxide  ( l i me ) , Portl and cement (Type I), g ypsum and sodium 

c arbonate  served a s  f i xat i on add i tives d ur i ng  the  fabr i cat i on of ASTM 

proctor s i zed cyl i nders  of i nc i nerat i on a s h . The proctors were cured i n  

various  control l ed temperature - h umi d i ty envi ronments  for vary i ng periods  

of t ime . 

At the  end  of  the  cur i ng per i od , proctors  were subjected to 

compre s s ive  strength  testing (ASTM C39 ) . Rel at ive compre s s ive strength s  

were u s ed a s  a cr i ter i on for compar i ng vari ous  m i xes  of  i ncineration  

wastes  and f i xat i on add i t i ves  i n  order to determ i n e  an  opt i mum 

formu l at i on .  M i xe s  conta i n i ng I5% Port l and cement were se l ected as  

optimum . 

The  next stage  o f  the  proj ect addres sed the  second obj ective ; to 

determ i ne  the permeab i l i ty and l each ate character i st i cs of  the  optimum 

m i xes . Port i ons  of proctors were sea l ed i nto  PVC p i pe .  The rate and 

quant i ty of water wh i ch permeated through the  proctors was  recorded , 

enabli ng c a l cu l at i on s  o f  permeab i l i ty constants . 

The  l each ate character i st ics  of  starting mater i als and optimum mixes  

were stud i ed u s i ng both EPA and  ASTM protocol s .  Add i t i on al phys i ca l  tests  

were performed on  the  opt i mum m i xes  and  start i ng materi a l s .  Den s i ty/ 

poros 1ty (ASTM C 642) o f  the  opt i mum m i xes  was measured . Opt i mum m i xes 

and start i ng materi a l s were anal yzed for maj o r ,  m i nor  and trace 

componen t s . Sampl es  were d i gested i n  hydrofl uori c ac i d  pr i or to anal ysis 

by atomic absorpt i on s pectroscopy . X- ray d i ffract i on was used  to i dentify 

the  prin c i pa l  cementat i ou s  p hases . Tabl e I . I  s ummari zes the  overal l scope 

of  the  proj ect . 
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Tabl e 1 . 1 .  " The F ixation o f  I n c i nerator Res i dues :  Physica l  and  Leac h a te 
Propert i es " - A summary of  act i v i t i es . 

Objective 1: 

Objective 2 :  

To  i nve s t i g ate i nc i nerat i on res i due  f i xat i on by me ans  of  
chemica l  addit ives and  control l ed curing environments . 

I n it ial  research and devel opment o f  proctor fabrication  
techn i ques , 

- determin a t i on of  phys i cal  propert i es o f  incinerator 
res i dues , 

- determination of  opt i mum water content for ma king 
proctors , 

- fu l l sca l e product i on of  test  proctors for a l l of  t he  
test  m i x types  stud i ed ,  
s e l ection of  an " opt i mum" mix t o  be used  during the  
i nvestigation of  the  second objective . 

To determine  the  permeab i l i ty and l eachate character i s t ic s  
o f  opt i mum m i xes  o f  three i nc inerator res i dues  p l us  
fixation additives .  

- Darcy fal l i ng head permeab i l i ty mea s u rements  of the  
opt i mum m i xes , 
EPA and ASTM chem i ca l  l eachate  tests  o f  opt i mum m i xe s 
and starti ng mater i al s ,  

- determin at i on of  the  bu l k chem i ca l  compos i t i on and 
mineral ogy of  the opt i mum m i xes  and start i ng mater i a l s ,  

- add i tiona l  phys i ca l  test i ng o f  the  opt i mum mixes and 
start i ng materi a l s ,  

- prel im i n ary fabr i cat i on of  " cement  b l ocks " i ncorporat i ng 
i nc i nerat i on res i due  i n  p l ace of  n atural  aggregates ,  

- determi nat i on of  the  fl ux o f  ca l c i um from the  opt i mum 
m i xes  and a prel i m i nary eval u at i on of  b l ock l ongev i ty ,  
i n i t i al eval uat i on o f  the  i mpacts  from mar i ne d i spo s a l  
o f  f i xated i nc i nerat i on re s i dues  . 
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PROJECT RESULTS 

This report is the final product of the first phase of this 

investigation. It includes a tabulation of all data and a description of 

methods. A brief discussion of the resul t s  wi th  suggestions for future 

work is included . 

4 
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Sect i on 2 

PROJ ECT SUMMARY AND CONC LUS I ONS 

STATEMENT O F  PR I NC I PAL CONC LUS I ONS 

Th i s  project prov i ded data to  support the fol l ow i ng pr i n c i pa l  

concl u s i on s : 

I n c i nerat i on res i dues  conta i n  s uffi c i ent pozzol an i c  i ngred i ents  to 

s u pport l i me f i xat i on . 

F i x at i on add i t i ves affect the  phys i ca l  and chemi c a l  propert i e s of 

proctors . 

- Both  phys i cal  and chem i ca l  propert i es of  proctors determi ne  t he  

c h em i ca l  compos i t i on of  l eachate . 

- H i g h e r  temperature general l y  acce l erates the  cur i ng  proce s s . 

Compress i ve strength i ncreases  wi th  cur i ng t i me . 

- C h em i c a l  fi xat i on of  i nc i nerat i on res i due  i s  capab l e of  reduc i ng 

t h e  rate of  rel ease  of  trace metal s .  

Structural  i ntegr i ty i s  s i gn i fi cant l y affected by part i cl e  s i ze 

and  organ i c  content of  t h e  res i due . 

- Proctors of stab i l i zed comb i ned ash  ma i nta i n t he i r structural  

i nteg r i ty fol l owi ng the i r  p l acement i n  the  sea  . 

- For  f i xated comb i ned ash  proctors , EPA leachate l i m i t s  were not 

exceeded for parameters wh i ch were tested . 

- For f i xated i nc i nerator fl y  ash , EPA l each ate l i m i t s  were exceeded 

for Cadm i um and Lead . 

5 
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Pre l i m i nary res u l t s  i nd i cate that  stab i l i zed bl oc ks of combi ned 

i n ci nerat i on res i due wi l l  ma i nta i n t he i r structural  i nteg r i ty in 
the  mar i ne  env i ronment for prol ong l engt h s  of  t i me . 

I n c i nerat i on res i dues  may be a s u i tab l e s ubst i tute  for n atura l  

aggreg ates  i n  the  product i on of cement bl ocks . 

Proctors fabr i cated wi th  New York C i ty fl y a sh  and Port l and ceme n t  

exper i ence s i gn i fi cant expan s i on upon seawater s u bmers i on 

res u l t i ng i n  fa i l ure o f  the  s ampl es  structural i ntegr i ty .  

I f  t h e  New York Metropol i tan reg i on were to e l ect mar i ne  d i spo s a l  

o f  a l l t he  projected i nc i nerat i on res i due  ( 2 . 2  X 1 0
6

) i t  wou l d 

requ i re 1 0  years to con struct one  art i fi c i al f i s h i ng ree f  . 

6 
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A SUMMARY OF  PHYS I CAL AND CHEM I CAL OBSERVAT I ONS 

Fa br i c at i on Techn i ques  and  M i x  Types  

Proctor fabr i cat i on was accomp l i s hed fo l l ow i ng  t h  ASTM 0698 method  

" Standard Test Mo i sture - Den s i ty Rel at i ons  of  So i l s  and So i l -Aggreg ate 

M i xtures  u s i ng 5 . 5  l b .  Rammer and  12 i nch Drop " .  Wh i l e  mod i fi cat i on s  of 

t h i s te st  were i nvest i g ated , proctor fabr i cat i on  cou l d not  be i mproved . 

A water content of  1 7% was found to be opt i mum for fabr i cat i on of  

proctors conta i n i ng Westchester  res i due . I n  general  opt i mum water content  

i s  a funct i on of med i an part i c l e s i ze ,  i ncreas i ng as  part i cl e  s i ze 

decreases  . 

The  max i mum observed compre s s i ve streng th was 1 592  p s i  for a 67% 

Wes tche ster  res i due  and 1 5% Port l and cement m i x  w i t h  1 8% water content 

cured  for 21  days at  amb i ent  temperatures . Add i t i on s  o f  sod i um carbon ate 

(Na2co3) found  to i mprove the  structural  i ntegr i ty i n  f i xated coal  a s h , 

res u l ted i n  no  i mprovement  for the  i nc i nerat i on a s h  p roctors . Gyps um ,  

ca l c i um s u l fate d i hydrate ( Caso
4

°2H
2

0 )  another common l y  u sed add i t i ve 

s i gn i f i cantl y deter i orate the  compre s s i ve strength and produced the  l owest  

compre s s i ve strength s  me as ured dur i ng  t h i s  i nvest i g at i on  . 

The  three opt i mum m i xes  se l ected for add i t i on a l  phys i ca l  and chem i c a l  

test i ng were : 

62% New York C i ty fl y ash  w i th  15% Port l and cement and 23% 
• 

mo i sture cured at  49  C for 72 hours . [ Proctor ser i e s  COA2]. 

67% Hunt i ngton comb i ned res i due w i th  1 5% Port l and cement and 18% 

mo i sture cured for 14 d ays at  Amb i ent  temperature s . [ Proctor 

ser i e s  HA3 ].  

68% Westchester  comb i ned res i due wi t h  1 5% Port l and Cement and 
• 

1 7% mo i sture c u red at  49  C for 24 hours . [ Proctor seri es  WAE6] . 

7 
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Phy s i c a l  and C h emi ca l  Te sts  

Tabl es  2.1 and  2.2 summar i ze the  res u l ts  of  t h e  p hys i ca l , chem i ca l  

and m i neral ogi ca l  tests  performed on opt i mum m i xes . 

Phys i c al  test i ng d i scl osed the  need for e i ther  cal c i um hydrox i de 

{ l i me ) or Portl and cement and i ncreased cur i ng t i me to  i n sure the  

deve l opment of  s uffi c i ent react i on products to i nsure the  phys i cal  

i n tegr i ty of  the stab i l i zed m i x .  No s i gn i f i cant d i fferences  were obs erved 

i n  e i ther  the top or bottom port i on s  of  the  proctor w i t h  the one  except i on 

t h at the  bottom edges  o f  the  New York C i ty proctors were somet i mes  c h i pped 

i n  removal from the mol d .  Bas i ca l l y  un i form val ues  for both poro s i ty and 

permeab i l i ty suggest t h at the compact i on  effort was homogeneous ly  

d i s t r i buted dur i ng proctor fabri cat i on .  For  each  o f  the  opt i mum m i xes , 
t h e  permeab i l i ty i n i t i al l y decl i ned very rap i d l y ,  then  stab i l i zed 

expe r i en c i ng a m i nor trend toward l ower val ues dur i ng t h e  four wee k  per i od 

of  t h e  i nvest i g at i on . 

M i neral ogi cal  and chemi cal  anal yses  prov i ded an i nterest i ng 

compar i son o f  the  fl y a s h  and compos i te  res i dues  used  i n  t hi s study . 

E l emental  con s t i tuents  were found i n  h i gher  concentrat i on i n  t he  fl y a s h , 

when compared to  the  compos i te res i dues . 

Compar i son of  the  chem i cal  compos i ti on of  the ASTM and EPA l each ate 

reve a l ed t hat : 

E PA l eachate concentrat i on s  were s i gn i fi cantl y h i gher  than the 

ASTM val ues . I t  i s  i mportant to note  that the  pH of  the  E PA 

l each ate i s  adj usted w i th  ac i d  pr i or to  the test  . 

For compos i te  ash  proctors l eachate concentrat i on s  d i d  not 

exceed EPA l i m i ts  for those  parameters wh i ch were exami ned . 

Mode l l i ng of  l each ate d i ffus i on from a hypothet i cal  d i sposal  

s i te i nd i cates  that water col umn chem i stry i s  una l tered beyond 

1 000 meters from the d i sposal  s i te .  For most  e l ements  the  

d i s t ance  i s  l e s s  than 1 00 meters . 

8 
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Table 2.1. Summary of  phys i cal  tests performed on optimum mixes . 

New York C i ty Huntington 
Test Fly Ash Compo s i te Res i due 

Proctor fabri cat i on 623 As h 67% Res i due 
data ( Mod i fi ed ASTM 15% Portl and Cement 15% Portl and Cement 
D698 method ) 23% Mo i sture 183 Mo i stu re 

Proctor compres s i ve 228 (±43) 455 (±51) 

Proctor wet den s i ty ,  1533 1712 
ASTM �698 (mod i fi ed ) 
(kg/m ) 

Darcy fal l i ng head Top of  Proctor : 10-7 T: <10-7 

permeab i l i ty (cm/sec) Bottom of  Proctor : 10-5 B :  <10-5 

Den s i ty/poro s i ty ,  ASTM C642: 

Apparent spec i f i c  grav i ty 2.32 2.53 2.51 

Water absorpt i on 36% 21% 

Vo i d s 473 393 

• • • 

Westchester  
Compos i te Re s i due 

683 Resid ue 
15% Portl and Cement 

173 Mo i sture 

1230 (±59) 

1744 

T :  10-
8 

B :  10-8 

183 

363 
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Table 2 . 2. Summary of  chem i cal  and m i neral og i c a l  tests  performed on  
opt i mum m i xes . 

Test  

Bu l k Chemi ca l  Compo s i t i on 

Major Con st i tuents  

M i nor Const i tuents  

Trace  C on s t i tuents  

M i n era l ogy 

Major Crysta l l i n e Phases  

Mi nor Crysta l l i ne Phases  

Opt i mum M i xes  

Al umi n um 
S i l i con 
Magnes i um 
I ron 
Ca l c i um 
Z i nc 

Cooper 
Chrom i um 
Lead 
Manganese  

Cadm i um 
Arsen i c  
Cobal t 
Mercury 
N i c ke l  

Anhydr i te  
Gyp s um 
Qu artz 
Ca l c i te 

Ettr i ng i te 
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I 

SUGGEST I ONS  FOR FUTURE WORK 

T h e  fo l l ow i ng s uggest i on s  are prov i ded as an  a i d  for p l ann i ng future 

i n v e s t i g at i on s :  

undertake tox i c i ty b i oas s ays o n  se l ected org an i sms 

representat i ve of the  project s i te fol l ow i ng the procedures 

descr i bed by the US E PA for the  ocean d i sposa l  perm i t program , 

deve l op methods  for the  mech an i cal , h i gh s peed fabr i cat i on of  

SAi  bl ocks u s i ng ex i st i ng equ i pment and technol ogy prov i ded by 
t h e  concrete bl ock i ndustry ,  

construct smal l test  structures , s i mu l at i ng a n  art i fi c i a l 

fi s h i ng ree f ,  at our  mar i ne  test  s i te l oc ated i n  Con s c i ence Bay, 

an  embayment of  Long I s l and Sound , 

exam i n e  the  chem i cal , p hys i cal  and b i ol og i ca l  i nteract i ons  of  

SAi  bl ocks submerged i n  Con s c i ence Bay a s  a funct i on of mar i ne  

exposure , 

eval uate the  s u i tab i l i ty and eng i neer i ng propert i es of 

con struct i on grade cement bl ock u s i ng i nc i nerat i on re s i dues  as  a 

s ubst i tute  for natural  aggregate . 

1 1  
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Sect i on 3 

I NC I N ERAT I ON WASTE CHARACTER I ST I CS 

I NC I N E RAT I ON RES I DU ES USED I N  THE PROGRAM 

As h from three  operat i ona l  New York State fac i l i t i es was  ut i l i zed in 

t h i s  study . The Southwest  Broo kl yn pl ant operated by the  C i ty of  New 

York , t he  S i gna l  - RESCO fac i l i ty i n  We stchester County ,  and the  Town of  

H u n ti ngton i nc i nerator l ocated in East  Northport were se l ected . As h was 

co l l ected o n  two separate occas i on s  from each  s i te and returned to our 

fac i l i ty i n  steel  55  ga l l on drums . The total  amount  o f  res i due col l ected 

from each s i te was , approx i matel y ,  4 , 200  l bs from Wes tchester , 600 l bs 

from the  New York C i ty p l ant and  1, 200 l bs from t h e  Town of  Hunt i ngton 

fac i l i ty .  Di s t i nct i on between the  use of  f i rst  and second tr i p ash i s  

i nd i c ated in the  rema i n i ng sect i on s  of  the  report. 

Compos i te  a s h , a comb i n at i on o f  bottom and fl y a s h , was col l ected at 

t h e  We stchester  and Hunt i ngton fac i l i t i es ,  and o n l y  fl y a s h  was col l ected 

at New York C i ty .  D i fferent types  of  ash are prod uced due  to the  var i ed 

descr i pt i ve parameters of the p l ants , and some of these  parameters can be 

found  i n  Tabl e 3.1 . 

BULK PROPERT I ES 

Part i c l e - s i ze Ana l ys i s  

The  d i str i but i on of part i cl e  size in the incineration wastes  was 

determ i ned by s i ev i ng a s ampl e of  approx i mate l y 6 kg of  Hunt i ngton 

res i due , 1 kg of  Westchester res i due  and 0 . 5  kg of New York C i ty fl y ash . 

We secured a s h  twice  from Huntington and New York City and fol l ow i ng each  

collection event particulate size distribution anal ys i s was undertaken . 

The  ana l ys i s  fol l owed ASTM 042 2 - 63 u s i ng a ser i e s  of U . S .  Standard S i eves  

3 in, 1 . 5  in, 0 . 75 in, Numbers 4 ,  1 0 ,  18 ,  40 , 60 , 1 00 and 200. For the  

t h re e  l arger  s i ze s i eves  the res i dues  were s i eved d ry and s h aken by h and . 

The  smal l er s i eves were p l aced i nto a Ro - Tap s i eve  s h a ker . 

1 2  
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Tabl e 3 . 1 .  Compar i s on of  i nc i neraton a sh  fac i l i t i e s . 

Stat i s t i cs  

Start - up 

Area served 

Pl ant  capac i ty 

Average  t hroughput  

Combu st i on temp . 

Type  o f  system 

Operat i on 

Mater i a l s recovery 

Prec i p i t ators 

Power generat i on 

Power generat i on 
capac i ty 

Customer 

We stchester  

1 984 

Westchester  Cty 
850 , 000 peopl e 

2250  tons/d 

1 800  ton s/d 

2500 ° F+ 

Mas s burn i ng wi t h  
waterwal l bo i l ers  

24  h/d 
7 d/week 

Ferrous ,  
Aggregate 

E l ectrostat i c ,  3 

E l ectr i c power 

60 MW , ongo i ng 

Consol i dated 
Ed i son Co. 

Hunt i ngton 

Un i t#l - 1 956 
#2 - 1 960 
#3 - 1 962 

Hunt i ngton 
2 1 0 , 000  peopl e 

*** 

NYC 
Southwest  
Brookl yn 

1 9 6 1  

Var i e s  
-300 - 500 , 000  

750  tons/d 

Un i t#l&2 - 1 00ton s/d 600 ton s/d 
#3 - 2 00tons/d 

1 4 00 ° F+ 

Mass  burn i ng 

24 h/d 
6 d/week  

Aggregate1  

1 4 00 - 1 600 ° F  

Mass  burn i ng 

24 h/d 
7 d/week 

None 

E l ectrostat i c ,  1 E l ectrostat i c , 4  

None None 

*** *** 

*** *** 

1 Mater i al i s  sorted at the  p l ant before burn i ng and the  metal l i c 
fract i on i s  d i sposed o f  i n  a l andfi l l  l ocated on the  prem i ses  . 



• 

• 

• 

• 

• 

• 

• 

• 

• 
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The  re s u lt s  of  t h e  part i c l e - s i ze anal ys i s  are i l l u strated i n  F i g ures 

3 . 1 - 3 . 3  wh i ch  s h ows  t he  compos i t i on of the  d i fferent s i ze fract i on s . 

The  compos i t e  a s h  from Westchester and Hunt i ngton was more heterogeneou s  

t h a n  the  N e w  York C i ty fl y a sh , a s  expected . I n  t h e  l arger s i ze groups  

g l a s s  was predomi n an t . I n  the  Hunt i ngton s ampl e s  fragment s  of rag s , paper  

and wood s h a v i ng were  observed . 

The quant i tat i ve  contr i but i on s o f  t h e  d i fferent s i ze fract i on s  to  t he  

s amp l e s  are  g i ven i n  Tabl e 3 . 2 .  From the gra i n  s i ze d i str i but i on curve 

( F i gure 3 . 4 ) i t  can be concl uded that the New York C i ty fl y ash s ampl e 

obt a i ned d u r i ng  our  second v i s i t  to  th at fac i l i ty i s  predom i nant l y  of s i lt 

s i ze h a v i ng  a mean g ra i n s i ze of  0 . 09 mm . Th i s  i s  s i gn i f i cant l y  fi ner 

t han  the f i rst  s ampl e that was col l ected wh i ch has a mean gra i n s i ze of 

0 . 2 5 mm . Sand  s i zed part i c l e s  are dom i nant  i n  the  Westchester a s h ; the  

mean  part i c l e  s i ze i s  0 . 6  mm . The  l argest  part i cl e  s i ze i s  represented by 
the  two Hun t i ngton s ampl e s  wh i ch compare very wel l . Hunt i ngton a s h  h a s  

t he  h i g hest  fract i on of  gravel  s i zed part i cl e s  a n d  a mean  part i cl e  s i ze of  

s l i ght l y l e s s  t h an.2 . 0  mm . 

Mo i s ture Content  dnd pH 

. Mo i sture content was determ i ned i n  repl i cate ( n=IO) on  30  - 40  g 

s amp l e s  o f  fres h  res i due  a s h  fol l ow i ng  each col l ect i on event . Sampl e s  

were dr i ed to cons tant  we i ght  i n  an oven at about 90 ° C ,  Tabl e s  3 . 3  - 3 . 5 .  

Mo i sture contents  were fa i rl y  un i form ,  d e s p i te the  heterogene i ty of  t he  

mater i a l s and  the l arge so l i d  i nc l u s i on s . New York  C i ty fl y a s h  and 

We stchester  res i due  were s i gn i fi cantl y  dryer than  the Hunt i ngton ash wh i ch 

h a s  a mo i s tu re content of  approx i mate l y  24% .  

T h e  pH  o f  the v ar i ous  res i dues  was determ i ned u s i ng an  Or i on Research 

Mode l  70 1A  pH  meter attached to a s tandard g l a s s  e l ectrode . Tabl e 3 . 6  

presents  the d ata  • 

14 
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F i gure  3 . 1 .  Part i c l e  s i ze fract i on s , New York C i ty i nc i nerat i on a s h  . 

I l  1 ustrat i on Sampl e Ret a i ned by Se i ve Number 
A 1 8  ( 1 . 00 mm } 

B 40 ( 42 5  µm} 

c 60 ( 250 µm} 

D 1 50 ( 1 00 µm} 
E 200 ( 7 5  µm} 

F Pan ( <7 5  µm} 

15 
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Figure 3.1 
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e Fi gure 3 . 2 .  Parti cle s i ze fract i ons, Hunt i ng ton i n ci nerati on re si due.  

I l l u stration Sampl e Ret a i ned by Seive Number 
• A ( 3/4 " ) 

B ( 1/2 " ) 

c 4 ( 4 . 75 mm) 

• 
D 18 ( 1 . 00 mm ) 

E 60 ( 250 µm) 

F Pan (<75 µm) 

• 

• 

• 

• 

• 

17 
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Figure 3 . 3 .  Particl e s i ze fract i ons , Westchester  incineration re s idue  . 

I1 1 ustrat i on Sampl e Retained by Se ive Number 

A 4 { 4 . 75 mm) 

B 1 0  { 2 . 00 mm) 

c 18 { l . 00 mm) 

D 60 { 250  µm) 
E 200 { 75 µm) 

F Pan { <7 5  µm) 

1 9  
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Figure 3.3 
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Table 3 . 2 .  Size fraction o f  res idues . 

PAR T I CL E  S I ZE ANALYS I S  

HUNT I NGTON COMPOS I TE ASH NEW YORK C I TY FLY ASH WESTCHESTER COMPOS I TE ASH NEW YORK C I TY FLY ASH* HUNT I NGTON FLY ASH* 

S I EVE GRAMS GRAMS GRAMS GRAMS GRAMS 

NUMBER OPEN I NG S I ZE RETA I N E D  X RETA I NED  R E TA I NE D  X R E TA I NED  R E TA I N E D  X RETA I NE D  R E TA I NE D  X RETA I NED R E TA I NED X RETA I NED 

. 75" 239 . 1 4 . 08 0.0 0 . 00 0 . 0  0 . 00 0.0 0 . 00 88 . 3  4 . 76 

. 50" 324 . 5  5 . 54 0.0 0 . 00 0.0 0.00 0 . 0  0 . 00 128.98 6 . 96 

. 375" 4 5 1 . 5  7 . 70 0 . 0  0 . 00 47.2 4 . 47 0.0 0 . 00 139 . 08 7.50 

4 4.75 nm 866 . 2  1 4 . 78 0 . 0  0 . 00 72 . 5  6 . 87 0 . 0  0.00 294 . 3 2 15.87 

10 2 . 00 nm 844 . 6  14 . 4 1 0 . 6  0 . 11 111 . 4  10 . 56 4.0 0 . 69 254 . 7 7  13 . 74 

18 1 .00 nm 779 . 9  1 3 . 30 3 . 7  0 . 70 183 . 1  17 . 36 5.0 0.86 212 . 48 11 . 46 

4 0  4 2 5  µm 1 1 08 . 8  1 8 . 91 74 . 2  1 4 . 1 2 3 1 0 . 8  29 . 46 16 . 3  2 . 80 315 . 01 16 . 99 

60 2 5 0  µm 4 8 7 . 6  8 . 3 2 1 74.0 3 3 . 1 3 1 3 6 . 3  1 2 . 9 2  2 9 . 8  5. 10 1 6 2 . 73 8 . 78 

1 0 0  1 5 0  µm 2 6 2 . 8  4 . 48 1 49 . 0  2 8.37 73 . 0  6 . 9 2 7 8 . 4  1 3 .4 5 1 0 6 . 4 6  5.74 

2 0 0  7 5  µm 1 8 6 . 9  3 . 1 9 84 . 3  1 6 . 04 54 . 6  5 . 1 8 18 5 . 6  3 1 . 8 4  7 5. 0 4  4 . 0 5 

<75 µm 3 1 0 . 3  5 . 2 9 3 9 . 5  7 . 5 2  6 6 . 1  6 . 2 7 2 63 . 8  4 5 . 2 5  77  .13 4 . 16 

T O T A L  WE I GHT: 5 8 6 2 . 1  5 2 5.3 1 0 5 5 . 0  5 8 2 . 9  1 8 5 4 . 3  

* R e p r e s e n t s  a s h  c o l l e c t e d  o n  a s e c o n d  v i s i t  t o  t h e  f ac i l i ty.  

N 
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Figure 3.4 
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Tab l e  3 . 3 .  Mo i sture content of Hunt ington i ncinerat i on ashes . 

WE I GHT H l  H2 H3 H4 

BEAKER 2 7 . 74 27 . 28 2 7 . 93 2 7 . 2 1  

BEAKER + ASH S9 . S6 S8 . 1 3 6 1 . 3 1  60 . 6S 

WET ASH 3 1 . 83 3 0 . 8S 33 . 38 33 . 43 

BEAKER + ASH ( DRY ) Sl . 62 S0 . 1 5 52 . 4 1 52 . 1 5 

DRY ASH 23 . 89 22 . 87 24 . 48 24 . 94 

MO I STURE CONTENT 7 . 94 7 . 98 8 . 90 8 . 50 

X MO I STURE 24 . 94 2S . 87 2 6 . 66 2 5 . 4 1 

AVE . MO I STURE 2 5 . 08 

VAR I ANCE 0.74 

STD . DEV . 0 . 86 

WE I GHT H l *  H2* H3* H4* 

BEAKER 49 . 92 S0 . 3 1  50 . 1 3 49 . 96 

BEAKER + ASH 90 . 19 9 1 . 1 4 8 1 . 0 1  77  . 7 1 

WET ASH 40 . 2 7 40 . 83 3 0 . 88 2 7 . 7 5 

BEAKER + ASH ( DRY ) 8 1 . 08 80 . 98 74 . 42 7 1 . 34 

DRY ASH 3 1 . 1 6 3 0 . 68 24 . 29 2 1 . 38 

MO I STURE CONTENT 9 . 1 1  1 0 . 1 6  6 . 60 6 . 3 7 

X MO I ST UR E  22 . 63 24 . 88 21 . 36 22 . 96 

AVE . MO I STURE 22 . 76 

VAR I ANCE 2 . 43 

STD. DEV . 1 .  56 

* Represents ash collected on a second v is i t  to the facility . 

• • • • • 

HS H6 H7 H8 H9 H l O  

2 7 . SO 28 . 89 28 . 0S 27 . 39 48 . 8 1  49 . 48 

62 . 78 60 . 3 1  64 . 99 62 . 33 87 . 28 89 . 27 

3 S . 29 3 1 . 43 36 . 94 34 . 94 38 . 46 39 . 79 

S4 . l l  S2 . 70 S6 . 3 7 S3 . 49 77 . 63 79 . 1 7 

26 . 6 1 23 . 8 1 28 . 3 1  26 . 1 0 28 . 81 29 . 69 

8 . 67 7 . 62 8 . 62 8 . 84 9 . 65 1 0 . 1 0  

24 . S8 24 . 24  23 . 34 2 S . 30 2 S . 09 2 S . 39 

HS* H6* H7* H8* H9* H l O* 

49 . 96 48 . 74 S0 . 56 49 . S9 49 . 96 S l . SO 

76 . 40 7 2 . 70  83 . 49 87 . 55 79 . 62 83 . 48 

26 . 44 23 . 95 32 . 93 3 7 . 96 29 . 66 3 1 . 98 

69 . 84 67 . 23 75 . 63 79 . 77  72 . 61 7 7 . 02 

19 . 88 1 8 . 49 2S . 07 30 . 1 8 22 . 6S 25 . S2 

6 . S6 S . 46 7 . 86 7 . 78 7 . 0 1 6 . 46 

24 . 80 22 . 8 1 23 . 87 20 . 49 23 . 62 20 . 2 1 

N 
w 
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Tab l e  3 . 4 .  Mo i sture content of New York C i ty i nc i nerat i on ashes . 

WE I GHT C l  C 2  C3 C4 

BEAKER 30 . 0B 2 7 . 1 0 2 7 . 32 2B . O l 
BEAKER + ASH 46 . B2 46 . 40 4 7 . 00 4S . S2 
WET ASH 1 6 . 74 1 9 . 30 1 9 . 6B 1 7 . Sl 
BEAKER + ASH ( ORY ) 4 S . 94 4S . 23 4 S . B3 44 . S3 
ORY ASH 1 S . B6 l B . 1 3  l B . S l  1 6 . S2 
MO I STUR E  CONTENT O . BB 1 . 1 7 1 . 1 7 0 . 99 
X MO I STURE S . 2S 6 . 07 S . 96 s .  ti4 

AVE . MO I STURE 6 . 1 7 

VAR I ANCE 0 . 2 1 
STD . DEV . 0 . 4S 

WE I GHT C l *  C2* C3* C4* 

BEAKER S0 . 04 S l . 60 4B . 29 49 . S7 

BEAKER + ASH 67 . 67  67 . 1 7 6B . 3 1  66 . 70 
WET ASH 1 7 . 63 1 S . S7 2 0 . 02 1 7  . 1 4 
BEAKER + ASH ( ORY ) 67 . 3 7 66 . 90 67 . 96 66 . 40 

ORY ASH 1 7 . 33 l S . 30 1 9 . 66 1 6 . B3 

MO I STURE CONTENT 0 . 30 0 . 2 7 0 . 3 S 0 . 30 

X MO I STURE 1 .  70 1 .  76 1 .  77 1 .  7B 

AVE . MO I STURE 1 .  76 
VAR I ANCE 0 . 002 
STD . DEV . 0 . 048 

* Represents ash co l l ected on a second v i s i t  to the fac i l i t y .  

• • • • • 

cs C6 C7 CB C9 C l O  

29 . 4B 30 . 00 2B . OS 29 . 00 S l . SO 49 . S6 

4B . 43 S0 . 3 7 4 S . 92 4B . 4S 76 . 1 1  76 . S6 

l B . 94 20 . 37 1 7 . B7 1 9 . 4 S 24 . 6 1 2 7 . 00 

47 . 26 49 . 1 2 44 . 7 1 47 . 19 74 . 4B 74 . 77  

1 7 . 7B 1 9 . 1 2 1 6 . 66 l B . 1 9 22 . 9B 2 S . 20 

1 . 1 6 1 .  2 S  1 .  2 1  1 . 26 1 . 63 1 .  79 

6 . 1 3 6 . 1 4 6 . 7S 6 . 49 6 . 63 6 . 64 

CS* C6* Cl* CB* C9* C l O* 

4B . B2 S l . 30 49 . 46 SO . BS 4B . 7 S 4B . 99 

70 . 2 1 69 . S4 66 . BB 69 . 60 66 . 90 66 . 36 

2 1 . 39 l B . 23 1 7 . 4 1  1 B . 7S  lB .  lS  1 7 . 37 

69 . Bl 69 . 22 66 . SB 69 . 2B 66 . SB 66 . 0S 

20 . 99 1 7 . 9 1 1 7 . 1 2  l B . 43 1 7 . B3 1 7 . 06 

0 . 40 0 . 3 2 0 . 30 0 . 3 2 0 . 32 0 . 3 1 
l . B7 1 .  7 S  1 .  72  1 .  70 1 .  7 S  1 .  79 

N 
.j::::. 
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Tabl e 3 . 5 .  Mo i sture content  o f  Westchester i nc i nerat i on a s hes  . 

W E I GHT Wl W2 W3 W4 

B EAKER  5 1 . 60 48 . 29 49 . 57  4 8 . 83 
BEAKE R  + ASH 89 . 1 7 82 . 98 82 . 53 84 . 2 7 
WET ASH 37 . 57 3 4 . 69 3 2 . 96 3 5 . 44 
B EAKER + ASH ( DRY ) 88 . 38 82  . 1 8 8 1 . 82 83 . 43 
DRY ASH 36 . 78 3 3 . 89 3 2 . 26 34 . 60 
MO I STURE CONTENT 0 . 78 0 . 79 0 . 70 0 . 83 
% MO I STURE 2 . 08 2 . 29 2 . 1 4 2 . 3 5 

AV E .  MO I STURE 2 . 2 5 
VAR I ANC E 0 . 0 1 
STD . DEV . 0 . 1 2  

2 S  

w s  

5 0 . 6 3 
86 . 3 3 
3 5 . 7 0 
8 5 . 4 7 
3 4 . 84 

0 . 86 
2 . 4 0  
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Tabl e 3 . 6 .  pH va l ues  for the  var i ous  res i dues . 

Re s i dues  ruf 

New York  C i ty F l y As h 1 0 . 89 

New York  C i ty F l y Ash* 6 . 59 

Hunt i ngton Compo s i te Ash  7 . 7 2 

Hunt i ngton  Compo s i te Ash* 7 .  7 1  

Westche ster Compo s i te  Ash  1 2 . 74 

* represents  a s h  co l l ected on  a second v i s i t  to  t he  fac i l i ty 

2 6  
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Once  ag a i n t h e  two New York C i ty s ampl e s  d i ffered con s i derabl y ,  t he  f i r s t  

s amp l e was  a l ka l i ne wh i l e  t he  second s ampl e co l l ected w a s  s l i g ht l y ac i d i c .  

Th e two H u n t i ngton  s ampl e s  were v i rtua l l y  i dent i c a l  and t h e  mo s t  a l kal i n e 

re s i due wa s o bt a i ned  from the  We stchester  fac i l i ty . 

Los s  on  I gn i t i on 

The  d r i ed s ampl e s  o f  res i d ue u sed for determ i n a t i on o f  mo i sture 

content were u s ed t o  meas ure l os s  on i gn ition ( LO I } . I n  t h i s  method t h e  

samp l es were ign i ted in a covered crucibl e i n  a muffl er furn ace at 

control l ed temperature . Separate determinations  were made for LO I at two 

temperature s ,  500 ± 50 ° C  and 900 ± 50 ° C .  LO I is frequent l y determi ned at 

temperatures of 900  to  l , Ooo · c  but b i ogen i c  org an i c s are burned off at 

5oo · c  and t h i s  was  a mater i a l s group of i nterest for the present  

c haracter i z at i on .  

F i g u re 3 . 5  and Tabl es  3 . 7  - 3 . 1 1 c l e arl y i l l u strate t h at Hunt i ngton 

ash posses sed the h i g h e s t  amount  of  uncombusted materi a l , approx i matel y 

14% at 9oo · c . The second s ampl e of  New York C i ty a s h  was s ignificant l y  

h i gher i n  organ ics  when compared to the  fi rst s a mp l e and Westchester 

composite  ash  l ost  on l y 1 . 8% of  i ts dry we i ght after be i ng heated to  
• 

500 c . 

2 7  
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F i g u r e  3 . 5  Loss  on  i gn i t i on 
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Tab l e  3 . 7 .  New York C i ty f ly ash , loss  on I gnit i on SOO " C , 900 " C .  

WE I GHT C l  C2 C3 C4 

CRUC I BLE  + COVER 1 3 . 86 1 4 . 1 3  1 3 . 60 1 3 . 76 
CRUC I BL E  + ASH 2 0 . 38 1 9 . 49 19 . 30 1 8 . 67 
ASH ( PRE I GN . ) 6 . 52 5 . 3 6 5 . 70 4 . 9 1  
CRUC I BL E  + ASH ( POST ) 2 0 . 3 1  19 . 44 19 . 24 1 8 . 63 
ASH ( POST I G N ) 6 . 46 5 . 30 5 . 63 4 . 87 
L O I  ( l\!500 ) 0 . 07 0 . 06 0 . 06 0 . 05 
% LO I ( l\!500 ) 1 . 0 1  1 . 09 1 . 09 0 . 94 

AVG . % L O I  ( l\!500 ) 1 . 20 
VAR I ANCE 0 . 1 0 
STD . DEV 0 . 3 1 

CRUC I BL E  + ASH ( POST ) 2 0 . 1 7 19 . 3 1 19 . 1 0 1 8 . 51 
ASH ( POST I GN )  6 . 3 1 5 . 1 8 5 . 50 4 . 7 5 
L O I  ( l\!900 ) 0 . 2 1 0 . 18 0 . 20 0 . 1 6 
% L O I  ( @900 ) 3 . 23 3 . 42 3 . 42 3 . 3 5 

AVG . % L O I  ( @900 ) 3 . 48 
VAR I ANCE 0 . 03 
STD . DEV . 0 . 1 7  

• • 

cs C6 Cl 

1 3 . 86 1 3 . 96 1 4 . 03 

1 8 . 52 1 8 . 04 19 . 06 

4 . 67 4 . 08 5 . 03 

1 8 . 49 1 7 . 99 1 8 . 98 

4 . 63 4 . 03 4 . 9 5 

0 . 03 0 . 05 0 . 08 

0 . 7 5 1 . 28 1 .  62 

1 8 . 3 7  1 7 . 89 18 . 88 

4 . 5 1 3 . 93 4 . 85 

0 . 1 5 0 . 1 6  0 . 1 8 

3 . 3 2 3 . 83 3 . 64 

• 

ca C9 

13 . 76 1 4 . 0 1 

19 . 03 1 9 . 2 2 

5 . 27 5 . 2 0 

1 8 . 94 1 9 . 1 4 

5 . 1 8 5 . 1 3 

0 . 09 0 . 08 

1 .  78 1 . 48 

18 . 84 19 . 03 

5 . 09 5 . 02 

0 . 1 9 0 . 18 

3 . 55 3 . 56 

C l O  

50 . 83 

68 . 57 

1 7 . 74 

68 . 40 

1 7 . 57 

0 . 1 7  

0 . 96 

67 . 95 

1 7  . 1 3 

0 . 62 

3 . 4 7 

• • • 

N 
\D 
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Tab l e  3 . 8 .  New York C i ty f ly a sh* , l o s s  on i gn i t i on 500 ' C ,  9 00 ' C .  

WE I GHT C l *  C2* C3* C4* 

CR UC I BL E  + COVER 1 3 . 6097 1 4 . 2302 1 3 . 87 2 5  1 3 . 98 1 5  
CRUC I BL E  + ASH 1 5 . 1 298 1 5 . 5602 1 5 . 4956 1 5 . 7 8 1 3  
ASH ( PR E I GN . )  1 . 52 1 . 33 1 . 62 1 . 80 
CRUC I BL E  + ASH ( POST ) 1 5 . 09 1 5 . 52 7 1  1 5 . 4 55  1 5 . 7343 
ASH ( POST I GN )  1 . 48 1 . 30  1 . 58 l .  75  
L O I  ( f!l500 ) 0 . 04 0 . 03 0 . 04 0 . 05 
X L O I  ( f!l500 ) 2 . 62 2 . 49 2 . 50 2 . 6 1 

AVG .  X LO I ( f!l500 ) 2 . 49 
VAR I ANCE 0 . 02 
STD . DEV 0 . 13 

CRUC I BL E  + ASH ( POST ) 1 4 . 9945 1 5 . 4446 1 5 . 3 506 1 5 . 6 1 78 
ASH ( POST I GN )  1 . 38 1 . 2 1  1 . 48 1 . 64 
L O I  ( f!l900 ) 0 . 1 4 0 . 1 2 0 . 1 4  0 . 1 6  
X L O I  ( f!l900 ) 8 . 90 8 . 69 8 . 93 9 . 08 

AVG . X L O I  ( f!l900 ) 8 . 5 1 
VAR I ANCE 2 . 69 
STD . DEV . 1 .  64 

* Represents ash  co l l ected on a second v i s i t to t he fac i l i t y .  

• • 

CS* CS* C7* 

1 3 . 7 59 13 . 89 1 3 . 9 099 

1 5 . 3 532 1 5 . 2704 1 5 . 7026 

1 .  59  1 . 38 1 .  79 

1 5 . 3 1 4 1  1 5 . 2342 1 5 . 6586 

1 . 56 1 . 34 l .  7 5  

0 . 04 0 . 04 0 . 04 

2 . 45 2 . 62 2 . 45 

1 5 . 2695 1 5 . 1 39 2  1 5 . 49 6 1  

l .  5 1  1 . 2 5 1 . 59 

0 . 08 0 . 1 3 0 . 2 1  

5 . 2 5 9 . 50 1 1 . 52 

• 

CB* C9* 

1 3 . 7816  1 4 . 0237 

1 5 . 2201 1 5 . 8605 

1 . 44 1 . 84 

1 5 . 183 1 5 . 8207 
1 . 40 1 . 80 

0 . 04 0 . 04 

2 . 58 2 . 1 7 

1 5 . 0866 1 5 . 7357  

1 . 3 1  l .  7 1  

0 . 13 0 . 1 2 

9 . 28 6 . 79 

C l O* 

50 . 3976 

55 . 4 538 

5 . 06 

55 . 3301  

4 . 93 

0 . 1 2 

2 . 4 5 

55 . 0947 

4 . 7 0 

0 . 36 

7 . 1 0 

• • • 
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Tab l e  3 . 9 .  Town of Hunt i ngton compos i te ash , loss  on i gn i t i on 500 ° C , 9oo · c . 

WE I GHT H l  HZ H3 H4 H5 

CRUC I BL E  + COVER 50 . 23 23 . 76 24 . 47 87 . 27 88 . 82 

CRUC I BL E  + ASH 7 1 . 30 45 . 83 44 . 78 1 2 7 . 90 136 . 55 
ASH ( PR E I GH . ) 2 1 . 07 22 . 07 20 . 3 1  40 . 63 47 . 73 

CR UC I BL E  + ASH ( POST ) 70 . 05 44 . 40 43 . 43 1 2 5 . 1 8  133 . 66 
ASH ( POST I GH )  1 9 . 82 2 0 . 64 18 . 9 7  3 7 . 9 1  44 . 84 

L O I  ( 1!1500 ) 1 .  2 5  1 . 43 1 . 3 5  2 . 7 2 2 . 89 

% L O I  ( 1!1500 ) 5 . 93 6 . 48 6 . 62 6 . 69 6 . 06 

AVG . % L O I  ( @500 ) 7 . 88 

VAR I ANCE 3 . 96 
STD . DEV 1 . 99 

CRUC I BL E  + ASH ( POST ) 68 . 4 1 42 . 08 1 2 1 . 92  1 3 0  . 1 6 

ASH ( POST I GN )  1 8 . 1 8  1 7 . 61 34 . 65  4 1 . 34 

L O I  ( 1!1900 ) 2 . 89 2 . 7 0 5 . 98 6 . 39 

% L O I  ( @900 ) 1 3 . 74 13 . 29 1 4 .  72  1 3 . 39 

AVG . X L O I  ( @900 ) 1 4 . 88 

VAR I ANCE 1 .  2 5  

STD . DEV . 1 . 1 2 

• • • • • 

H6 H7 H8 H9 H l O  

49 . 34 24 . 65 23 . 64 24 . 47 85 . 57 
65 . 02 4 0 . 1 4 40 . 38 4 2 . 50 1 2 7 . 4 0 
1 5 . 68 1 5 . 49 1 6 . 7 5 18 . 03 4 1 . 83 
63 . 7 5  38 . 4 7 38 . 68 40 . 4 5 1 24 . 65 
1 4 . 4 1  1 3 . 82 1 5 . 04 1 5 . 98 39 . 07 

1 . 2 7 1 .  67 1 .  7 1  2 . 05 2 . 7 5 
8 . 09 1 0 . 76 1 0 . 19  1 1 . 3 7  6 . 59 

62 . 68 3 7 . 58 37 . 76 39 . 60 1 20 . 89 
1 3 . 34 1 2 . 94 14 . 1 2 1 5 . 1 3  3 5 . 32 

2 . 34 2 . 56 2 . 63 2 . 90 6 . 51 
1 4 . 9 1  1 6 . 50 1 5 . 68 1 6 . 09 1 5 . 57 

w 
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Tab l e  3 . 1 0 .  Town of Hunt i ngton compos i te ash* , loss  on I gn i t i on soo · c ,  9oo · c .  

WE I GHT H l *  H2* H3* H4* HS* 

CRUC I BL E  + COVER 6 . 9482 7 . 0982 24 . 6426  23 . 6228 24 . 33 4 1  

CRUC I BL E  + ASH 1 2 . 2523 1 1 . 5 105  40 . 3781  3 6 . 3578 4 0 . 803 

ASH ( PR E I GN . ) 5 . 30 4 . 4 1 1 5 . 74 1 2 . 73 1 6 . 47 

CRUC I BL E  + ASH ( POST ) 1 1 .  6332 1 1 . 1 526 38 . 3832 34 . 7655 38 . 1904 

ASH ( POST I GN )  4 . 69 4 . 05 1 3 . 74 1 1 . 14 13 . 86 

L O I  ( @500 ) 0 . 62 0 . 36 1 . 99 1 . 59 2 . 6 1 

% L O I  ( @500 ) 1 1 . 67 8 . 1 1  1 2 . 68 1 2 . 50 1 5 . 86 

AVG . % L O I  ( 1!1500 ) 1 2 . 30 

VAR I ANCE 4 . 64 

STD . DEV 2 . 1 5 

CRUC I BL E  + ASH ( POST ) 1 1 . 4773  1 1 . 0448 37 . 988 34 . 34 3 7 . 8947 

ASH ( POST I G N ) 4 . 53 3 . 95 1 3 . 3 5 1 0 . 72 1 3 . 56 

L O I  ( 1!1900 ) 0 . 78 0 . 47 2 . 39 2 . 02 2 . 9 1  

% L O I  ( @900 ) 1 4 . 61 1 0 . 55 1 5 . 1 9  1 5 . 84 1 7  . 66 

AVG . % L O I  ( @900 ) 1 4 . 55 

VAR I ANCE 5 . 1 6  

STD . DEV . 2 . 2 7 

* Represents ash  co l l ected on a second v i s i t  to the fac i l i t y .  

• 

H6* H7 * H8* 

23 . 7857 23 . 63 58 24 . 47 

43 . 304 43 . 0079 4 0 . 3944 
1 9 . 52 1 9 . 37 1 5 . 92 

4 1 . 3 7 7 i  40 . 6259 38 . 1 368 

1 7 . 59 1 6 . 99 1 3 . 67 

1 . 93 2 . 38 2 . 26 

9 . 87 1 2 . 30 1 4 . 1 8  

40 . 9061  40 . 6232 3 7 . 8298 

1 7 . 1 2  1 6 . 99 1 3 . 36 

2 . 40 2 . 38 2 . 56 

1 2 . 29 1 2 . 3 1 1 6 . 1 0 

• 

H9* 

23 . 8519  

3 7 . 7056 

1 3 . 85 

36 . 1 448 

1 2 . 29 

1 . 56 

1 1 . 27 

35 . 8675 

1 2 . 02 

1 . 84 

1 3 . 2 7 

H l O* 

6 . 82 

9 . 0541 

2 . 23 

8 . 7287 

1 . 9 1  

0 . 33 

1 4 . 57 

8 . 6594 

1 . 84 

0 . 39 

1 7 . 67 

• • • 
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Ta b l e  3 . 1 1 .  Westchester compos i te ash , l oss  on i gn 1 t 1 on 500 ° C , 9 00 ° C .  

WE I GHT Wl W2 W3 W4 W5 

CRUC I BL E  + COVER 1 4  . 1 6 1 1  1 3 . 96 1 8  1 3 . 7895 1 3 . 9748 13 . 6363 

CRUC I BL E  + ASH 19 . 5761 1 8 . 57 1 3  1 7 .  7 568 1 8 . 48 1  18 . 7635 

ASH ( PRE I GN . )  5 . 42 4 . 61 3 . 9 7  4 . 5 1 5 . 1 3  

CRUC I BL E  + ASH ( POST ) 1 9 . 4894 18 . 4794 1 7 . 6902 1 8 . 3855 1 8 . 6658 

ASH ( POST I G N )  5 . 33 4 . 52 3 . 90 4 . 4 1 5 . 03 

L O I  ( @500 ) 0 . 09 0 . 09 0 . 07 0 . 1 0  0 . 1 0 

X L O I  ( @500 ) 1 . 60 1 . 99 1 . 68 2 . 1 2 1 . 9 1  

AVG . X LO I ( @500 ) 1 . 83 

VAR I ANCE 0 . 03 

S T D . DEV 0 . 19 

CRUC I BL E  +· ASH ( POST ) 1 9 . 3654 1 8 . 3944 1 7 . 6 1 1 4 18 . 2983 1 8 . 5707 

ASH ( POST I GN )  5 . 20 4 . 43 3 . 82 4 . 32 4 . 93 

L O I  ( @9 0 0 )  0 . 2 1 0 . 1 8  0 . 1 5 0 . 1 8 0 . 1 9 

X L O I  ( @900 ) 3 . 89 3 . 84 3 . 66 4 . 05 3 . 76 

AVG . X L O I  ( @900 ) 3 . 9 1 

VAR I ANCE 0 . 06 

STD . DEV . 0 . 2 5 

• 

W6 W7 W8 

1 3 . 88 1 3 . 7 1 86 1 3 . 882 

1 9 . 67 3 1  18 . 83 3 1  19 . 2 1 1  

5 . 79 5 . 1 1  5 . 33 

19 . 5552 1 8 . 7476  1 9  . 1 046 

5 . 68 5 . 03 5 . 22 

0 . 1 2 0 . 09 0 . 1 1  

2 . 04 1 . 67 2 . 00 

1 9 . 4201  1 8 . 6532 19 . 01 

5 . 54 4 . 93 5 . 1 3 

0 . 2 5 0 . 1 8 0 . 20 

4 . 37 3 . 52 3 .  77  

• 

W9 

1 4 . 0202 

1 8 . 5563 

4 . 54 

1 8 . 4778  

4 . 46 

0 . 08 

1 .  73 

1 8 . 36 1 2  

4 . 34 

0 . 20 

4 . 30 

W l O  

50 . 2386 

64 . 32 

1 4 . 08 

64 . 0927  

1 3 . 85 

0 . 23 

1 . 6 1 

63 . 766 

1 3 . 53 

0 . 55 

3 . 93 

• • • 

w 
w 
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Sect i on 4 

PROCTOR FABR I CAT I ON 

I NTRODUCT I ON 

The proctor fabr i c at i on stage  of  th i s  proj ect  dea l t wi th  four maj or 

t a s ks : 

I n i t i a l res earc h  and devel opment o f  proctor fabr i c at i on 

techn i ques . 

Determ i nat i on o f  opt i mum water content for mak i ng  

proctors . 

Product i on o f  test  proctors for a l l o f  t he  

m i x types  s t ud i ed . 

Compar i son of  proctor compre s s i ve strengths  i n  order to 

s e l ect opt i mum m i xes . 

I n  order  to  accompl i s h t hese  tasks the  fol l owi ng types  of  equ i pment  

were u sed . Proctor compact i on was  done  wi th  a So i l  Tes t , I nc . mode l  

CN - 4230  Mech an i cal  Compactor equ i pped w i th  a 4 i nc h  repl acement mol d ,  So i l  

Tes t  model  CN -4230 - 1 00 .  Mol d d i men s i ons  were 4 . 6  i nches  h e i ght  by 4 . 0  

i nches  d i ameter for a vol ume o f  1/30 cub i c foot . The mechan i cal  compactor 

perm i tted operator s e l ect i on o f  e i ther a 5 . 5  or 1 0  pound , 2 i nch  d i ameter 

c i rcul ar face rammer as  wel l a s  a 12  or 1 8  i nc h  drop h e i g h t . Hot Pack 

Corporat i on mode l  4 3 53 0 0  Bench  Top Steady- State Humi d i ty Ch ambers were 

u sed for accel erated cures  at d i fferent temperature and 98 - 1 00  % 
rel at i ve l y  h um i d i ty .  Compress i ve strength test i ng was performed u s i ng a 

Model  FS 1 6 0  R i e h l e Un i versal  Test i ng Mach i ne wh i ch con formed wi t h  

ANS I/ASTM C39 - 72 standards . 
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ADD I T I VES  

Add i t i ve s  s uch  a s  sod i um carbonate ( N a2co
3

} ,  l i me ( Ca (OH ) 2 } ,  c a l c i um 

s u l fate ( C aso4 . 2H20 )  and  Port l and cement ( type 1 )  were u sed i n  t h i s study . 

These add i t i ve s  were obt a i ned from F i sher  Sc i ent i f i c ,  I n c . except Portland 

cement  wh i ch was  s upp l i ed from l oca l  suppl i er .  

Accord i ng t o  F i s her  Sc i en t i f i c ,  I nc . 1 983 , Na2co
3 

( F i s her CERT I F I ED )  

used  i n  t h i s  s tudy cont a i n s  on l y  0 . 0 1%  i n so l ub l e matters and 0 . 005% silica 

( S i 02 } ,  0 . 003% s u l fur compounds ( S0
4

) ,  0 . 0 1% ca l c i um and magnes i um ppt , 

and 0 . 5  ppm h eavy met a l s ( as Pb ) . For C a ( OH ) 2 ( F i s her  CERT I F I ED ) , i t  

s hows 0 . 03% i n so l ubl e i n  hydroch l or i c ac i d  and conta i ns 0 . 1% s u l fur 

compounds  ( S04 } ,  1 . 0% magnes i um and a l kal i s a l t s , and  0 . 003% heavy meta l s 

( a s Pb ) . F i s h e r  C E RT I F I ED gyps um ( Caso4 . 2H20)  was u sed i n  t h i s  study . 

Port l and cement  ( de s i gn ated as  type 1 by the  ASTM ) i s  t h e  most  i mport ant 

of the i norgan i c  cement i ng mater i al s  by far . There are t hree predomi nant  

compounds  i n  common  port l and cement , i . e . , d i c al c i um s i l i cate ( 2CaO · S i 02 ) ,  

tr i ca l c i um s i l i c ate ( 3C aO · S i 02 } ,  and Tri cal c i um a l umi n ate  ( 3CaO · Al
2

o
3

) .  

FABR I CAT I ON TECHN I QUES  

ASTM 0698- 78 pro v i ded g u i del i nes  for  proctor  fabr i c at i on techn i ques . 

These  cond i t i on s  i n  general  requ i re the  compact i on of  the  s amp l e u s i ng :  

- a 5 . 5  pound rammer fal l i ng a d i stance  of  1 2  i nches , 

- 3 compact i on s  of  mater i a l  per proctor , 

- a total  of 7 5  compact i ons  per  proctor . 

The  appropr i ate  components  of  a test  m i xture were m i xed on  a we i ght 

bas i s and  i n  the sequence : i nc i nerat i on wastes ( fi rst } , c a l c i um 

3 5  
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hyd rox i de ( l i me ) , add i t i ve s  ( c ement , gypsum ,  sod i um carbonate ) and  w a t e r  

( l a s t ) . Hand  m i x i ng was used  to  d i str i bute the  mater i al s as  they were 

added . Aft e r  t horoug h l y  m i x i ng the dry components , water  was added to t h e  

mi x a n d  v i gorou s l y  s t i rred to  ach i eve a un i form d i str i but i on .  I n  some 

c a s e s  add i t i ona l  water was added to the  m i x  pr i or to fi na l  h and m i x i ng .  

S u b s amp l e s  o f  the  wet m i x were taken i n  order to  determ i ne  the  total  

mo i s t ure content pr i or  to  compac t i on �nd cur i ng . Pr i or to m i x i ng 

part i c l e s l arger  the  0 . 75 i n  were screened out . 

The ASTM 0698 method was used for proctor fabr i c at i on .  Approx i mate l y  

6 0 0  g rams o f  m i x were p l aced i n  a mol d and a 5 . 5  pound rammer was dropped 

twen ty fi ve  t i mes  from a h e i ght  of 12 i nches . Between each drop the mo l d 

was automat i ca l l y  rotated 36  i n  order to ass ure un i form compact i on of  the  

proctor s u rface . A s econd 600 gram port i on of  m i x was added to the  mol d 

and t h e  proc e s s  repeated . After add i t i on and compact i on of a th i rd 600 

gram s ampl e ,  the exten s i on col l ar of  the  mol d was removed . The proctors 

s urface was t r i mmed and l evel ed pr i or to we i gh t i ng .  After extrus i on from 

t he  mol d ,  t h e  proctor was ready for curi ng . 

Three c u r i ng temperatu res  were stud i ed .  Amb i ent  ( approx i mate l y  

23 ° C ) , 49 ° C  a n d  7 1 ° C .  Proctors cured a t  23 ° C  i n  a i r were wrapped i n  1 ml 

t h i c k  p l ast i c bag s to  prevent premature dehydrat i on .  These  sampl es  were 

a i r cured for i nterva l s of  7 ,  1 4  and 2 1  days . The accel erated cures at 

49 ° C  and 7 1 ° C  were performed i n  control l ed humi d i ty c h ambers for two t i me 

i nterval s ,  2 4  and 72  hr  • 

After cur i ng , proctors were perm i tted to cool  to room temperature or  

were removed from the  doubl e wrapped p l ast i c bag s . The i r  we i ght , h e i ght , 

d i ameter and phys i cal  appearance were recorded pr i or to  unconfi ned  

compres s i ve strength test i ng .  

Cured p roctors were tested for unconf i ned compre s s i ve strength on a 

Mod e l  FS 1 60 R i eh l e Un i versal  Test i ng Mach i ne .  The FS 1 60 was equ i pped w i t h  

a 7 i nch d i ameter se l f- a l i gn i ng compre s s i ve head a n d  spher i cal  s e a t  wh i ch 

con forms to  t h e  requ i rements  of  ANS I/ASTM C39 - 7 2 , " Standard 
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Met h o d s  for Compre s s i ve Strength  Test i ng o f  Cyl i nd r i ca l  Concrete 

Spec i me n s " .  The  rate of  l oad i ng was 3200 pounds per  second . The tota l  

l oad w i t h stood dur i ng test i ng was  d i v i ded by t h e  cro s s  sect i ona l  area of  

t h e  proctor to  cal c u l ate uncon fi ned compre s s i ve strength  i n  pound s per  

squ are i n ch . 

DETERM I NAT I ON OF  TH E OPT I MUM M I X  

T h e  f i rst  formu l at i on of  p roctors were fabr i c ated u s i ng l i me port l and 

cemen t  and sod i um carbonate , t h ree  add i t i ve s  t h at were s h own i n  pr i or 

i nv e s t i g at i ons  to  enhance  stab i l i zat i on .  Wh i l e  ho l d i ng rel at i vel y 

con s t an t  the  concentrat i on s  of  i nc i nerator res i due  and add i t i ves , mo i sture 

content  was al tered between  1 3  and 25% for the  t h ree  d i fferent  res i dues . 

Fol l ow i ng  compact i on ,  t h e  proctors were s ubd i v i ded i nt o  t h ree groups  and 

each  group cured at d i fferent temperatures [ 49 ° C ,  7 1 ° C ,  and a i r ( 23 ° C ) ] .  

The  d urat i on of  t he  cure was a l s o  a l tered for each  o f  t h e  groups . For the  

proctors  be i ng cured  at e l evated temperature s , cur i ng  t i me was  e i ther  24  

or  7 2  hours . For the  a i r cured s ampl es , t he  cur i ng  t i me was e i ther  1 68 ,  

3 3 6  or  504  hours  ( 7 ,  1 4  or  2 1  days ) . The  data  i n  Tabl e s  4 . 1  and F i gures 

4 . 1 - 4 . 3 , i n  concert w i t h  the deta i l ed fabr i cat i on i nformat i on found i n  

Append i xe s  A ,  B and C reveal s t h e  fol l ow i ng i nformat i on :  

a )  Hunt i ngton res i due  produced proctor s ampl e s  h av i ng the  

l owes t  compre s s i ve strength ,  

b )  i n  order to  a c h i eve  a max i mum compre s s i ve streng t h , a s  

t h e  part i c l e  s i ze o f  t h e  res i due  i ncreased , mo i s ture content 

a l s o  i ncreased 

c)  i ncreased cur i ng t i me res u l ted i n  i mproved structural  

i ntegri ty ,  

d )  proctors fabr i cated u s i ng Westchester  res i due  y i e l d  the  

h i g h e s t  den s i ty ,  wh i l e  New York C i ty s amp l e s  exh i b i ted  the  

best  compre s s i ve s t rength .  

The  e ffects  of  i ncre a s i ng the  l i me concentrat i on was exami ned by 

fabr i c at i ng a ser i e s  of  proctor s amp l e s  h av i ng a 9% l i me content . 
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T a b l e 4 . 1 .  Res u l t s  of  proctor fabr i cat i on u s i ng 
6% l i me , 3% cement , 0 . 5% Na

2
co

3 
. 

• 
N EW YORK C I TY I NC I N ERAT I ON ASH 

PROCTOR I . D .  CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

• 
CA 1 7  1 8 . 6  438 - 875  
C B  1 9  1 9 . 4  458  - 1 1 34 
cc 2 1  22 . 1  6 0 1  - 903 
CD 23 22 . 2  430  - 688 
C E  2 4  23 . 6  386 - 637  

• 

WESTCHESTER I N C I N ERAT I ON ASH 

PROCTOR I . D .  CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

• 
WA 1 7  1 7  2 5 1  - 446  
WB 1 5  1 4 . 8  394  - 533 
WC 1 3  1 3  1 6 1  - 5 2 1  
WO 1 1  1 1 .  5 84 - 4 1 4  
WE  19  1 9 . 5  1 3 9  - 3 98 

• 

HUNT I NGTON I NC I NERAT I ON ASH 

PROCTOR I . D .  CALC . MEAS . COMPRESS I V E  
• MO I STURE MO I STURE STRENGTH 

HA 1 8  2 1 . 5  1 1 5  - 254  
HB  22  23 . 7  96 - 2 1 7  
HC 24 25 . 1  6 2  - 1 83 
HL  20  2 1 . 6  203 - 386 
HM 1 8  1 9 . 2  2 1 9  - 3 1 4  

• HN 1 6  1 8 . 8  2 1 9  - 330  
HO  1 4 . 6  1 6 . 3  1 7 1  - 235  

• 

• 
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Tabl e 4 . 2  and F i gures  4 . 4  - 4 . 6  i l l u s trates that l i tt l e benef i t wi th  

re spect  to t h e  structural  i nteg r i ty i s  real i zed by i ncreas i ng l i me 

concentrat i on .  New York C i ty and Hunt i ngton proctor s ampl es  exh i b i ted a 

dec l i ne i n  compre s s i ve strength and on l y a s l i g ht  i ncrease  i n  strength  w a s 

noted  for the  Westchester s ampl e s . I n  a l l cases  i ncre as i ng the  l i me 

content  d i d  not a l ter the  pH of the  m i x . I t  can be concl uded that  l i me 

content  i n  exces s  of 6% offers no s i gn i fi cant structural  i mprovement . 

Sod i um c arbonate {Na
2

co
3

} ,  was u sed i n  t h i s res earch for pr i or 

i nve s t i gat i o n s  by Harder et a l . ,  1 98 1 , V i ncent et a l . ,  1 9 6 1  and Roethel  et 

a l . ,  1 985 has shown t h at t h i s  add i t i ve accel erates  the strength g a i n of  

var i o u s  coal  a s h  m i x des i gn s . Th i s  i nvest i g at i on reveal s that  sod i um 

c arbonate h a s  no effect on the  compre s s i ve strength  of stab i l i zed _ 

i nc i n erat i on a s h  s ampl es . Tabl e 4 . 3  and F i gures  4 . 7  - 4 . 9  i nd i cates  t h at  

New  York  C i ty s ampl es  w i thout  sod i um carbon ate exh i b i t  a s l i ght  i ncrease  

i n  s t rength  . 

Portl and cement ( type 1 )  was added to  the  m i x des i gn and y i e l ded 

proctor  s amp l e s  h av i ng the  h i ghest  compre s s i ve strength . Sampl es  

fab r i cated u s i ng Westchester res i due  1nd  1 5% cement ach i eved a compres s i ve  

strength of  1 592  p s i . Unfortun atel y by t h i s  t i me we were u s i ng the  second 

batch  of  New York C i ty fl y ash wh i ch posses sed propert i es t h at 

s i gn i fi cantl y reduced the  structural i ntegri ty of  the  s ampl es . Strengths  

mea s u red for the  New York  C i ty s ampl e s  reached 400  p s i , s i gn i fi cantl y 

l ower t h an e arl i er s ampl es  though  s t i l l  acceptabl e for mar i ne  d i sposa l  . 

Dat a perta i n i ng to  th i s  m i x  des i gn i s  presented i n  Tabl e 4 . 4  a l ong wi th  

F i g u res  4 . 1 0 - 4 . 1 2 .  

One of the  poss i bl e  reasons the  proctors fabr i c ated u s i ng second 

bat c h  of  New York C i ty fl y ash fa i l ed to ach i eve a h i gher  compre s s i ve 

strength  was the s i gn i fi cant l y  l ower pH of the  a sh . In an attempt to 

i mprove the compress i ve strength a ser i es  of  proctors were fabri cated wi th  

1 5% c ement and  4% l i me . Wh i l e  the  l i me d i d  e l evate the  pH  o f  these 

s ampl e s , no  s i gn i fi cant i mprovement i n  compress i ve  strength  was obta i ned . 

Tabl e 4 . 5  and F i gure 4 . 1 3 presents  t he  data  obt a i ned from t h i s  

i nv e s t i g at i on .  
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Tabl e 4 . 2 .  Res u l t s  o f  proctor fabr i c at i on us i ng 
9% l i me , 3% cement ,  0 . 5% Na2co

3 
. 

N EW YORK C I TY I NC I NERAT I ON ASH 

PROCTOR I . D .  CALC . MEAS . 
MO I STURE 

COMPRESS I V E  
STRENGTH 

C F  
CG  
CH 
C I  

PROCTOR I . D .  

WF 
WG 
WH 

PROCTOR I . D .  

HD 
H E  
HH 
HJ 
HK 
H I  

MO I STURE 

1 7  
1 9  
2 1  
23 

1 5 . 9  
1 8 . 0  
20 . 3  
2 1 . 9  

386 - 625  
489  - 780 
637 - 949 
450  - 844 

WESTCHESTER  I NC I N ERAT I ON ASH 

CALC . MEAS . COMPRESS I VE  
MO I STURE MO I STURE STRENGTH 

1 7  1 7  . 9  1 83 - 454  
1 5  1 6 . 2  5 1 7  - 688 
1 3  1 4 . 7  269 - 645  

HUNT I NGTON I NC I N ERAT I ON ASH 

CALC . M EAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

2 0  23 . 4  68 - 255  
2 2 27 . 4  80 - 1 4 7  
2 2  2 5 . 0  76  - 247  
1 8  2 1 . 9  1 67 - 3 1 8  
1 6  20 . 2  1 7 1  - 285 
20  24 . 2  1 1 9  - 3 1 8  

4 3  
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Tabl e 4 . 3 .  Re s u l t s  of  proctor fabr i c at i on u s i ng 
6% l i me , 3% cement . 

N EW YORK C I TY I N C I N E RAT I ON ASH 

PROCTOR 1 . 0 .  CALC . 
MO I STURE 

CJ 1 5  
CK  1 7  
C L  1 9  
CM 2 1  
CN  23  

MEAS . 
MO I STURE 

1 5 . 4  
1 7 . 4  
1 8 . 4  
20 . 5  
2 2 . 9  

COMPRESS I V E  
STRENGTH 

537 - 1 1 2 2 
557  - 1 1 94 
454 - 955  
3 1 2  - 89 1 
1 57 - 660  

WESTCHESTER I NC I N E RAT I ON ASH 

PROCTOR 1 . 0 .  CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

W I  1 7  1 6 . 3  1 9 9  - 450  
WJ  1 5  1 4 . 9  2 1 7  - 4 1 0  
WK 1 3  1 4 . 5  287  - 454  
WR  1 1  1 0 . 5  1 0 1  - 398 

HUNT I NGTON I NC I NERAT I ON ASH 

PROCTOR 1 . 0 .  CALC . 

HP  
HQ  
HR 
HS 

MO I STURE 

1 6  
1 8  
2 0  
2 2  

MEAS . 
MO I STURE 

1 7 . 2  
2 1 . 7 
2 2 . 0  
2 4 . 2  

COMPRES S I V E  
STRENGTH 

1 7 5  - 23 1 
2 1 9  - 306  
1 63 - 3 1 4  
9 2  - 23 1 
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Tabl e 4 . 4 .  Re s u l t s  o f  proctor fabri cat i on u s i ng 
1 5% cement  . 

N EW YORK C I TY I NC I NERAT I ON ASH* 

PROCTOR I . D .  CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

CQ 1 5  1 4 . 4  2 5 1  - 3 98 
C R  1 7  1 6 . 0  1 9 7  - 292  
c s  1 9  1 8 . 2  1 1 9 - 247  
CT 2 1  20 . 4 1 1 9 - 2 1 1 
C Y  2 3  22 . 4  88 - 390  

HUNT I N GTON I NC I N ERAT I ON ASH 

PROCTOR I . D .  CALC . M EAS . COM PRESS I V E  
MO I STURE MO I STURE STRENGTH 

HX 2 0  23 . 8  235  - 6 1 1 
H Y  1 8  2 2 . 1  330  - 569  
HZ 1 6  1 9 . 1 3 2 2  - 4 6 6  

WESTCHESTER  I NC I NERAT ION  ASH 

PROCTOR I . D .  CALC . MEAS . COMPRESSI V E  
MO I STURE MO I STURE  STRENGTH 

WO 1 3  1 2 . 3  462  - 8 1 6  
WP  1 5  1 4  

·
. 1  5 1 3  - 1 2 4 1  

WQ 1 7  1 6 . 2  736 - 1 3 7 7  
WT 1 9  1 8 . 0  593 - 1 59 2  

e * Repre sents  a s h  col l ected on  a s econd v i s i t  to  the  fac i l i ty . 

• 

• 
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Tabl e 4 . 5 .  Re s u l t s  of  proctor fabri cat i on u s i ng 
4% l i me , 1 5% cement . 

N EW YORK C I TY I NC I NERAT I ON ASH* 

PROCTOR I . D .  CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

CZ 1 9  1 7  . 9  2 1 1 - 382 
CAA 2 1  1 9 . 1  1 7 1  - 267 
CAB 23 2 1 . 3  1 6 7  - 263 
CAC 2 5  23 . 5  1 1 1  - 249  
CAD 29  27 . 2  80 - 207  
CAE 3 1  29 . 8  24 - 1 9 5  

* Represents  a s h  co l l ected on a second v i s i t  to  the  fac i l i ty .  
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Pr i or i nvest i g at i o n s  w i t h  coa l  a s h  has  shown that smal l amounts  o f  

gyp s um ( Caso
4

. 2H
2

0 )  can  s i gn i f i cantl y i mprove compre s s i ve strength . A 

ser i e s  of  proctor s ampl e s  were fabr i cated us i ng al l three ashes  and 6% 

l i me , 6% gyp s um and 3% cement .  S i gn i fi cant deteri orat i on i n  the  

structura l  i nteg r i ty of  the  s ampl e s  was  observed . Tabl e 4 . 6  and  F i gure s  

4 . 1 4 - 4 . 1 6 i nd i cates  t h at n o n e  of  t h e  s ampl es  ach i eved a strength  o f  3 0 0  

ps i , t he  m i n i mum strength  we  accept for mar i ne d i sposal  . 

GRAV E L  ADD I T I ONS 

The effects  o f  add i ng smal l amounts  of  natura l  aggregates  to the  

structural  i nteg r i ty of  the  proctor s amp l es  was  exam i ned . Two m ix  des i g n s  

were fabr i c ated ; for both , Westchester res i due and 1 53 Port l and cement 

were added . For  one  m i x des i gn 1 5% of the  total we i gh t  was represented by 

gravel  s i zed aggreg ate . Proctor s i zed samp l es  of  both m i x de s i gns  were 

fabr i c ated fol l ow i ng  the s ame procedures descr i bed above . Once 

fabr i c ated , the proctors were p l aced i n  constant temperature and humi d i ty 

chambers for 24  h .  They were then removed and a l l owed to  a i r dry for a 

per i od of  four  d ays after wh i ch the i r compres s i ve strength was tested . 

Res u l t s  are s hown i n  Tabl e 4 . 7 .  Strengths  for the  gravel  add i t i on 

proctors  ranged from a 03 to 1 00% i ncrease  over bl ocks of  the  same a s h  and 

c ure reg i me w i t h  no  gravel  add i t i on .  Opt i mum strength was ach i eved w i th  

1 5% grave l  and 1 1% water , a decrease  from the  1 6% water  u sed i n  opt i mum 

m i xes  w i thout  gravel  . 

Undoubted l y  add i t i on of  gravel prov i des  i ncreased strength w i t h  l ower 

opt i mum mo i sture content for the s ame m i x and cure cond i t i on s . Th i s  wou l d 

be expected s i nce the  stone that i s  added has  a h i gher  strength  and nearl y 

zero mo i sture content per un i t  vol ume . I n  add i t i on ,  a greater percentage 

o f  t h e  added cement  i s  i ncorporated w i th  the decreased ash fract i on of the  

bl ock  a s  the  rel at i ve vol ume of  the  added gravel  i ncreases . Th i s  resu l ts  

i n  better cementat i on of  the  a s h  wh i ch i n  part account s for the  enh anced 

structura l  i ntegri ty . 
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Tab l e 4 . 6 .  Re s u l t s  of  proctor fabr i cat i on u s i ng 
6% l i me , 3% cement , 6% CaS0

4
· 2H

2
o . 

N EW YORK C I TY I NC I N ERAT I ON ASH 

PROCTOR I . D .  CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

cu 1 7 1 6 . 5  1 1 5 - 1 99 
CV 1 9  1 8 . 5  1 43 - 2 5 1  
cw 2 1  20 . 9  1 3 5  - 2 1 9  
ex 23 22 . 8  1 83 - 243 

HUNT I NGTON I NC I N E RAT I ON ASH 

PROCTOR I . D .  CALC . MEAS . COMPRES S I V E  
MO I STURE MO I STURE STRENGTH 

HT 2 0  2 1 . 0  1 99 - 294  
HU 22  2 1 . 0  1 79 - 239  
HV  24  25 . 6  1 4 7  - 1 99 
HW 1 7 1 9 . 9  1 9 1  - 286 

HAA 1 6  1 6 . 2  2 03 - 2 7 7  
HAB 1 8  20 . 4  235  - 348 
HAC 20  2 1 . 3  1 83 - 286 

WESTCHESTER I NC I NERAT I ON ASH 

PROCTOR I . D . CALC . MEAS . COMPRESS I V E  
MO I STURE MO I STURE STRENGTH 

WL 1 3  1 2 . 8  0 - 23 1 
WM 1 5  1 4 . 5  0 - 2 1 7  
WN 1 7  1 6 . 1  0 - 2 5 5  
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Tabl e 4 . 7 .  Re s u l t s  o f  proctor fabri cat i on u s i ng  g rave l  add i t i on s . 

WESTCHESTER PROCTOR STRENGTHS W I THOUT GRAVEL  

PROCTOR I . D .  W03 WP3 WQ3 WT3 

I NC I N E RAT I ON RES I DU E  (%)  72  70  68 66  
C EM ENT (%)  1 5  1 5  1 5  1 5  
CALC . MO I STURE  (%)  13  1 5  1 7  1 9  
MEAS . MO I STURE  (%)  1 3  1 4  1 6  1 9  
G RAV E L  (%)  0 0 0 0 

COMPRESS I V E  STRENGTH ( p s i ) 462 585 736 593 

WESTCH ESTER PROCTOR STRENGTHS W I TH GRAV EL  

PROCTOR I . D .  WEG  WFG  WDG WBG 

I NC I NERAT I ON RES I DU E  (%)  59 58 56  61  
C EM ENT (%)  1 5  1 5  1 5  1 5  
CALC . MO I STURE  (%)  1 1  1 3  1 5  1 7* 
MEAS . MO I STURE  (%)  1 1  1 4  1 6  9 
G RAV E L  (%)  1 5  1 4  1 4  7 

COMPRESS I V E  STRENGTH ( p s i ) 1 029 ( ± 1 4 )  752 ( ±28 )  736 (±24 ) 5 1 1  ( ±26 ) 

* 
Val ue  l ower t h an ca l cu l ated due  to a l arge percentage  of  gravel  i n  
t h e  mo i s t u re s ampl e .  
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FULL  SCALE  P RODUCT I ON OF  TEST PROCTORS 

Hav i ng deve l oped methods  for fabr i c at i ng proctors of acceptabl e 

qua l i ty ,  t h e  next t a s k  was to beg i n  fu l l scal e prod uct i on of test  proctors  

to be  u sed i n  t he  second phase  of th i s  i nvest i gat i on .  Th i rty proctor 

s i zed cyl i nders  of  each res i due  were fi xated w i t h  1 5% Port l and cement . 

Tabl e 4 . 8  descr i bes the  m i x des i gn and proctor cur i ng cond i t i on s  for each  

res i due  exam i ned and the  resu l t i ng compres s i ve strength  measured for t hree 

randoml y se l ected s ampl es . Al l three  so l i d i f i ed s ampl es  are presented i n  

F i g u re 4 . 1 7 .  

These  m i xes  w i l l  be subj ected to  add i t i ona l  phys i ca l  and chemi ca l  

tests  i nc l ud i ng permeab i l i ty ,  poros i ty ,  ASTM and E PA l each ate  tests , bu l k 

chemi ca l  compos i t i on and x - ray d i ffract i on . 
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Tabl e 4 . 8 .  Formul at i on of  the  opt i mum m i xes . 

RES I DU E  N EW YORK C I TY* HUNT I NGTON 

I NC I N E RAT I ON RES I DU E  (%)  62 67  

C EMENT (% )  1 5  1 5  

MO I STURE (%)  23 1 8  

CUR I NG TEMPERATURE 
( O

C ) 49  AIR  ( 23 )  

CUR I NG T I M E  ( h )  72 1 68 

COMPRES S I V E  STRENGTH ( p s i ) 228 ( ±43 ) 455 ( ±5 1 ) 

64  

WESTCH ESTER  

68  

1 5  

1 7  

49  

24  

1 230 ( ± 5 9 )  
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F i gure 4 . 1 7 .  So l i d i f i ed proctors of the  thre e  opt i mum m i x e s . 

a )  Sta b i l i zed Hunt i ngton I n c i nerat i on Res i d ue  

b )  Stab i l i zed New York C i ty I n c i nerat i on As h 

c )  Sta b i l i zed We stchester  I n c i nerat i on Re s i due  
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a )  
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b) 
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c)  
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Sect i on 5 

PHYS I CAL  CHARACTE R I ZAT I ON OF  THE STAB I L I Z ED RES I DU E  

Poro s i ty 

Poro s i ty of  t he  opt i mum m i xe s was determi ned i n  accord ance wi t h  ASTM 

C64 2 - 82 " Stand ard Te st  Method for Spec i f i c  Grav i ty ,  Absorpt i on and Vo i d s 

i n  Hardened  Concrete " .  Bl ocks were sect i oned i nto three  equa l  l ayers -

top , m i ddl e ,  and bottom , w i t h  t he  m i dd l e l ayer reserved for the  poros i ty 

st udy and t h e  end sect i on s  u sed i n  the  perme ab i l i ty i nvest i g at i on .  

Spec i f i c  grav i ty ,  % absorpt i on and % vo i d s were ca l c u l ated u s i ng t he  

fo l l ow i ng  equat i on s : 

Where : 

Absorpt i on after i mmers i on ,  % = [ ( B -A )/A]  * 1 00 

Absorpt i on after i mmers i on 
and bo i l i ng ,  % = [ ( C -A )/A]  * 1 00 

Bul k spec i f i c  grav i ty ,  d ry = A/ ( C - D )  

Bu l k spec i fi c  grav i ty after 
i mmers i on = B/ ( C - D )  

Bu l k spec i f i c  grav i ty after 
i mmers i on and bo i l i ng 

Apparent spec i f i c  grav i ty 

Vol ume of permeabl e pore 
space  ( vo i ds ) , % 

· 

= C/ ( C - D )  

= A/ ( A - 0 )  

= [ ( C -A) / ( C - 0 ) ] * 1 00 

A = We i ght  ( i n  a i r )  of  oven - dr i ed s ampl e ;  g rams 

B = We i ght  ( i n  a i r )  of s amp l e after i mmers i on ;  grams 

C = We i ght  ( i n  a i r )  of  s amp l e after i mmers i on 
and bo i l i ng ;  g rams 

D = We i ght  ( i n  water )  of s ampl e after i mmers i on 
and b o i l i ng ; grams 

6 7  



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

S amp l e s  were oven - d r i ed at  1 00 ± 5 ° C  for 24 h ,  t h en  removed and  

a l l owed to  coo l  to a room temperature of 20 ° C  i n  a de s i ccat i ng c h amber , 

t h e n  we i g hed . Th i s  procedure was  repeated unt i l  c heck  we i g h t s  were 

obt a i ned , i . e .  a d i fference l es s  t h an . 5% of  the l e s ser we i g ht  ex i s t s  

between  t h e  two mea s urements ; approx i mate l y  4 8  h .  Saturated we i g ht  was  

obt a i ned  by p l ac i ng the  b l ocks i nto water at room temperature for 24 h 

i ncrement s . Bl ocks  were then  removed from the  water  and towel -dr i ed to  

e l i m i n ate  any s u rface mo i s ture and we i ghed . Th i s  procedu re was  repeated 

unt i l c h e c k  we i gh t s  were obta i ned s h ow i ng an i ncre a s e  no  greater t h an . 5% 

of  t h e  h e av i er we i ght ; approx i matel y 72  h .  Next t he  bl ock  was bo i l ed i n  

tap  water for 5 h and a l l owed to  cool for 24  h to  room temperature . 

Surface mo i s ture was removed w i t h  a towel and the  s ampl e we i g hed . 

F i n a l l y ,  t h e  b l ock was s u s pended from a monofi l ament  l i ne  and we i ghed i n  

wate r . 

Res u l ts  from ASTM C642 - 82 test  can be found i n  Tabl e 5 . 1 and the  

res u l t s  o f  the  ca l cu l at i on s  for  spec i f i c  grav i ty ,  absorpt i on and  vo i ds can  

be found  i n  Tabl e 5 . 2 .  The  vol ume of  permeabl e pore  s pace ranged from 

3 5 . 7 7% to 4 7 . 9 2% .  C i ty b l ock  s ampl es  h ad t h e  h i g hest  amount  of  pore space  

averag i ng 4 7 . 5% .  Th i s  va l ue was approx i matel y  7 . 7% greater  than  

Hunt i ngton b l ocks and 1 0 . 8% greater  than Westchester  bl ocks  . 

The  p e rcent  pore space  i n  t h e  opt i mum m i x b l ocks  prov i des  an 

i nd i c at i on  o f  the  extent t o  wh i ch cement i t i ou s  crysta l s h ave perme ated t h e  

vo i d  s p a c e  between a s h  part i c l es .  These  resu l t s  paral l el the  compre s s i v e  

strength  v a l ue s  of  the  opt i mum m i x bl ocks . Westchester  a s h  b l ocks  h ave  

t he  h i g h e s t  compre s s i ve  strength  and l owest  percent pore  s p ace wh i l e  the  

C i ty a s h  b l ocks  h ave  t he  l owest  strength and  h i ghest  percent pore space . 

Permeab i l i ty 

Permeab i l i ty of  the  opt i mum m i xes  was determ i ned  by t h e  Darcy 

fal l i ng - head  method { H arder  et !]_ . , 1 98 1 } s hown i n  F i gure  5 . 1 .  The 

proctors were cut i nto  three  equa l  sect i on s  approx i matel y 1 . 5 i nches i n  

he i gh t  w i t h  t h e  top and bottom l ayers be i ng u sed for t h e  perme ab i l i ty 

study . T h e  sect i on s  were g round w i t h  s and paper to  reduce  t he i r  d i ameter 
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Tabl e 5 . 1 .  Measured  va l ues  for ASTM C642 -82 : Te st  for spec i f i c  
grav i ty ,  % absorpt i on and % vo i ds of  opt i mum m i xe s . 

A B c D 
Saturated Satu rated 

Ori g i n a l  Oven  Dr i ed Wt . After Wt . After Immersed 
Proctor We i g ht  We i ght I mmers i on Bo i l i ng We i g ht  
Number ( g )  ( g )  ( g )  ( g )  ( g )  

COE5 395 . 7 5 370 . 50 497 . 54 5 1 1 . 00  2 1 4 . 4 5 
co c s  385 . 37 364 . 53 508 . 1 9 5 1 1 .  90 204 . 35 

HAS 494 . 93 475 . 93 573 . 04 593 . 80 287 . 85 
HC3 456 . 84 439 . 60 535 . 27 556 . 70 265 . 8 1 

WAB5  527 . 55 502 . 97 59 1 . 9 7  6 1 5 . 04 3 0 1 . 70  
WAD I 498 . 23 474 . 83 564 . 1 3 586 . 55 285 . 92 

a .  Al l proctors are m i ddl e port i on s . 
b .  Tota l  n umber o f  hours  dr i ed for Oven Dr i ed We i gh t  equa l  48 . 
c .  Tot a l  n umber o f  hours  soaked for Saturated We i ght  equa l  7 2 . 
d .  Tot a l  n umber o f  hours  bo i l ed equa l  5 . 

6 9  
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Tab l e 5 . 2 .  A s ummary of  spec i fi c  grav i ty ,  % absorpt i on and % vo i d s 
for o p t i mum m i xes : ASTM C64 2 - 82 . 

• Absorpt i on Bu l k s p . Vol . o f  
after  Bul k Grav i ty Permeab l e 

Absorpt i on I mmers i on Bul k Spec i f i c  after  Pore 
after and Spec i f i c  Grav i ty I mmers i on Apparent Space  

Proctor  I mmers i on Bo i l i ng Grav i ty ,  after and Spec i fi c  { Vo i d s )  
N umber {%)  {%) Dry Immers i on Bo i l i ng Grav i ty {% )  

• 
COE5 34  38 1 . 2 5  1 . 68 1 .  7 2  2 . 3 7 4 7 . 38 
cocs 39 40  1 . 1 9 1 . 6 5  1 . 66 2 . 28 47 . 9 2 
HAS 2 0  2 5 1 . 56 1 . 87 1 . 94 2 . 53 38 . 53 
HC3 2 2  2 7  1 .  5 1  1 . 84 1 . 9 1  2 . 53 40 . 26 
WABS  18  22  1 . 6 1  1 . 89 1 . 96 2 . 50 3 5 .  7 7  

• WAD I 1 9  2 4  1 . 58 1 . 88 1 .  9 5  2 . 5 1 3 7  . 1 6 
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• 

• 

• 

• 

• 
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to  f i t i n s i de of a 4 i nch  i . d .  PVC p i pe .  Each  sect i on was d u s ted w i th  

compre s s ed a i r  to remove any adher i ng 

s and i ng and c u tt i ng  of  the proctors . 

t h e  base  of  a 1 foot h i g h tran s l ucent  

dust  part i c l e s  res u l t i ng from the  

Each  spec i men was then  epox i ed i n to 

PVC p i pe w i th  PC · 7  epoxy . A PVC 

threaded mal e co l l ar was cemented to the bottom of  the co l umn and a PVC 

end  cap fi tted w i t h  a nyl on hose  n i pp l e was threaded onto  t he  mal e col l ar .  

E l utr i ates  from t he  permeab i l i ty col umn pas sed t hrough  t he  nyl on n i pp l e ,  

t h rough  a l ength  o f  Tygon tub i ng , and i nto  a covered p l ast i c  be a ker  for 

co l l ect i on . To beg i n  the  test , . 4 5µm f i l tered seawater was added to  the  

co l umn s . A p l ast i c bag  was  attached to  the  open  end  of  t he  co l umn s to  

prevent evaporat i on .  Start i ng t i me and  h e i ght  of  the  water  co l umn were 

recorded . Water co l umn h e i ghts  fot each  col umn were next recorded when a 

measurabl e d i fference i n  h e i ght  coul d be d i scerned . The  coeffi c i ents  of  

permeab i l i ty of  t he  opt i mum m i xes  i n  seawater were determ i ned by the  

fo l l ow i ng  e q u at i on :  

where : 

K = coeffi c i ent of  permeab i l i ty ,  cm/sec 

Q = vol ume of e l utr i ate , cm 3 

L = h e i ght  of proctors , cm 

A = area of  proctor , cm2 

T = test  t i me between read i ngs , sec  

H
i 

= i n i t i a l h e i ght  of  water  col umn , cm 

H
t 

= h e i g ht  of water col umn at t i me t ,  cm 

H
0 

= H
i 

- H
t

, cm 

The permeab i l i ty of the  top and bottom l ayers of opt i mum m i x proctors 

from We stch e ster , Hunt i ngton and NY C i ty i nc i nerat i on ash was determ i ned 

i n  dup l i cate . Resu l t s  are presented i n  Tabl e 5 . 3  and i n  F i gures  5 . 2  -
5 . 4 .  Al l s amp l e s  s how a decrease  i n  permeab i l i ty w i t h  t i me w i t h  t h e  top 

sect i ons  a l ways l es s  permeabl e than the bottom sect i on s  for each  a s h  

type . Al s o , a l l bottom sect i on s  s how h i g her  stand ard dev i at i on va l ues  

t h an the  top  sect i on s , i nd i cat i ng poor  reprod uc i b i l i ty i n  t h e  bottom 
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Figu re 5 . 1  Da rcy fa l l i ng hea d pe rmea b i l i ty a ppa ra t u s  . 
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Tab l e 5 . 3 .  Perme ab i l i ty coeffi c i ents a for proctor sect i on s . 

TOP BOTTOM 

coc s 1 . 2 1  x 1 0 - 1 
1 . 3 5  x 1 0 - S 

COES  1 . 3 1  x 1 0 -
1 

7 . 65 x 1 0 - 6 

AV ERAG E  1 . 2 6 ( ± . 07 )  x 1 0 -
1 

1 . 06 ( ± . 4 1 )  x 1 0 - S 

HAS 5 . 96 x 1 0 - 8 
6 . 2 2 x 1 0 -

1 

HA3 1 . 5 1 x 1 0 - 1 
7 . 02 x 1 0 - S 

AV ERAG E 1 . 0 5 ( ± . 65 )  x i o - 7 
3 . 54 ( ±4 . 92 )  x i o - 5 

WABS  2 . 05 x 1 0 - 8 
1 . 50 x 1 0 - 8 

WAD I 2 . 29 x 1 0 - 8 
3 . 56 x 1 0 - 8 

AVE RAG E 2 . 1 7 ( ± . 1 7 )  x 1 0 -8 
2 . 53 ( ± 1 . 46 )  x 1 0 - 8 

a .  Un i t  i s  cm/sec . 
b .  N umbers  i n  parentheses  denote st andard dev i at i on s  . 
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F i g u re 5 . 2  P e rmea b i l i ty o f  Wes t c h e s t e r  o p t i mum m i x . 

74 



• 

1 0  

• 9 

8 

'"' 7 
u 
D II 

• 
" 6 E 

u 
co 5 I 
( 
0 
� 

4 x '-' 
::.'. 3 • 

2 

0 

• 

• 
9 

8 

• • 7 

'"' 6 u 
• 
II 

" E 5 u 
co 
I 

• I 4 0 
� 

x '-' 
:it: 3 

2 

• 

0 

• D 

C o e f f i c i e n t  o f  P e rm e a b i l i ty 

+ 

D 

+ 

0 4 8 1 2  1 6  2 0  

Ti m e  (day) 
D WA85 Top + WAD 1 Top 

C o eff i c i e n t  of  P e rm e a bi l i ty 

+ 

+ 

D 

0 4 8 1 2  1 6  20 

Ti m e  (day) 
WAS S Bott o m  + WAD l Bottom 

( K ) 

24 28 

(K )  

24 28 

7 5  

3 2  

32 

- - -------------------



• 7 6  

• 

• 
f i g u re 5 . 3  P e rmea b i l i ty o f  New York C i ty o pt i m i m  m i x . 
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• F i g u re 5 . 4  P e rmea b i l i ty of H u n t i n g ton  o p t i mum m i x  . 
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sect i ons . The  bottom sect i on s  of  New York C i ty and Hunt i ngton bl ocks  h ave  

the  h i g h e s t  average perme ab i l i t i e s of  1 . 06 X 1 0 -
5 

and  3 . 4 5 X 1 0 - 5 
cm/sec  

wh i l e  t h e  top  sect i ons  of the  Westchester  bl ocks h ad t h e  l owe st average of  
• 

2 . 1 7 x l 0 - 8  cm/sec . 

A rap i d  i n i t i a l decrease  i n  permeab i l i ty occurs  i n  a l l s ampl e s  as  

seawater  f i l l s  t he  pore s p ace of  the  bl ocks . When t h e  bl ock  i s  fu l l y  

e s aturated , t h e  s urface ten s i on between the  i ntern a l  bl ock  s u rfaces  and t he  

seawater i n  t h e  pore space  s l ows the  fl ow of  fl u i d  to  the  asymptot i c  val u e  

of t h e  perme ab i l i ty coeffi c i ent . Se l i gman ( 1 978)  argues  t h at the  

red uct i on of  permeab i l i ty may be due  t o  the  prec i p i t at i on of  ca l c i um 

• 
al umi na - s i l i c ate i n  t he  cementat i on proce s s e s . S i nce  seawater , wh i ch 

prov i de s  c a2+ for t h e  react i on ,  was u sed over the  per i od of  the  test , 

Sel i gman ' s  arg ument can  a l s o  account  for the  decreas i ng permeab i l i ty 

coeffi c i ent  found i n  t he  s tudy . The absorpt i on o f  ca l c i um from seawater 

by proctor sect i on s  was d i rect l y  observed i n  our  ca l c i um - fl ux study ( re fer  

! e to Tabl e 6 . 1 4 and 6 . 1 5 ) . 
' 

• 

• 

• 

• 

• 

One u nexpected resu l t of  t h e  permeab i l i ty exper i ment  i s  t h at the  

bottom sect i on s  of  a l l proctors tested are  more permeabl e t h an the  

corre spond i ng top sect i ons . Th i s  i s  s urpr i s i ng because  our  proctor 

fabr i c at i on techn i que  fol l ows ASTM 0698- 78 wh i ch res u l t s  i n  the bottom 

l ayer rece i v i ng a total  of  7 5  compact i on s  dur i ng product i on and t h e  top  

l ayer on l y  2 5 . Th i s  s hou l d reduce the  percentage of  pore s p ace i n  t he  

bott om sect i on bel ow va l u e s  for t h e  top  sect i on s . However , t h i s  res u l t h a s  

a l s o  been observed by Harder et  !}_ .  ( 1 981 ) where more compact i on s  produced 

a h i gher  poro s i ty and permeab i l i ty .  Because our poros i ty exper i men t  u sed 

onl y  the  mi ddl e sect i on from the  proctor , no  compari son  between 

compact i ons  and poros i ty was ava i l abl e • 

The mos t  probabl e cause  for th i s  anoma l y  i s  t h at some d amage res u l ts  

to t he  bottom port i on of  the  proctor dur i ng extru s i on from the  mol d .  Th i s  

may be d i ff i cu l t to  detect and ful l y  cover w i th  epoxy when the sect i on i s  

mounted  i nto  the  bottom of  the  PVC co l umn . Th i s e ffect  cou l d res u l t i n  

water  c h an n e l l i ng t hrough  smal l crac ks between the  exte r i or  o f  the  

proctor  and  t h e  PVC p i pe .  Th i s  cou l d a l s o  expl a i n t h e  h i gh s t andard 

dev i at i on i n  t h e  bottom sect i ons  due  to  t h e  unreproduc i bl e  manner  i n  wh i c h 
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t h e s e  cracks  wou l d occur . 

Freeze -Th aw 

To determi ne  t�e beh av i or  of  the  proctors to  weather i ng ,  s i x  bl ocks  

were exposed to a freeze - thaw reg i me fol l ow i ng ASTM C666  protocol . Bl ocks  

were p l aced i n  a freezer at - 5 ° C  for 24 h ,  then  removed and  al l owed to 

return to  room temperat ure for 24 h and then returned to the freezer . 

Th i s  proced ure , wh i ch was fo l l owed for forty - on e  ( 4 1 ) d ays , resu l ted i n  2 0  

freeze - t h aw cycl es  after wh i ch t h e  compre s s i ve strength  of  t h e  bl ocks was  

tes ted fo l l ow i ng methods  descr i bed earl i er .  

Res u l t s  o f  the  freeze - t h aw procedure can  be found i n  Tabl e 5 . 4 .  No  

s tat i s t i c a l l y  s i gn i f i cant  ch ange was observed i n  the  average compre s s i ve 

strength s  o f  New York C i ty or Hun t i ngton bl ocks  due  to  the  procedure . Th i s  

i s  observed from the  overl ap of  the  average val ues  wi th i n  the  standard 

dev i at i on o f  the  averages . The Westchester bl ocks , h owever , exh i b i ted a 

decrease  o f  1 6% i n  the i r  strength s  after the  procedure . 

Westche ! ;ter b l ocks exh i b i ted a 1 6% decrease  i n  the i r  strengths  after 

the  freez e - t h aw procedure . They al so  showed the  smal l es t  percentage of  

pore  space , t he  l owe st  permeab i l i ty val ues  and  t h e  smal l est  stand ard 

deviat i on i n  strengt h  val ues . Th i s  i nd i cates t h at the  Westchester  bl ocks 

are more un i form and more compact t h an the  other two types  of  ash bl ocks . 

When  the  b l ocks are frozen , any mo i sture i n  the  bl ocks w i l l  form i ce 

crysta l s and , due  to  the  l ack  of  pore space , the  format i on o f  these  

crystal s may d i srupt the cement i t i ou s  crystal s of  the bl ock . Thi s wou l d 

res u l t i n  l ower compre ss i ve strength of  the  bl ocks . New York C i ty bl ocks 

have the  l argest  percentage of pore space and the  g reatest permeab i l i ty 

thereby a l l owi ng i ce crystal s to form wi thout caus i ng much  d i s rupt i on of  

the  cement i t i ous  bond s . In  Tabl e 5 . 4 ,  it  i s  observed that  freez e - t h aw 

cycl ed New York C i ty bl ock strengths  fal l wi th i n  the  standard dev i at i on of  

the  uncyc l ed b l ocks i nd i cat i ng no  maj or structural  d amage occurr i ng dur i ng 

the weathe r i ng proce s s . Hunt i ngton freeze -thaw b l ocks are s l i gh t l y  

stronger t h an uncyc l ed bl ocks . Th i s  coul d b e  expl a i ned by the  var i ab i l i ty 

of  t h e  b l o c ks , a s  i nd i cated by the  l arge standard dev i at i on va l ues  . 
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Tab l e 5 . 4 .  Compre s s i ve strengths  before and after  freez e - t h aw cyc l e .  

ComRre s s i ve St rengt h 

New York C i ty 

Before 228 ( ±73 ) 

After  COBS 1 99 

CODS 247  

Average 224 ( ±26 ) 
H un t i ngton 

Before 4 5 5  ( ±63 ) 

After HB2 5 5 7  

HD2 3 74  

Average 466 ( ± 1 29 )  

Westchester  

Before 1 23 1  ( ±53 . 5 ) 

After WAA3 1 03 1  

WAB3 1 02 7  

Average 1 029  ( ±3 )  

a .  N umbers i n  parentheses  denote standard dev i at i on . 

(RS i ) 
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E F F ECTS O F  S EAWATER  EXPOSURE 

Twe l ve  proctor s i zed s ampl e s  of the opt i mum m i x for each ash were 

p l aced on  a seatab l e at t he  F l ax Pond fac i l i ty .  F i l tered seawater was 

cont i nuou s l y  c i rcu l ated through the  seatabl e to  prov i de an i nd i cat i on of 

h ow the s t a b i l i zed a s h  wou l d beh ave i n  the sea . Two bl ocks  were retr i eved  

from t he  s eatabl e at approx i mat e l y  60  day i nterval s for compre s s i ve 

strength d etermi n at i on s . Resul t s  are shown i n  Tabl e 5 . 5  and F i gure 5 . 5 .  

The  re s u l ts  s how t h at We stchester bl ock average strength  actual l y  

i ncre a s e s  a l mo st  1 9% above i t ' s  i n i t i al strength after the  f i rst 6 0  days 

of  s u bmers i on then s l owl y decreases  thereafter . The Hunt i ngton bl ocks  

i n i t i a l l y l o s e  l e s s  than  6% of t he i r i n i t i a l strength after 60  days of 

s u bmers i on then ma i nta i n s a strength of  approx i mate l y  385 p s i  wh i ch i s  

s t i l l  above our  3 0 0  p s i m i n i mum s trength cr i teri a after 1 85 d ays  of 

s u bmers i on .  The  New York C i ty bl ocks  fa i l ed the  submers i on test . Tota l  

l o s s  of  structural  i ntegr i ty was  observed a fter 1 22  d ays of  s ubmers i on 

Fragment s from the  bl ocks broken after 60  d ays were then  freeze -dr i ed 

for 24  h ,  g round w i th  mortar and pestl e to  pas s  through  a 7 5µm open i ng 

s i eve , and  ag a i n  freeze -dr i ed . Th i s  samp� e was s ubsequent l y  used for 

powder X - ray d i ffract i on ana l ys i s ( see  Sect i on 7 )  . 

HOLLOW UN I T  MASONRY BLOCK MANUFACTURI NG 

Us i ng the fac i l i t i es of  Barrasso  and Son s , I n c . at  1 60 F l oral  Park 

Road , I s l i p  Terrace , New York , approx i matel y  300  standard s i zed ( 8x8x l 6 )  

ho l l ow un i t  masonry bl ocks  were fabr i cated subst i tut i ng Westchester 

i nc i nerat i on re s i dues  s i eved through  a 3/4 "  fl at mes h  screen for 

aggreg ate . Three m i x des i gn s  were exami ned : 
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Tab l e 5 . 5 .  Effects  of  s e awater s u bmers i on test  on  compre s s i ve  s treng h . 

• Un s u bmerged Opt i mum M i x  Proctor Ch aracter i st i c s  

• 

• 

, . 

• 

• 

• 

• 

• 

Mo i sture (%)  
Cement  (%)  
C u r i ng  Temp ( C )  
C u r i ng T i me ( h )  
Avg . Strength  ( p s i ) 

We stchester  
1 7  
1 5 
49 
24 

1 23 1  ± 54 

Hun t i ngton 
1 8  
1 5  

A i r 
1 68 

455  ± 63 

New York C i ty 
23  
1 5 
49 
72  

2 28  ± 74 

S u bmerged Opt i mum M i x Proctor  C h aracter i st i c s 

Date  2/ 1 8/86 Tot a l  s u bmersed t i me 60 d ays 

Proctor Code WAB2 WAE2  HC4 H E l  COD7 COE7 
Compre s s i ve  

St rength  ( p s i ) 1 468 1 4 5 6  4 58 402  72  9 5  
Avg . Strength  1 462  ± 6 430  ± 28 84 ± 1 2  
% C h ange  1 8 . 8  - 5 . 5  - 63 . 4  

Date  4/2 1/86 Tot a l  s u bmersed t i me 1 22 d ays  

Proctor Code  WAD2 WAE3 HA4 HE2  CQ,\4 COC l 
Compre s s i ve 

Strength ( p s i ) 1 1 1 0 1 385 4 1 8  350  0 0 
Avg . Strength  1 248 ± 1 38 384 ± 3 4  0 ± 0 
% Change  1 . 3 - 1 5 . 6  - 1 00 . 0  

Date 6/23/86 Tota l  s u bmersed t i me 185  d ays 
Proctor Code WAD3 WAE5  HC2  HE4  COAl COD3 
Compre s s i ve 

Strength ( ps i ) 1 1 70 1 206 4 1 4  3 58 0 0 
Avg . Strength  1 1 88 ± 18  386  ± 28 0 ± 0 
% C hange - 3 . 5  - 1 5 . 2  - 1 00 . 0  
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M i x Des i gn Mater i a l s Vo l ume ( ft
3

) We i ght  (1 b s )  

1 cement  2 5 1  
( Red ) s and 1 5  1 368 

res i due  10  624  

2 cement  250  
(ye l l ow )  s and 1 0 900 

res i due  1 5  900 

3 cement  250  
( n atura l ) s and 0 0 

re s i d u e  2 5  1 500  

Each  m ix  des i gn was col ored as  noted  above  and cured for  1 8  hours at  

1 3 4°F .  One d i ffi c u l ty dur i ng the  bl ock  man u factur i ng process  was  the  

i n a b i l i ty to  use  the  m i xers mo i sture probe to  determi ne  the  mo i sture 

content  o f  the m i x  pr i or to  compact i on .  Th i s  was due  to the  smal l s ampl e 

s i ze ,  and  therefore on l y  an  e s t i mate of  the  mo i sture content was 

estab l i s hed . Barra s s o  personnel  were i mpre s s ed by the  ease of  handl i ng 

the  i nc i nerat i on a s h  and mov i ng the  m i x t h roughout  the  fac i l i ty by 

conveyor bel t s  pr i or  to compact i on .  Overa l l i t  was the i r  i mpres s i on t hat 

t h i s mater i al behaved i n  a s i mi l ar  manner t o  the  standard mi xes they 

h and l e d a i l y .  

Fo l l owi ng cur i ng , the  bl ocks were transported t o  MSRC where a number 

of b l ocks  of each  m i x des i gn were mo i stened and wrapped i n  p l a st i c  to 

determ i n e  whether  add i t i ona l  mo i sture wou l d resu l t i n  a cont i n u at i on of 

the cur i ng process  and therefore i mprove compres s i ve strengt h s . Every 

seven  d ays  the  structural  i ntegri ty of  the  bl ocks was  determ i ned i n  

rep l i cate  ( n=3 ) . 

Tabl e 5 . 6  i nd i cates  t h at the  second m i x des i gn produced bl ocks 

pos s es s i ng a mean  compre s s i ve strength of  approx i mate l y  90 , 000 l bs total  

l oad .  The  bl oc ks manufactured u s i ng onl y  i nc i nerat i on ash h ad a strength  

of  6 5 , 000  l bs .  The data  i nd i cates  t h at l i tt l e ,  i f  any i mprovement  i n  

strength  was accompl i s hed by wett i ng the  b l ocks  and that  compre s s i ve 

strength  va l ues  fal l s h ort of  the  ASTM C - 9 0  800 ps i mi n i mum strength  . 
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