
KHOA HQC CdNG NGHE 

AIVH HUOIVG CLIA MUA AXIT DEIXI 5 U RO Rf KIIU LOAI 
IVAIVG TU DAT BLI!\I CUIXIG HOA BAIXIG XI iUAIXIG 

Tran Van QuinS Ng6 Anh Quin^ 

TOMTAT 
Xi mang duoc sil dung pho bien trong c6ng nghe cung hoa/on dinh S/S (Sobdihcation/Satbilization) nham 
xu ly dat biin 6 nhi&m cac kim loai nang nhu chi, asen, kem... Tuy nhien, h6n hop dat biln etmg hoa co 
nguy CO bi mat on dinh can bing trong dieu ki^n mua axit vai pH thay ddi tir 2 d^n 7, tir moi tmdng axit 
manh den tmng tinh. Viec mat on dinh h6n hpp nay gay ra su hoa tan khoang xi mang thuy hoa tir do gay ra 
viec ro ri kim loai nang dac biet la chi ra moi trucmg xung quanh. Viec thuc hien cac thi nghiem danh gia 
mfli truong thucmg ton kem. Do vay, nghien ctru tap trung xay dung mot mo hinh sd nhu mflt cflng cu nham 
danh gia viec ro ri kim loai chi ra moi tmcmg ducri anh hurnig cua mua axit co pH lan lirot la 2, 4 va 7. Ket 
qua cua mfl hinh dirge so sanh voi k^t qua thi nghiem da duoc cflng bd. Mo hinh sd co the du doan tmmg 
ddi chinh xac luong kim loai chi rd ri khi so sanh vm k^t qua thi nghifem. Luang kim loai chi ro ri lon khi pH 
nho, Cling voi lugng ion canxi bl nia troi cang cao luong chi ro ri cang lon. 
Ttr kh6a: Bat biin cdng hoa, xi mang, kim loai nang, d nhiSm, mua axit 

LMffDAU 

Su 6 nhi^m cua dat boi kim loai nang, dac biet la 
chi (Pb), la mpt vin de pho bien tren toin th^ gidi. 
Dit bi 6 nhifim chi (Pb) phan bo tren quy mo toan 
cau va ham luong chi cao thuong gap trong dat do 
thi, nong nghiep va khai thac mo quang [1]. Cac 
nguon gay 6 nhiim chi chu yeu den tu cac nganh 
cdng nghiep hoa chat, hoa dau vi luyen kim, xii ly 
son CO chiia kim loai chi, khi thai tir xang diu chi, 16 
dot chat thai rin va cac hoat dpng khai thac. Vi du, 
su tang truong kmh t^ gan day va qui trinh do thj 
hoa nhanh chong b cic nuoc dang phat trien dac biet 
la su ra doi hing loat cua cac khu cong nghiep da 
dan d& su o nhiem ciia dat voi luong kim loai nang 
cao trong do co chi. 0 nhiem chi la mfit van de moi 
trudng nghiem trpng co nguy co Icm d6i voi sue khoe 
cong ddng va moi truong. Vi vay, viec xii ly dat bi 6 
nhiim chi la tm tien cap bich doi vm cac van de m6i 
truong. 

Cong nghe xu ly cung hoa/on dinh S/S 
(Solidificahon/Stabili2ation) dugc str dung rpng rai 
d^ CO dinh kim loai nang cung nhu cai thifin he sd 
tham, ht sd khuech tan va tang cuong dp ben cua dat 
[2]. Chit ket dinh gdc xi mang thuong ducrc sii dung 
cho gia cd dat bing cong nghe xu ly S/S [3]. Dat sau 
khi diroc xti ly bang cong nghe S/S, cac kim loai 
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nang ton tai trong dat duoi dang cac pha kim loai 
ngam nuoc, cac hpp chat kun loai canxi va hydroxit 
kim loai, b dang it hoa tan, it di dong hoac giam dpc 
hai [4]. Khi dat, dup€ gia cd bing cong nghe xii ly 
S/S dua chat ket dinh co tinh chat xi mang, tidp xiic 
vol nuoc mua hoac nuoc ngam, c6 the xay ra su ro ri 
kim loai nang. Hien tupng nay da dup€ ghi nhan trfen 
nhieu noi tren thd gioi, qua trinh rua troi kim loai 
nang ra khoi dat duoc ciing hoa bang xi mang phu 
thudc vao he sd khuech tin va su hoa tan cua cac 
khoang c6 trong dat ciing hoa [5]. 

Sir ro ri kun loai nang tir dat ciing hda do mtra 
axit gay ra la mdi quan tam b nhidu nm tren the gioi 
nhu Hoa Ky, dac biet la Trung Quoc noi c6 tdc do 
phat tnen cong nghiep lon nhat the gioi. Tai thanh 
phd Nam Kinh, pH thap nhit ghi nhan dup^ do mua 
axit la 2.89 co tinh axit manh [6]. Dd pH ciia mira axit 
rat khac nhau tiiy thuoc vio vi tri, co the tir pH co 
tinh axit cao ~ 2,0 ddn didu kifin trung tinh ~ 7,0 [7]. 
Theo Pham Thi Thu Ha va nnk [8], mua axit da dupe 
ghi nhan b hau hdt cac tinh thanh trong ca nuoc, dac 
biet b ca cic khu vuc nong thdn mien niii tai Viet 
Nam. Tin suit xuat hien mua axit tai cac tinh ddng 
bang song Cuu Long dac biet cao, sd heu ghi nhan 
tan suit nay trong muoi nam la 58% tai Can Tho va 
39,8% tai Ca Mau theo bao cio ciia Nguydn [9]. Dac 
biet voi tinh chat nen dat ydu ciia DBSCL, cdng nghe 
xii ly S/S cd tiem nang ling dung rpng rai [ 10], do do 
anh hudng cua mua axit ddn ting dung cong nghe xu 
ly S/S vao bim hoac dit ydu trong viec xu ly moi 
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trucmg hay xay dung la dieu can dang duoc quan 
tim. 

Khi dat yeu hoac bim dupe ciing hoa bing xi 
mang tiep xiic voi mua axit, cic ion H* cd trong mua 
axit se dd ding phan ung voi cic khoing thiiy hoa 
chii ydu cua xi mang nhu portlandite Ca(0H)2 vi 
canxi sihcat hydrat C-S-H (CSH1.6, CSH0.8) hinh 
thinh trong dit, din den dp pH ctia dat giam gay hoa 
tan din dan Ca(0H)2 va C-S-H. Kdt qua li, mdt lupng 
ion Ca*̂ ^ nhat dinh cd the dupe giai phong tir dat ciing 
hoa. Viec mat ion Ca*̂  co thd tic dpng tieu CIK den 
kha nang dem ciia dat ciing nhu ciu tnic aia hat dat 
[6]. Rku qui li, vi^c ro ri kim loai nang tir dat cimg 
hoa bing xi mang se tang len gay anh huong tdi mdi 
trudng xung quanh. Tuy nhien, cic nghien cihi ve tic 
ddng cua mua axit ddi vdi tinh chat lpc va khuech tan 
cua kim loai nang la rat han che. Htm nira, mdi quan 
he giira ndng dp ion Ca*̂  hi riia trdi va kim loai nang 
ro ri ra mdi trudng chua dugx: dinh luong. Du vi nnk 
[11] da nghien cuu thuc nghiem van de nay. 

Tuy nhifen cac nghien ciiu thuc nghiem ve inh 
hudng ciia dat bun ciing hda ddn mdi trudng xung 
quang la tirong ddi dit do va con mdi me tai nude ta. 
Nhim dua ra mot cdng cii gitip dinh gia inh hudng 
ciia mua axit vdi hdn hpp dat biin cirng hda bing xi 
mang tdi vi^c rd ri kim loai nang ra mdi trudng xung 
quanh, md hinh sd dua tren md hinh truyen chat 
phin ling se dupe gidi thieu. Ket qua md hinh se 
duoc so sinh vdi ket qua thuc nghidm cdng bd trong 
nghiencihiciiaDuvinnk [11]. 

2. Cff sir LY THUYET MO MNH TRUYBI CHAT, PHAN UNG VA 

Hhw HOC m HIW 

2.1. L^ thuydt md hinh truydn chat va phan ling 
Cic tinh toin md phdng ddu dupe tidn hanh bdi 

md hinh truyen chat, phan ung trong cdng cti md 
phdng Toughreact [12]. Cdng cu nay md phdng qui 
trinh truydn chat ddi luu va khuech tin ciing nhu qui 
trinh phan ling hda hpc bao gdm cic phuong trinh 
tao phiic trong dung dich, hda tan/kdt tua cua cic 
khoing theo ly thuyet nhiet ddng hoc vdi tdc dp phin 
iing hic thdi, theo phuang trinh 1 hoac ly thuyet 
ddng hpc vdi tdc dp phan ting ciia Lasaga va nnk [13] 
thda man phuong trinh 2. 

/5 = iog t<::],.Yl{r,<^,r' '" = 1 ^/^^ 

Trong dd: K^ ĵj,: hing sd can bing cua khoing 

m; v^y he sd cin bing; y,: be sd dp hpat ddng cua 

chat CO ban j ; Cy nong do chat j trong dung dich 
(mol/kg nude); N^: so lupng chat ca bin; Npi sd 
luong khoing dudi can bing nhiet ddng hpc. Trang 
thai can bing hay khdng can bang cua cic khoing 
trong dung dich dupe md t i thong qua chi sd bao 
hda IS (Index of Saturation). Ddi vdi mpt khoing, 
ndu IS=0, dung dich b trang thii bao hda, khoing 
can bing khdng kdt hia, khdng hda tan. Neu IS<0, 
dung dich d trang thai dudi bao hda, khoing tidp 
tuc hi hda tan. Trong trudng hpp cudi cimg, IS > 0, 
dung dich tren bao hda, hien tuong kdt tua khoing 
xay ra. 

. „ = / ( c „ c „ . . . , c „ J = ± * : A | l - " ! r " = '•••% (2) 
Trong dd cic gia tn duong cua r̂  bieu thi su hda 

tan vi gii tri am la ket tiia, k^ Ii hing sd tdc dp phan 
ling (sd moi trdn mdt don vi di§n tich bd mat khoing 
va don vi thdi gian), A^ l i didn tich be mat phan img 
cu thd tren mdi kg H2O. Hing sd tdc dp phin iing k 
phu thupc vio pH cua mdi trudng dupe bidu diln 
thdng qua phirong trinh 3: 

, ,,„ T-E-f 1 I 1̂ ,„ [-E''(\ 1 11 „ 
A- = i:"exp •—^ +t ;exp —'J-\ Wa"" 

(3) 
Trong dd, nu li co chd trung tinh vdi pH=7, a la 

dp hoat ddng ctia cic ion mi tdc dd phin iing phu 
thupc; n la he sd mu; Eg l i nang lupng kich boat; T 
nhiet dd. 

Phuong trinh ket hpp tnayen chat va phan iing 
dupe bidu didn dudi dang phuong trinh 4-

dl =v(0s,D,vc,)-v(̂ c,)-£K„/i,-2^v^y?„-£i',/(, 

(4) 

Vdi r la dp rdng mdi trudng xdp d diy cu th^ 
la mdi trudng hdn hgp dat biin ciing hda, SL la dp 
bao hda ciia mdi trudng dit biin ciing hda, mii 
trudng bao hda SL=1, C, li ndng dp ion i cd ti-ong 
dung dich; D, he sd khudeh tan hieu qua trong moi 
trudng hdn hpp dat gia cd ; q Ii van tdc ciia ddng 
nude, trong trudng hpp khdng ip, q=0; R,, R̂ ,, Ri 
lin lugt la sd moi cua phan iing tao phuc trong 
dung dich (vi du tao phiic phan hi CaClj bing Ca'-
vi CI), phan ung hda tan/kdt tiia cua chat rin va 
phan ling ciia chat khi (vi du CO2 + HjO «^HCOi"+ 
H*) ; v,r, v,̂  va v,, lan lupt la hd sd cin bing ti-ong 
phan img. 
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Hinh I the hidn mdt budc thdi gian ti-ong qui 
trinh md phdng kdt hpp truyen chat vi phan iing 
ti-ong mdi tiirdng xdp nhu bd tdng vi dit. 

Buoc thoi gian 

Hinh I. Kdt hgp truydn ch^t vi phan ting trong mOt 
budc thdi gian 

Phan cd dinh hoac chat rin dupe danh gii bang 
cac tinh toin phan ting hda hpc, ti-ong khi pha Idng 
chi Ii kdt qua ciia qui tiinh truydn chat. Tir quan 
diem sd, truyen chat v i phan ung dupe kdt hpp thdng 
qua mdt thuat toin lap tuin hoin. Cac phan iing hda 

Bang 1. Thinh phin khoing c6 trong I dm^ hon hpp di t cting hda 

hpc dupe giai bing phuong phap thanh phin co ban 
theo thuat toin Newton Raphson. Ddng chiy va 
truydn chat dua tren each tiep can phan tii dai dien 
(Representative Elementary Volume - REV) trong 
tinh toin die tich htm han. De tim hidu ky hon ve 
each giai cic phuong trinh ket hpp truydn chat v i 
phan ling cd the tham khao them trong nghien ciiu 
ciia Steefel vi nnk [14]. 

2.2. Hinh hpc md hinh 

Dit gia Cling hda trong nghien ciiu cua Du vi 
nnk [11] cd thanh phan Ii cac khoing thuy hda xi 
mang, cac tiianh phan khoang khic ciia dat set 
kaolin bao gdm kaolinite chidm chu ydu ngoai ra cdn 
cd muscovite va quartz (thach anh), dong thdi mpt 
luong kim loai chi Pb ciing dugx̂  trdn vio trong hdn 
hpp nhim md phdng su d nhidm chi ciia dat bim can 
dupe xii Iy. Ty le cap phdi duoc sii dung trong nghien 
ciiu ciia Du va nnk [11] : Dat/Xi mang/Chi=86/12/2 
Cac khoing nay dupe liet ke trong bang 1. 

stt 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Khoang 

Quartz (alpha) 

Kaolinite 

Muscovite 

Portlandite 

Calcite 

Monosulfoaluminate 

C1.6sh 

C1.2sh 

CO.Ssh 

Goethite 

Hydrotalcite 

Cong thiic 

S1O2 

AlaSijOsCOH), 

KAl2(AlSi3)Oi„(OH)2 

Ca(0H)2 

CaCOj 

CajAlzCOsCOHJuCHzOJs 

Ca,e(Si03,6)(H20)2ss 

Ca,2(Si03 2)(H20)2„ 

Caog(Si028)(HjO),5, 

FeOOH 

MgiAljOj.lOHjO 

Ty 14 th* tich 

0,00414 

0,790 

0,200 

0,0473 

0,0031 

0,0027 

0,0325 

0,0 

0,0038 

0,0103 

0,1408 

Hinh 2. Qui tiinh tuong tic gitra nude mua axit va 
h6n hpp dit oing hda bing xi mang 

Hinh 2 md ta CO chd tuong tic giUa nude dudi 
dat va cac khoing cd trong hdn hpp dit ciing hda 
bing xi mang. Thdng qua co chd truydn chat, nude 
trong dit xam thuc vao hdn hpp dit gia cd thdng qua 
cic Id rdng va bit diu tao ra qua trinh mat can bang 
giira cac khoang va dung dich nude dudi dat, tii dd 
khidn cac khoang hi hda tan vi mdt sd khoang mdi 
se kdt tiia. 

Ngoai ra thanh phan hda hpc nuoc dudi dat dupe 
tiinh bay trong bang 2 dupe Iiy tii nghien ciiu cua 
Jacques vi nnk [15] vi Du va nnk [Uj. Bang 3 trinh 
bay ndng dp cac chit cd trong nude Id rdng cua dit 
Cling hda dupe tinh tii phin mdm Toughreact. 
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BSng 2. TTianh phM h6a hpc cua nuoc n g ^ dupe 
hinh tfatoh ttr nude mua [11], [151 

B4ng 3. Thtoh phin h6a hpc cua nu6c 16 r6ng cii 

Thanh 
phan ion 

pH 

co;' 
Ca*' 
CI 
K* 
Na* 

Mg*' 

so;' 
Al*' 
Pb*' 

N6ng dp (mol/l) 

2,0 

2,67x10"^ 

5,35x10"' 
1.82x10"" 
2,94x10"* 
1,79x10^ 
2,27x10"' 

2,67x10"' 

1,02x10"' 

0 

4,0 

1,37x10"* 

5,35x10"' 
3,22x10""' 
3,91x10"' 
3,72x10"* 
6,22x10' 

1,31x10"' 

3,02x10"' 

0 

7,0 

2,67x10"' 

5,47x10"' 
6,57x10"" 
5,34x10"' 
8,79x10*" 
8,27x10"' 

8,67x10"' 

1,02x10"' 

0 

Thanh phan ion 
pH 

co;' 
Ca*' 
CI 
K* 
Na* 
Mg*' 

so;' 
Al*' 
Pb*' 

Nong do (mol/1) 
10.9 

2.52x10""' 

4.93x10"-
1.34x10' 
8.94x10^ 
4,3x10"-
l,.39xlO^ 
8,5x10"-

6.7x10"'" 
0,06679 

2.3. Tham s6 t^c da phin ijmg 

Stt 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Bang 4. C^ tham s6 cho m6 hinh dpng luc hpc phan iing 
Khoang 

Quartz(alpha) 

Kaolinite 

Muscovite 

Portlandite 

Calcite 

Monosulfoaluminate 

C1.6sh 

C1.2sh 

C0.8sh 

Straeflingite 

Ettringite 

Goethite 

Brucite 

Hydrotalcite 

k{mol.m"'s"') 
3,98x10"'" 

6.61x10"'" 

3,16x10" 

2,24x10"' 

1,55x10"' 

6,76x10"" 

2,75x10"" 

2.75x10" 

2.75x10"" 

2.75x10"" 

7,08x10"'" 

Tuc thi 

Tiic thi 

Tut thi 

A(m'/g) 

0.00098 

0,00098 

0,00098 

16,5 

0,00098 

5,7 

41 

41 

41 

41 

9,8 

Cic tham sd tdc dp phin ting dupe trich din tii 
cac nghidn ciiu ciia Tran vi nnk [16], Baur va nnk 
[17], Palandri vi nnk [18]. Bang 4 liet ke cic tham sd 
Ciia tdc dd phan iing cic khoing su dung trong md 
hinh. 

Cac khoing dupe gii sir cd tdc dd hda tan bang 
vdi tdc dd ket tiia. Hydrotalcite, Thaumasite vi 
Brucite cd tdc dp phan iing nhanh, tuan theo ly 
thuydt nhidt ddng hpc phan iing. 

2.4. Md hinh t^o phiic bd mat hip thii chi 

Viec su dung xi mkng trong viec ciing hda dat 
biin ydu giup cai thien hd sd thim cung nhu he sd 
khudeh tin cua cic ion trong mdi tnrdng dat ciing 
hda, ddng thdi vua xi mang ma true tiep la cic 

khoing canxi siheate thuy hda C-S-H, sit hydoxit 
FeOOH gnip hip thu va cd dmh cic kun loai nang 
nhu Pb, Cd, As tren be mat thdng qua qui tiinh tao 
phiic ti-en be mat. Qua trinh niy cung ed thd diln ra 
tijong tu tren hd mat cua thach anh (Quartz) va 
Kaolmite. 

Trong vat Ueu xdp nhu dat hoac xi mang, phan 
ling vat ly vi hda hpc giira cac ion vi be mat khoing 
cd the xiy ra, dp l i qua trinh hap thu ti-en be mat 
khoang. Nhiing phan iing niy chii ydu didn ra tren 
bd mat khoang ti-ong mdi trudng be tdng. Cac anion 
va cation di chuyen qua vat heu vi cic phin iing giua 
cac ion nay va bd mat khoang C-S-H duw: diln ra 
(silanol ^ iOH) , xuat hien. Su hip phu cac catton 
Câ ;̂ Na"; K ;̂ cac anion CI va SO4" ti-en Idp bl rail 
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C-SH (sSiOH) , FeOOH (sHFO.sOH va trta be mat cac khoang nay co the duoc bieu diSn 

3HFO_wOH), Quartz (>SiOH) v4 Kaolinite bang cac phan iing hip phu (Bang 5). Cac hang so 

(sKaoliniteOH) da duoc tich hpp trong ca so du lieu can bang dupe lay tit co so da lieu dupe phat tnfo boi 

cua nhiSt dong hpc phan ung. Qua trinh tao phiic Tran va nnk [16], [201-[21], Sveriensky vannk [22]. 

Bing 5. Phuong trinh hip phl̂  trtn hi mit C-S-H, FeOOH, Quartz vi KaoUnite va hfe so cto bang 
Nhom khoang 

C-S-H 

FeOOH 

Quartz 

Kaolinite 

Equation 
sSiOH « sSiO + H* 

sSiOH + Ca '*« sSiOCa* + H* 

sSiOH + CI « SiOHCl" 

sSiOH + Ca'* + C I « sSiOCaCl + H* 

aSiOH + Ca2* + SO,' « sSiOCaSO." H* 
sSiOH„„.,„ + Na*(K*) « aSiONa(K) + H* 

=SiOH,.k,™„„„ + Na* (K*) « sSiONa(K) + H* 

sHFO_sOH « sHFO_sO" + H* 

5HFO_wOH « sHFO v?0 + H* 

sHF0_s0HCa'* « sHFO_wOH + Ca'* 

sHFO_wOCa*+H*«sHF0 sOH-i-Ca'* 

sHFO_sOPb* + H * « s H F O wO +Pb'* 

sHFO_wOPb*+H*«sHFO sO" + Pb'* 
>SiOH*->>SiO" + H* 

>SiOH + H * « >SiOH2* 

>SiOH + Pb'* « >SiOPb* + H* 

sJCaoliniteOH « sKaoliniteO + H* 

sKaoliniteOH + H * « sKaoliniteOH/ 

sKaoliniteOH -i- P b ' * « sKaoliniteOPb* + H* 

lOgKjsT 

-12,7 

-9,4 

-0,35 

-9,8 

-8,5 
-13,75 

-12,66 
-8,93 

-8,93 
-4,97 

5,85 
4,65 

-0,3 

-8,1 

-1,1 
-5,3 

-8,1 

2,1 
-5,0 

mua ddn kha nang 
chi xet ddn 10 mm 
hda bao hda trong 
d 25°C nham giam 
nude mua xet d 20 

S.KETQUAVATHADLUAN 

Xet ddn anh hudng cua nude 
rua trdi Ca"̂ ^ cung nhu rd ri Pb*^, 
chidu dai Idp hdn hpp dat ciing 
mdi trudng nude mua d nhiet d 
thdi gian md phong, moi trudng 
mm chidu dai (Hinh 1). 

3.1. Kidm nghidm chinh xic md hmh bing kdt 

qui thi nghidm 

Kdt qua ciia md hinh sd dupe so sinh vdi kdt qui 
thi nghiem cua Du va nnk [11]. Hinh 3, 4 vi 5 bidu 
didn ket qua so sinh vd ham lupng chi rd ri ctia dit 
bim Cling hda sau 12 ngay ngam trong dung dich 
mua axit vdi cic pH=2, 4 va 7. 

A 

r 
A pH=4, thi nghifm 

— p H = 2 , nio hinh so 

X 
A A ^ A A 

Thtri giati (ngay) 

Hinh 3. So stoh k^t qua mo hinh v4 kA qua thi 
nghidm v^ sir rd ri cua chi Pb sau 12 ngay a^p xiic 

mi6c mua axit pH-2. Ket qua thi nghiem cua Du va 

nnk 111] 

Thm gian (ngay) 

Elinh 4. So sinh kdt qui md hinh v i kdt qua thi 
nghidm vd su rd ri ciia chi Pb sau 12 ngiy tidp xiic 
nude mua axit pH=4. Kit qua thi nghiim cua Du va 

nnk [11}. 
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• pH=7, Ihi Dghj^ 
—pH=7, mo Unh so 

keo theo luprng ion canxi mat ciing ldn hon. Hinh 8 
chi ra vi^c lupng portlandite hda tan ldn nhit khi pH 
nhd nhit. Khidn hidn tupng nia trdi didn ra mgnh 
nhat keo theo lupng chi bi rd ri Ii nhieu nhat, gay 
nguy CO d nhidm kim loai nang vio mdi trudng. Cd 
the thay kdt qua niy cua md hinh sd trimg vdi cac 
kdt qua thuc nghidm cua Du vi nnk [6], [11]-

_, 0.3 

= 0 25 -

Hinh 5. So sinh kdt qua md hinh vi kdt qua thi 
nghidm vd su rd ri ciia chi Pb sau 12 ngiy tidp xiic 
nude mua axit pH=7. Kdt qua thi nghiim cua Du va 

nnk [111 

Kdt qui so sanh cho thay md hinh cd kha nang 
du doan tuong ddi chinh xic lugng kim loai chi hi rd 
ri tai cac pH=4 vi 7 va kem chinh xic d pH=2 cd dp 
axit manh. Tuy nhien cac kdt qua du doin cua md 
hinh cho thay kha nang du doin gin diing lupng chi 
rd ri theo thdi gian ciia dat biin ciing hda. 

3.2. Anh hudng pH, mit canxi Ca*̂  toi rd ri chi 
Pb*^ 

Hinh 6 va 7 cho tiiay viec rd ri cua kim loai chi 
phu thupc khdng nhCtng vio pH cua mua axit m i cdn 
phu thupc vio ham luong ion canxi hi nia trdi. Hinh 
6 l i md ta su phu thupc cua Iuong chi rd ri theo ndng 
dp canxi Ca*̂  bi riia trdi vdi pHnn,3 3^,=2. 

^ 16 T 

• pH=2 
Linear (pH=2) 

O.OE+00 5.0E-04 l.OE-03 1.5E-03 
Nong Ai} Canxi [Ca~-] (mot/l) 

Hinh 6. Him lugng chi rd ri theo ndng dp camd Ca*̂  
bj nia ti-di vdi \i\{^^ ^̂ t =2 

Him lupng ion canxi bi rua trdi cang ldn thi 
lirpng chi bi ro ri cing nhieu. Didu nay quan sat dupe 
rd hon khi pH cua nude mua la 4 vi 7 dupe trinh bay 
ti-ong hmh 6. Vdi pH bing 4 va 7, Iuong chi rd ri thip 
hon rd ret so vdi pH=2, khi ma vdi pH=2, luong chi hi 
rd ri ldn nhat len tdi 16,5 mg/1. Idn hon rat nhidu 
khoang 55 lan 0,3 mg/11^ pH=4 va 7. Ddng thdi viec 
hda tan portlandite didn ra manh me d pH thap hon 

- • - p H = 7 

O.OE-HJO 5,0E-O4 l.OE-03 15E-03 2,OE-03 
Nong Aif Canxi (Ca-=] (moI/1) 

Hinh 7. Him lupng chi rd ri theo ndng dO camd Ca*̂  
bi nia trdi vcri pH^ua ,^=4,7 

mua 

ti,0.02 

I 

-1=12 ngay. pH=2 
-1=12 ngiy. pH=4 

1=12 ngay. pH=7 

// 

Hmh 8. Ham lupng Portlandite bi hda tan trong iii 
Cling hda bing xi ming 

4.KETLU9N 

Da xay dung md hinh sd nhim danh gii kha 
nang rd ri kim loai nang trong dat bun ciing hoa sir 
dung xi mang do mua axit. Md hinh du doin ham 
lupng ro ri kim loai chi Pb*^ theo thdi gian, k t̂ qua 
cua md hinh da dupe so sinh vdi kdt qua ciia thi 
nghiem da dupe cdng bd trude dd. Kdt qua mo hinh 
tuong ddi phii hop vdi kdt qua tiii nghidm cho thay 
md hinh sd xay dung ed dp chinh xic tuong ddi cao, 
Do vay, md hinh sd niy cd the duoc su dung lam 
cong cu dinh gii kha nang rd ri kim loai nang do 
mua axit gay ra thay vi tien hanh cic thi nghidm. 
Ngoai ra, md hmh da cho thay ham lupng chi r6 ri 
phu thudc rat ldn vao pH cua mua axit, pH cang th^ 
ham lupng chi ro ri cang Idn gap 55 Ian so vdi ham 
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luong chi ro ri toi pH-4 va 7. Dong thoi lop 
Portlandite bi hoa tan sau hon trong tnrdng hop 
pH=2 so voi pH=4 va 7, hi&n tinmg gSy ra lirong ion 
canxi bi rira troi ion hon lam tang ham luong chi ro 
ri. Cac nghien ciru nham kiem tra tinh chinh xac cua 
mo hinh vol di^u Iden dat biin cirng hoa tai Viet Nam. 

LHCAIVimi! 

Tac gia tran trong cam an sir hd tra ciia de tai 
khoa hoc va cdng nghd "Nghien cun cdng nghe cirng 
hoa dat bun nao vet dd sir dung trong san lap mat 
bing thay thd car, Ma sd DTDL CN-33/19. 

TAI UBI THAIVI KlUO 

1. J. H. Park, N. Bolan, M. IVIegharaj, and R. 
Naidu, "Comparative value of phosphate sources on 
the unmobilization of lead, and leaching of lead and 
phosphoms in lead contaminated soils," Science of 
The Total Environment, vol. 409, no. 4, pp. 853-860, 
Jan. 2011, doi: 10.1016/j.scitotenv.2010.11.003. 

2. J. R. Conner, "Chemical fixation and 
solidification of hazardous wastes.," VAN 
mSTSAND REINHOLD, NEW YORK, NY(USA}. 
1990., 1990. 

3. M. T. B.D. Bone, L H. Barnard, D.I. 
Boardman, P.J. Carey, CD. Hills, H.M. Jones, C.L. 
MacLeod, "Review of scientific literature on the use 
of stabilisahon solidification for the treatment of 
contaminated soil.solid waste and sludges," Bristol. 
doi:10.1016/].chemosphere.2004.04.005. 

4. X. D. Li, C. S. Poon, H. Sun, 1. M. C. Lo, and D. 
W. Kirk, "Heavy metol speciation and leaching 
behaviors in cement based sohdified/stobilized 
waste materials," Journal of Hazardous Materials, 
vol, 82, no. 3, pp. 215-230, Apr. 2001, doi: 
10.1016/50304-3894(00)00360,5. 

5. G. E. Voglar and D. Lestan, 
"Solidification/stabilisation of metals contominated 
industrial soil from former Zn smelter m Celje, 
Slovenia, using cement as a hydraulic binder," / 
Hazard Mater, vol. 178, no. 1-3, pp. 926-933, Jun. 
2010, doi: 10.1016/j.]hazmat.2010.02.026. 

6. Y.-J. Du, N.-J. Jiang, S.-L. Shen, and F. Jm, 
"Experimental investigation of influence of acid rain 
on leaching and hydraulic characteristics of cement-
based solidified/stobilized lead contaminated clay,"/ 
Hazard. Mater., vol. 225-226, pp. 195-201, Jul. 2012, 
doi: iai016/j.jhazmat.2012.04.072. 

7. H. D. Sharma and K. R. Reddy, 
Geoenvironmental Engineering: Site Remediation, 
Waste Containment, and Emerging Waste 
Management Technologies I Wiley. Hoboken: John 
Wiley, 2004. 

8. T. T. H. Pham, D6 Thi Ngoc Anh, M. T. Tran, 
N. K. Bill, and T. S. Le, "Danh gia di^n bifin mua axit 
a tinh Hoa Binh giai doan 2000 - 2014," Tap chi Khoa 
hoc BHQGHN: Cac Khoa hoe Trai dat va Moi 
OTidng, vol. 32. 

9. T. K. L NguySn, "NghiSn cuu thuc nghiem ve 
linh huong ciia mua axit len rau cai va tom su," Phan 
vien Khi hrong Thuy van va M6i truong phia Nam, 
2005. 

10. Ngo A. Q. and NguySn Q. D.. "Cling hoa biin 
- Giai phap hieu qua de xuly nen dat yeu," Khoa hoc 
- Cdngnghe va ddi mdi sang tao, p. 3, 2019. 

11. Y.-J. Du, IM.-L. Wei, K. R. Reddy, Z.-P. Uu, 
and F. Jin, "Effect of acid rain pH on leaching 
behavior of cement stabilized lead-contaminated 
soil," / . Hazard. Mater, vol. 271, pp. 131-140, Apr. 
2014, doi: 10.1016/j.]ha2mat.2014.02.002. 

12. T. Xu, N. Spycher, E. Sonnenthal, L. Zheng, 
and K. Pruess, 'TOUGHREACT User's Guide: A 
Sunulation Program for Non-isothermal Mulhphase 
Reactive Transport in Variably Saturated Geologic 
Media, Version 2.0," p. 240, 2011. 

13. A. C. Lasaga, Kinetic theory in the earth 
sciences. Princeton, N.J: Princeton University Press, 
1998. 

14. C. I. Steefel et al., "Reactive p-ansport codes 
for subsurface environmental simulation," Comput 
Ceosci, vol. 19, no. 3, pp. 445-478, Jun. 2015, doi: 
10.1007/S10596-014-9443-X 

15. D. Jacques, L. Wang, E. Martens, and D. 
MaUants, "Modelling chemical degradation of 
concrete during leaching with rain and soil water 
types," Cement and Concrete Research, vol. 40, no. 8, 
pp. 1306-1313, Aug. 2010, doi: 
10.1016/j.cemconres.201O02.008. 

16. V. Q. Tran, A Soive, and V. Baroghel-Bouny, 
"Modelisation of chloride reactive transport m 
concrete including thermodynamic equilibrium, 
kmetic control and surface complexation," Cement 
and Concrete Research, vol. 110, pp. 70-85, Aug. 
2018, doi: 10.1016/j.cemconres.2018.05.007. 

NONG NGHIEP VA PHAT TRIEN NONG THON - K'V' 2 - THANG 4/2020 87 



KHOA HOC CdNG NGHE 

17. I. Baur, P. Keller, D. Mavrocordatos, B. 
Wehrli, and C. A. Johnson, "Dissolution-precipitation 
behaviour of ettringite, monosulfate, and calcium 
silicate hydrate," Cement and Concrete Research, 
vol. 34, no. 2, pp. 341-348, Feh. 2004, doi: 
10.1016/j.cemconres.2003.08.016. 

18. J. L Palandri and Y. K. Kharaka, "A 
compilation of rate parameters of water-mmeral 
interaction kinetics for apphcation to geochemical 
modeling," U.S. GEOLOGICAL SURVEY, 2004-1068, 
Mar. 2004. Accessed: Mar. 22, 2020. [Online]. 
Available; https://pubs.usgs.gov/of/2004/1068/. 

19. V. Q. Tran, A Soive, S. Bonnet, and A 
Khehdj, "A numerical model including 
thermodynamic equihbrium, kinetic control and 
surface complexation in order to explain cation lype 
effect on chloride binding capabiUty of concrete," 
..Construction and Building Materials, vol. 191, pp. 

608-618, Dec. 2018, doi: 10.1016/j.conbuildmat 

2018.10.058. 

20. A Soive and V. Q. Tran, "External sulfate 
attack of cementitious matenals: New insights 
gamed tiirough numerical modeling including 
dissolution/precipitation kinetics and surface 
complexation," Cement and Concrete Composites. 
vol. 83, pp. 263-272. Oct 2017, doi: 
10.1016/j.cemconcomp.2017.07.024. 

21. V. Q. Tran et al., 'Temperature effects on 
chlonde bmding capacity of cementitious matenals," 
Magazwe of Concrete Research, pp. 1-39, Dec. 2019, 
doi: 10.1680/jmacr.l9.00484. 

22. D. A Sverjensky and N. Sahai, "Theoretical 
prediction of single-site surface-protonation 
equihbrium constants for oxides and silicates in 
water," Geochimica et Cosmochimica Acta, vol. 60, 
no. 20, pp. 3773-3797, Oct. 1996, doi: 10.1016/0016-
7037(96)00207-4. 

INFLUENCE OF ACID RAIN ON HEAVY METAL LEACHING OF STABILIZED SOIL USING 
CEMENTITIOUS BINDER 

Tran Van Quan, Ngo Anh Quan 
Summary 

Cement is commonly used m solidification/stabilization technology S/S to treat contaminated soil with 
heavy metals such as lead, arsenic, zinc ... However, the equilibrium of stabilized soil has a risk of instability 
under acid rain condiUons with pH ranging from 2 to 7, from strong acidic to neutral environment. The 
instability of stabilized soil causes the dissoluUon of the cement matrix thereby causing the ieachmg of 
heavy metals, especially lead, into the surrounding environment. Conducting environmental assessment 
experiments is often costiy. Therefore, the paper's research focuses on building a numencal model as a tool 
to assess lead leaching into the environment under the influence of acid rain wiih pH of 2, 4 and 7, 
respecUvely. The results of numerical model were compared with the experimental results from the 
literature. The numerical mode! can predict fairly accurately the amount of lead leaching. The amount of 
lead leaching is highest when the pH is smallest. The greater calcium ion is leached out inducing the 
higher of lead leaching. 
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