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Cl i ro r i i iu~ i i  is hclicvccl to c.;~usc. serious hc ;~ l t l ~  ~ ) r o l ~ l c n ~ s  when prcse~its i n  soil ill 
residcnti;~l prcn~ises. ' fhcrc wcrc cvidc~ices indicated that c l~ron i iun i  even d;~ni;~gcd 
concrete structures 2nd tlirei~tcnecl Iium;~n hc;~lth. Several concrctc buildings li;~ve recently 
found t o  sustain severe dani;~gc due to  concrete' detcrioratior~. These damages were 
attributed t o  t l ie prcsencc o f  chromium within and around the building premises. To verity 
whether chromium is I ~ ; ~ r n i l ' ~ ~ l  t o  concrete structures, chromium I l l  and chroniium V1 were 
used t o  mix  wi th celllent t o  lor111 niortirr and concrete. 'I'lie perccnt;lge o f  chromium 
conipound i n  the mix was 5% by weight o f  cement. Leachate and compressive strength o f  
cement-based ni;~trices were investigi~ted. T h e  2"x2"x2" mort;lr cube samples containing 
chro~n iun i  i r ~  the ~ i i i x  were used to  test Ihr Ic;~chitig ;111tl coml,rcssive strength. T w o  kinds of 
tbstract;lnt wcrc used: i n  ti le 500 r i l l  clcionizccl wiltcr and i n  the 500 n i l  acetic acid (0.5 N). 
l ' l ~ c  leach;~tcs were tested froni I day to  50 clays. 'I'hc Atomic Absorption Sl~ectromcter was 
cn i l ~ loycd  to  dctcct t l ~ c  Ic;~cl~ing oI chroti~iuri i .  The conil~ressivc strcngtli o f  cement ~ i i o r ta r  
i111cl concrctc wcre tcstccl ; ~ t  thc age o f  1. 3, 7, 14, 28, 56, 00, i111tl 180 days. 

T h e  results olwcrved froni this stutly i ~ ~ d i c ; ~ t c  that the 1e;lchitlg chi~r;~cteristic o f  
chromium II I and V1 11iort;lrs arc vcry tlifl'crcnt. With deioni7,eti water as ;In cxtrilctilnt, vcry 
l i t t le o f  chromium III le;~clied fro111 tlic s;~nil,les. I-lowcvcr, for chroniium V I  mortar, 
lc;icl~;~tc conccntri~t ions wcre I ~ i g l i  i11iti;illy i ~ n t l  tlecrci~scd ;IS t l ic speci~nen I,cc;~mc older. 
When ;~cetic acid (0.5 N) was usctl ;IS ~III cxtr;lct;lnt, h o l l ~  c h r o n ~ i u ~ n  ill atitl V I  n~o r t i l r  h;~d ;I 
l i i g l ~  rate 01' I c i~c l i i ~ i g .  Si1111l)lcs C~II~;I~II~II~ ~III-~II~~IIII~ V l  ~) ro( I~~cecI  higher Ic;~ch;~tc tli;~n 
those o f  chromium Ill. l ' l i e  prcsellce ol' c l~ rom ium Ill u p  t o  5% by we ig l~ t  o f  ccnicnt does 
not seem t o  have any el'fect o n  t i le strength o f  concrete o r  mortar. 'I'he cotnpressive 
strength o f  concrete ;~nd  niort;lr c o ~ ~ t ; ~ i ~ ~ i n g  c l ~ r o t i ~ i u ~ i i  I11 is Iiigli(:r th;~n the control ~ i ~ n i l ~ l e ~ .  
O n  the contrtlry, c l ~ r o n ~ i u m  V I  ci~used severe di111lage to the microstructure ol' concrete, 
resul t i~ ig i n  ;I low cc!n~l,ressivc s t r c~~g t l r  o f  cerncnt-hi~setl tni~trices. 'I'he prcsencc o f  
chromium V1 i n  the mix clearly afl'ccts tlic long ierni  compressive strength both  ol' concrete 
i ~ n d  mortar. 

ni i~teri ;~ls i11it1 OII the 

is not only threaten hunian 
be  seen i n  some places i n ,  
pavements, being believed 

to cause hy  chroniiuni cont;irnin;~tion [3]. 'I'l~e results o f  analyzing the soil from that site 
stiowed the chromium c o n c e ~ ~ t r i t t i o ~ ~  was ;IS l i igli ;IS 53,000 pprn 141. This a m o u l ~ t  o f  
chromium is much h ig l~e r  t h i ~ t ~  t l ic liniit ~,crmit tc t l  hy t l ic  I ) ep ;~ r t rnc~~ t  ol' I , t~viron~iicl~t;~I 
Pro tcc t io l~  (I>l:l')?.which rccluircs to. c l c ; ~ ~ ~  1111 ill1 sites cor~t;~rnin;~tct l  with more t11i111 75 
niil l igrams of chroniiuni per k i logr i~n i  o f  soil 1.51. 

Previously, studies conducted Mcusctl (111 t l ~ c  l e i ~ c l ~ i n g  characteristics o f  treating 
sludge or  cont i~ni in;~ted soil t)c~und into ;I ccriient n~;~tr ix. L i t t le  research, however. Ii;~s heen 
t ievoteclto the effect o f  chroniiuni itself (111 the mortar and concrete strengtl~. Sr ip i~ th i  [ O )  
sliows that t i le coml~rcssive, strcngtli o f  ce l i i c l~ t  ~ i i i s i ~ i g  wi th c o l ~ t a n i i l ~ i ~ t e d  soil oI' c l~ ron i ium 



111 incrcilses little when the present o f  chromium is not more than 6% by weight of cement. 
This 1ne;ins that soil ccmcnt mortar containing certain amount of chromium I11 is not 
dangerous to its strength. The  same stud also reveals that the leachate results of trivalent 
clironiium compound did not exceed the Environmenta~ Protection Agency (EPA) standard 
o f  5.0 ppnl :~nd solitlification of contaminated soil c ;~n he made usir~g cement and Ily ash. In 
concrete, the use o f  chromates as tential corrosion inhibiting admixture in concrete was 
reported by ACI 212 Committee [ 7 b u t ,  the effect of addition of chromates to concrete on 
its performance is not yet fully known. There is ample evidence to suggest that the strength 
of concrete decreases with increased quantities of potassium clirom;~te [3 . It is therefore 
recommended that a chromate treatment is required to  apply it to  the ga vanized surfaces 
rather than add chromates to  concrete mixture 181. 

I 
Most of the work collected from the literatures mentioned the effect of chromium on 

the slrcngth of concrete and mortar in the field. Actually, tliere is not tllc only chromium 
that has the influence on the compressive strength, other materials such as sulfate, sulfuric 
;inti nitric acid wllich present in the soil can also causc a serious damage on the concrete and 
tnorti~r. '1'0 verify just only the effect of chromium on the strength of concrete and mortar, 
otllcrs fdctcrs are  excluded from this investigation. 

OBJECTIVES 

'l'hc of)jcctivc of this study is to determined the effects of' triv:~lent chromium, Cr 
(Ill), and liex;~valent chromium, Cr VI), on the corn )ressivc strength of mortar and 
concrctc. Investigations ilre m;ldc to h iscover wlicther t I IC chron~ium, il hazardcfis heavy 
meti~l, will destroy the concrete structures or not. In addition, the leaching of  chromium 
rnortar in deionized wcltcr and acetic acid (0.5 N)  has i~lso I)ecn studied. 

EXPERIMENTAL PROGRAM 

Material 

Matcrials used in this study consist of standard portl;lnd cement t pe I, siliceous sand 
( r~ver  sand coarse a g ~ e g a t e  with the maximum size of 3/8", Cr ( 11) in the form of 
CrCl3.61 12b: i111d C r  ( V I ~  in the forni o f  K2Cr207, i111d water. 

r 
Mix IBror)ortion 

In this test, Cr  (111) and Cr (VI) were mixed in the cement-based matrices to form 
niortar i ~ n d  concrete. First, the chromium was added into the watcr and mixed until it 
dissolved completely. Next, the mortar o r  concrete wils mixed and cast in the usual way. 
Altcr 24 hours, the specimens were removed from the mold and cured in water. The  
comi)~essive strength of mortar and concrete was tcsted at the age o f  1, 3, 7, 14, 28, 56, YO, 
and 180 d ~ ~ y s .  The  amount of chromium as CrC13.6H20 (Cr(Il1)) and as K2Cr207 (Cr(V1 
used WiIS 5% of cement by weight. 'The water to cement ratio is 0.5 for mortar and 0.56 4 
lor concrete. 'She mix proportions for mortar and concrete are  shown in Tables 1 and 5 
respectively. 

C M C  is the control mortar s:lmple witllout any chro~nium. CMC3 and CMC6 a re  the 
n1ort;lr samples with Cr 111) and Cr (VI), respectively. In concrete, CMY is the control 
colicrctc saniple while C Y3 and CMY6 are the concrete samples with Cr  (111) and Cr 
(VI), respectively. 

L 
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'r;lble I Mix I'roportioti of  Cliro~niuni Mortar 

13'15 
2 5  ( C r  111) 

Water 
( m l )  

-. 

2  5  0  
2 5 0  
2 5 0  

1 'I'able 2 Mix Proporticln of Chromium Concrete (kg/m- ) 

S a m .  
No.  

CMY 
CMY 3  
CMY6 

C e m e n t  

3 6 5  

S a n d  
( k g )  ( k g )  

1 0 13 0  0  
1 8 . 3  ( C r  111) 

1 0 8 0  1 8 . 3  ( C r  V I )  

W a t e r  

2 0 5  

205.  

Leachine Test Procedure 

Tlie 2"x2"x2" cubes were sus~lc~iclcil scl) i~ri~tcly ill tlic 500 nil tlcio~iizcd water i ~ n t l  S(H) 
~ t t l  acetic acid (0.5 N) extrilctilllt i111d gc11t1y stirrecl by Ilici1lls of  nlagnctic stir.rcrs. for 24 
hours. The leachates were filtered tllrough 0.45 microns mcmbr;~nes for analyses. - l l lc  
process repeated for 1, 3, 7, 14, 28, and 50 days for tllc samples in deionized water ;~ncl 3, 7, 
14, 28, and 56 days for the samples in  i~cctic ;~citl extr;lctilnt. The lei~chatc was detected by 
using the Atomic Absorption Sl)ectronletcr. 

RESULTS AND DISCUSSIONS 

EiTect or Chromium on the Strength or Morlnr and Concrete 

Table 3 shows tlte results o f  tlie compressive strerigtli of control i111cl chromiun~ 
. The relationship betwcer~ tile co~iipressive strength atld age is  presented in  Fig. 1. 

these fcsults are shown in  1';ll)le 4 and Fig. 2. 

Table 3 Compressive Strength of Chromium Mortar 
I 

, 
C o m p r e s s i v e  S t r e n g t h  (MPa) 

3-d 7 - d  1 4 - d  2 8 - d  5 6 - d  9 0 - d  1 0 0 - d  

S a m .  
No. 

. 6  4 2 . 9  4 7 . 5  5 2 . 0  5 4 . 9  5 6 . 0  5 7 . 2  

. 4 ' 4 9 . 3  51 .7  5 4 . 9  5 7 . 5  6 0 . 6  6 5 . 0  

.3  3 7 . 0  4 0 . 6  4 3 . 4  4 5 . 6  4 8 . 2  5 1 . 4  

1 -d 



Fig. 1 Relationship Between the Compressive Strength of Chromium Mortar and Age 
6 

?'he difference in compressive strength can he ohserved throughout the test. The 
test results indicate that different valences of chromium in mortar have different strengths 
for the same mix proportions. U p  to the age of 180 days, the Cr (111) mortar has a higher 
colnpressive strength compared to the control mortar. The compressive stren th of Cr VI) 
mortilr, however, is k s s  than that of the control mortar at  all ages up to 1 t! 0 days. \his 
means that the amount of Cr (111 in mortar u to 5% by weight of cement has a positive 
effect on the compressive strengt I up to 180 cr ays. The experimental data obtained from 
Sripathi [6]  also revealed that the compressive strength of soil cement mixture containing Cr 
(111) increased when Cr  (Ill) content was used from 2% to 6% by weight of cement. Similar 
results can be observed in chromium concrete containing Cr (111). 

?'he corn ressive stren rth of mortar and concrete containin 1 C r  VI) is always lower 
than the contro r and the Cr ( k 11) samples. This means that Cr  ( a I) is I armful to cement- 
based matrices. T h e  results was also confirmed by looking at  the specimens after being 
broken. The  color of the cdntrol and the Cr (I I1 samples is the same color, it is light gray 
color. But the color of the Cr (VI) specimen is lght yellow and the texture of concrcte or  
mortar is softer than that of the control. For concrete or  mortar containing Cr  (VI), the 
heavy metal hydroxide crystals row too big, it swells the C-S-1-1 gel structure and destroys or  
looses the structure of the C-S- a gel. That is, the crystallization of salts from supersaturated 
solutions produces pressures which may cause cracking in the concrete thereby reducing tile 
mortar or  concrete strength. Also, because Cr  (VI) in cement mixture may form CaCr 07, 
Cr(V1) is leached from cement mixtures readily and results in a decrease in strength o f the 
cement matrix. Laboratory tests indicate that chromium migrates into the pores filled by 
capillary action over a perlod of time and causes swelling to  occur, resulting in damage to  
slabs, parking lots, and other structures [3]. 



f7g. 2 lielationsliil l Bc lwce~i  the <:onl(lressivc Strength of Ch ro~~ i i un i  ('o~icrctc. ; ~ r i t l  Age 

Leaching Characteristics with 1)cioniacd Water I:xtrilcti~nt 

The significi~nt dit't'crences ill the Ici~cli ing ch;ir;~ctcristics o f  Cr  (Ill) ;~nd (Ir (VI )  
r l ior t i~r ciiri I>c see11 in  Fig. 3. I,c;~c.hing lcsls using tlcio~iizetl water ;IS ;III cxtr;~cl;~nt on 
ceriie~it-1,;lsetl nii~trices wit11 <:r ( I l l  show tIii11 eellielit is very good I'or i n i n ~ o l ~ i l i z i ~ ~ g  <:r (111) 
;IS a result of  [lie forni;~tion o f  <:r( d 11)~. Wit l i  tlcionizcd wiilcr ;IS i111 cx t r i~c t i~~ i t ,  1.1ict-c is 110 

detectable leacliirig o f  c l i rp~niunf From tllc <:r (Ill) Iflortar sl)cci~ncn tletcr~niriccl I)y A lo~n ic  
Adsorption Spectronletcr. 13ut Ici~chif lg o f  chroni i i in~ trom the <:r (VI)  nlort;ir sl~ecinicns 
was clearly observed. Fig. 3 i11so intliciites t h i ~ t  the leaching of Cr  (V I )  dccrcascd wit11 tlic 
development o f  strength o f  niort;ir. 13cti)re 14 di~ys, tlie conc~~i t r i i t ion of Cr  (VI )  was higlicr 
t h i ~ n  the EPA stai~dard of 5 p p m  but was lower than the stiindard iifter 14 days. 

4 



Fig. 3 Kelationship between the h a c h ; ~ v s  of Chromium and Age in Deionized Water 

laaching Characteristics with Acetic Acid (0.5 N) Extrachnt 

' r k  leaching test results of Cr (Ill) itnd Cr VI) mortar using ilcetic dcid (0.5 N as an  
extractant are  shown in Fig. 4. There is considera b ly chromium leaching from both 2 r (111) 
irnd Cr  (VI mortars when using acetic acid as an extractant. The  concentrations of both Cr 
111) and r (VI) in 1eacha:es decreased with the development of compressive strength. L d 
hroniium leaching from Cr (VI) mortar was much higher than that of Cr (111) mortar a t  all 

i1ge.s. The maximum chroniium concentration in the leacliates of Cr  (VI) mortar is 420 ppm 
while those from Cr  (Ill) is only This may be due to the fact that the strength of 
Cr (VI) mortitr is lower than that mortar itt the sitme agcs. Another season IS that 
tltc present of (3 (VI) swells the and destroys the formation of C-S-H gel which 
niakes mortar more permeable and results in a hiyh Icachitte. 

It is noted that both tr iy~lent and hexavit,~nt chromium leach more readily in low H 
cxtr;~ctant (in i~cetic acid, 0.5 N). It is also noted that chromium leaches from Cr  ( 6 I) 
mortar at a relatively hiqh concentrations compared to Cr (111). Thus, the p H  and the  
conccntr;~tion of hydrox\? ions, has a significant effect on the stability of the heavy metal. In 
the i t l ) s c ~ i c ~  ol' c;~lciiin: hydroxide, the p H  of the system would be even lower, perhaps 
;~ l ' f cc l i~~g  tlic solul)ili!. of the hca mct:tls ,in n mitnncr uttlike a system contitinin calcium 
liydroxidc. Koy et al 191 s l r lwey that the calcium hydroxide in heavy metal (!ncluding 
cliromium) cclncnt mixtures is lower than that of conventional mortar. 



Fig. 4 Relationship between the Lxachates of Chron~iurn and Age in Acetic Acid (0.5 

2. The leaching ch;~r;~ctcristic of Cr ( I l l )  and Cr (VI) in cement-b;~sed m;rtrices arc 
very dirferent? They have dil'l'crcnt h~llilviors with cll;~ngcs in plf  ant1 type of' cxtract;rnts. 
With deionized water ils en cxtractirnt, oo chromium leached from Cr ( I l l )  nlortirr 
specimens. -13ut chrorniun~ cle;~rly leached from Cr (VI) mortirr samples and the Icacliing 
amount of  chromium decreased with the develollment of the compressive strength. 

, 

3. When i~cetic acid (0.5 N) was used as iln extractant, both Cr (111) mortar and Cr 
(VI) mortar hilve ;I great tle:~l of' le;lcl~ing. 'I'he chromiun~ le;~clied fro111 Cr (VI) 111orti1r at a 
relatively high concentration with i1  ~n;rxirnum of 420 ppnl. 

irnd Cr (VI) on mortar and concrete stren 7th is quite k miltrices at rate of 5 h by weight 
and concrete is lower than that o f  the control 

concrete is higher. 
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