KHOA HOC CONG NGHE

ANH HUOGNG CUA MUA AXIT BEN SU RO Ri KIM LOAI
NANG TU DAT BUN CUNG HOA BANG XI MANG

TOM TAT

Trén Vin Quan', Ngé Anh Quéan?

Xi mang duge sir dung phé bién trong cong nghé cing héa/én dinh S/S (Solidyfication/Satbilization) nhim
xir ly ddt biin 6 nhiém cac kim loai nang nhu chi, asen, kém... Tuy nhién, hén hop dit bun cimg héa c6
nguy co bj mit 6n dinh can bing trong diéu kien mua axit vén pH thay dér tir 2 dén 7, tir mor trudng axit
manh dén trung tinh. Viéc mét 6n dinh hén hop ndy gay ra sur hoa tan khoang x1 mang thiy hoa tir do gay ra
viéc rd i kim loai nang dac biet 13 chi ra moi truémg xung quanh. Viéc thue hién cac thi nghiém danh gid
moi tnrdng thudng tén kém. Do vay, nghién ctu tap trung xay dimg mét moé hinh s nhu mot céng cy nhim
ddnh gi4 viéc rd ri kim loai chi ra mé1 truong dudi anh hudmg clia mua axit cd pH Jan uet 13 2, 4 va 7. Két
qua cita mé hinh duoc so sinh véi két qua thi nghiém a1 duoc cong bé. M6 hinh s6 c6 thé dy dosn tuong
déi chinh x4c lugng kim loai chi ré ri khi so sanh vén két qua thi nghiem. Lirong kim loai chi ré ri 1én khi pH
nhd, cing vén lugng 1on canx1 by nra tréi cang cao lugng chi réd rl cang 16n.

Tt khéa: Pat bun cumg hoa, xi mang, kim loal ndng, 6 nhiém, mua axit.

1. MG BAU

Sir 6 nhiém ctia dat boi kim loai nang, dac biet 1a
chi (Pb), 1a mot vin dé phd bién trén toan thé gici.
Pit bi 6 nhiém chi (Pb) phan bé trén quy mé toan
cdu va ham lugng chi cao thudng gap trong dat do
thi, ndng nghiép va khai thac mé quang [1]. Cac
nguén gay 6 nhiém chi chd yéu dén tir cic nganh
cong nghigp héa chat, hoa dau va luyen kim, xu ly
son ¢6 chira kim loai chi, khi thar tir xang dau chi, 1&
dot chat thai ran va cac hoat dong khai thac. Vi dy,
su tang trudng kinh té gin day va qua trinh do thi
héa nhanh chéng & cac nuéc dang phat trién dac biet
la su ra doi hang loat cia cac khu cong nghiép da
dan dén su 6 nhiém cia dat véi luong kim loai ndng
cao trong d6 c6 chi. O nhiém chi la mét van dé moi
truomg nghiém trong c6 nguy co lén déi véi suc khoe
cong dong va moi trudmg. Vi vay, viec xir ly dét bi o
nhiém chi 13 wu tién cAp bach déi vér cac vin dé mér
truomg.

Cong nghé x ly cimg héa/én dinh S$/8
(Solidification/Stabilization) dugc str dung rong rai
dé c6 dinh kim loai ning ciing nhu cai thién hé 6
thdm, hé s6 khuéch tan va ting cuong do bén cha dat
[2]. Chat két dinh géc xi mang thudng duoc st dung
cho gia ¢6 dit bing cong nghé xir ly S/S [3]. Dat sau
khi duoc xtr ly bing cong nghé S/S, cac kim loai
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nang t6n tai rong dit dudi dang cac pha kim loa
ngam nudc, cac hop chat kim loar canxi va hydroxit
kim loa, & dang it hoa tap, it di dong hodc giam doc
hai [4]. Khi d&t, dugc ga c6 bing cong nghé xir ly
S/S dira chat két dinh ¢6 tinh chat x1 mang, tiép xuc
vér nuée mua hodc nuéc ngam, c6 thé xay ra su ro ri
kim loai nang. Hién tuong nay da duge ghi nhan trén
nhiéu noi trén thé giéi, qua trinh nra roi kim loai
ning ra khoi dit duoc cing héa bang x1 mang phuy
thuéce vao hé sé khuéch tan va sir hoa tan cla cac
khoéng cé trong ddt cimg héa (5].

Sy rd 1 kum loal nang tr dat cimg héa do mua
axit gay ra la méi quan tam & nhiéu non trén thé gici
nhu Hoa Ky, dac biét 1a Trung Quéc noi ¢6 téc do
phat trién céng nghiép 16n nhét thé gioi. Tai thanh
phd Nam Kinh, pH thap nhat ghi nhan duoc do mua
axit 1a 2.89 ¢6 tinh axit manh [6]. D6 pH ctia mura axit
rat khac nhau tily thugce vao vi tri, ¢6 thé tir pH c6
tinh axit cao ~ 2,0 dén diéu kién trung tinh ~ 7,0 [7].
Theo Pham Thi Thu Ha va nnk (8], mua axit da duge
ghi nhan & hau hét cac tinh thanh trong ca nude, dac
biét & c4 cac khu vyc nong thén mién ntu tai Viét
Nam. Tén suit xuit hién mua axit tai cc tinh déng
bing song Ciru Long déc biét cao, s6 héu ghi nhan
tAn sudt nay trong muoi nam la 58% tai Can Tho va
39,8% tai Ca Mau theo bao cao clia Nguyén [9]. Pac
biét véi tinh chdt nén dat yéu cia PBSCL, cong nghe
xir ly $/S c6 tiém nang tmg dung réng rai {10], do do
anh huong cha mua axit dén /mg dung cong ngheé xir
1y S/S vao bin hoac dat yéu trong viéc xir ly méi
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truomg bay xay dyng la diéu cin dang duoc quan
tam.

Khi dit yéu hodc bin duoe cimg hoa bing xi
mang tiép xuic voi mua axit, cac jon H- c6 trong mua
axit sé dé dang phan img véi cac khoang thiy héa
chi yéu cia xi mang nhu portlandite Ca(OH), va
canxi sihcat hydrat C-S-H (CSH1.6, CSHO.8) hinh
thanh trong dét, dan dén d¢ pH cia dit giam gay hoa
tan dan dan Ca(OH), va C-S-H. Két qua 13, mot lugng
ion Ca'2nhat dinh c6 thé dugc giai phong tir dat cimg
hoéa. Viéc mat ion Ca'? c6 thé tac dong tiéu cuc dén
kha nang dém cua dat cung nhu ciu tric clia hat dat
[6]. Hau qua 1a, viéc ro ni kim loai nang tir dat cung
hoéa bing xi mang se tang lén gay anh huong t6i moi
trudmg xung quanh. Tuy nhién, cic nghién ciu vé tac
déng coa mua axit doi voi tinh chat loc va khuéch tan
ctia kim loai nang 14 rat han ché. Hon nira, méi quan
hé gitra néng @6 1on Ca'2bi nra troi va kim loai ning
ro ri ra méi trudmg chua duge dinh lueng. Du va nnk
[11] d4 nghién ctru thye nghiém van dé nay.

Tuy nhién cac nghién ciu thye nghiém vé anh
huong cta dat bun cimg hoa dén moi truomg xung
quang 1 tuong déi dét dd va con méi mé tai nudc ta.
Nham dua ra mét cong cu giup danh gia anh huong
cla mua axit véi hon hep dat bun cimg hoéa bing x1
mang téi viéc ro ri kum loai ndng ra moi truong xung
quanh, mo hinh s6 dua trén mé hinh truyén chat
phin uing sé dugc gioi thiéu. K&t qua mé hinh sé
duoc so sanh véi két qua thue nghiém cong bé trong
nghién ctu ciia Du va nnk [11].

2. COSOLY THUYET MO HiN TRUYEN CHAT, PHAN UNG VA
HINH HOC MO HINH

2.1. Ly thuyét mé hinh truyén chét va phia (mg

Céc tinh toan mo phong déu duoc tién hanh boi
mo hinh truyén chdt, phan img trong cong cy mé
phong Toughreact [12]. Cong cu nay mé phéng qua
trinh truyén chat doi luu va khuéch tan ciing nhu qua
trinh phan (mg hoéa hoc bao gdm cac phuong trinh
tao phirc trong dung dich, hoa tan/két tia cua cac
khoang theo ly thuyét nhiét dong hoc véi tdc d6 phan
img titc thoi. theo phuong trinh 1 ho#c Iy thuyét
déng hoc vén toc do phan tng cua Lasaga va nnk (13)
théa man phuong trinh 2.

,S=|03[K:I.H(Y;C')h ]

v
sl

m=to.n, O

Trong d6: K, - hing s6 can bang cia khoang
m; v, : hé s6 can bing: Y,: hé s6 d¢ hoat dong cia

chat co ban j; C: néng do chat j trong dung dich
(mol/kg nuéc); N.: 56 luomg chat co ban: Ny s6
lrong khoang du6i can bang nhi¢t dong hoc. Trang
thai can bang hay khong can bang cua cac khoang
trong dung dich duge mo i thong qua chi s6 bio
hoa IS (Index of Saturation). Poi voi mot khodng,
néu 1S=0, dung dich & trang thai bio hoa, khoang
can bang khong kél tia, khong hoa tan. Néu 1S<0,
dung dich & trang thai dudi bao hoa, khoang tiép
tuc by hoa tan. Trong truémg hop cudi cung, 1S > 0,
dung dich trén bao hoa, hién tuong két tua khoang
xay ra.
r, =f(cl,c:,....c‘\,()=ikﬂAﬂ|l—ﬂf|" n=t.N, @
Trong dé cac gia tn duong cia r, biéu thi sy hoa
tan va gia tri am 13 két tia, k, 1a hing so tdc d phan
umg (s6 mol trén mot don vi dién tich bé mat khoéng
va don vi théi gian), A, la dién tich bé mat phén img
cu thé rén mdi kg H,0. Hing s6 téc do phan img k
phu thugc vao pH cia moi truémg duoc biéu dién
thong qua_phuang trinh 3:
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Trong dé, nu 1a co ché trung tinh voi pH=7,a 12
do hoat dong coa cac ion ma tdc d¢ phan (mg phy
thutc; n 12 he s6 ma; E, 1a nang luong kich hoat; T
nhiét do.
Phuong trinh két hop truyén chat va phin img
duoc biéu dién dudi dang phuong trinh 4

305G, 9(p5,09C)-9(4C)- 1,8, - Sv. RS
@

Voi ¢ la d¢ réng moi trudmg xop & day cu thé
la mor truomg hén hop dat bun cimg hoa, S, 13 do
bdo hoa ctia méi trudng dat ban cimg hoa, mdi
truong bio hoa Si=1, C, 1a ndng d¢ ion i c6 trong
dung dich; D, h¢ s6 khuéch tan hi¢u qua trong moi
truomg hén hop dat ma ¢ ; q la van téc cua dong
nuac, trong truomg hop khong ap, q=0; R, R, R
Jan lugt 12 s6 mol cia phan tmg tao phic trong
dung dich (vi dy tao phic phan tir CaCl, bing Ca*
va C1), phan umg hoa tan/két tia ctia chat rin va
phén ing cta chat khi (vi dy CO, + H,0 ~HCO;+
H*) 5 v, vim va v, 1dn luot la he s6 can bang trong
phan img.
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Hinh 1 thé hién mot buéc thoi gian trong qud
trinh mé phong két hop truyén chat va phan img
trong méi ruéng x6p nhu bé tong va dat.

Buot thoi gian
n

Hinh 1. K&t hop truyén chét va phin ing trong mét
budc thoi gian
Phan c6 dinh hoac chét ran dugc danh gid bing
céc tinh toan phan tng hoa hoc, trong khi pha long
chi 1a két qua cia qua trinh truyén chat. Tir quan
diém s6, truyén chat va phan img dugce két hop thong
qua mot thuat toan 13p tudn hoan. Cac phan tmg héa

hoc duoe giai bing phuong phap thanh phan co ban
theo thuat toan Newton Raphson. Dong chay va
truyén chét dua trén cach tép can phdn tr daj dién
(Representative Elementary Volume - REV) trong
tinh todn thé tich hiru han. D& tim hiéu ky hon vé
cach gidi cac phuong trinh két hop truyén chat va
phan {mg c¢é thé tham khéo thém trong nghién ctru
cua Steefel va nnk [14].

2.2. Hinh hoc mé hinh

Dit gia cumg héa trong nghién ctru ciia Du va
nnk [11] c6 thanh phén la cac khoang thily hoa xi
ming, cic thanh phén khoang khic cua dat sét
kaolin bao gém kaolinite chiém chii yéu ngoai ra con
c6 muscovite va quartz (thach anh), déng théi mot
luomg kim loai chi Pb ciing dugc tron vao trong hon
hop nhdm mé phéng su 6 nhiém chi ctia dat bin can
dugc xit ly. Ty 1é cép phéi duoc sir dung trong nghién
ctru ctia Du va nnk (11] : Pat/Xi mang/Chi=86/12/2
Céc khoang nay dugc liet ke trong bang 1.

Béng 1. Thanh phdn khoéng c6 trong 1 dm® hén hep d4t cimg héa
Stt Khoang Céng thirc Ty lé thé tich
1 Quartz(alpha) Si10, 0,00414
2 Kaolinite ALS1,05(0H), 0,790
3 Muscovite KAL(AlSi) 0,4(OH), 0,200
4 Portlandite Ca(OH), 0,0473
5 Calcite CaCO, 0,0031
6 Monosulfoaluminate Ca,ALCO3(0OH) ,(H,0)6 0,0027
7 C1.6sh Ca,4(510;0) (H;0), 55 0,0325
8 Cl1.2sh Ca, 5(5i0; ) H,0),05 0,0
9 C0.8sh Cay(Si0, ) H,0), 5 0,0038
10 Goethite FeOOH 0,0103
11 Hydrotalcite Mg,AlL,0,.10H,0 0,1408
. Hinh 2 mé t& co ché tuong tic gira nudc dudi
: »Pbr: dat va cac khoang cé trong hén hop dat cimg hoa
. o bing xi mang. Théng qua co ché truyén chit, nuoc
o trong dat xam thuc vao hn hop dat gia cé théng qua
Dét hos w [ cac 16 rong va bat dau tao ra qua trinh mat can bang
it hoa " L , . R Coa o e
cirng sop 2" gitta cac khoang va dung dich nuoc dqm dat, wr do
bing xi ) ‘D:nu dich khié‘q cac khoang bj hda tan va mot s6 khoang méi
mang 7 mua axil sé két tha.
Ngoai ra thanh phén héa hoc nude dudi dat duge
trinh bay trong bang 2 duoc ldy tr nghién ciu cua

[ 10mm ! 20mm
e L . L L. S
T

Hinh 2. Qué trinh tuong thc gitra nuéce mura axit va
hén hop dét cimg héa bing xi mang
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Jacques va nnk [15] va Du va nnk [11). Bing 3 trinh
bay néng do cac chat ¢o trong nuoc 16 réng cuia dat
cimg héa duoc tinh fr phan mém Toughreact.
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Bang 2. Thanh phan héa hoc cha nuoc ngim duge
hinh thanh tir nuéc ma [11], [15]

m—

Bang 3. Thanh phén héa hoc ciia nutc 16 rbog €6

trong d4t cimg héa
Néng do (mol/1) :::‘;‘"h phénion | Néng d0.{
2,0 m 7.0 CO:,Z 2.52x10
: 267x10% | 137x107 | 2,67x10° m
Ca? | 53507 | 535x10° | 547x10° cr T 39x10°7
cr 182x10° | 3.22x107 | 657x10” K T g0axI0”___|
K 2.94%10° | 391x10° | 5.34x10° Na* 23.3%10°
Na‘ 17010~ | 3.72x10° | 8.79x107 Mg'? 1.39x10
Mg'? 227x10° | 6.22x10°" 8.27x10° | NeR 8.5x10”
k SO7 | 267x10" | 131x10" | 8.67x10” ar @—
[ ar Lo2x10° | 3.02x10% [ 1.02x10° Pb? 0.06679
[ e 0 0 0 2.3. Tham s6 tdc d¢ phan img
Bing 4. Céc tham 8 cho mo hioh déng lyc hoc phin img
Stt Khoéng k{mol.m?s") A(m?/g) ]
1 Quartz(alpha) 3.98x10" 000098 |
2 Kaolinite 6.61x10™ 0.00098 |
P 3 Muscovite 3.16x10™" 000098 |
4 Portlandite 2.24x10* 16,5
5 Calette 1.55%10° 0,00098
6 Monosulfoaluminate 6.76x10" 57
7 Cl.6sh 2.75%10" 41
8 Cl1.2sh 2,75x10™ 41
9 C0.8sh 2,75%10™ 41
10 Straetlingite 2,75x10" 41
11 Ettringite 7,08x10™ 9,8
12 Goethite T thi |
13 Brucite Tirc thi |
[ 1 Hydrotalcite T thi - ]

Cac tham s6 téc d¢ phan img duoc trich dén o
cac nghién ctru ciia Tran va nnk [16), Baur va nnk
117, Palandri va nnk |18]. Bang 4 liét ke cac tham s¢
cua téc do phan img cac khoang st dung trong mo
hinh.

Cac khoang duoc gia sit co toc do hoa tan bang
voi toc do két tua. Hydrotalcite, Thaumasite va
Brucite ¢6 toc dé phan tmg nhanh, tudn theo ly
thuyét nliét dong hoc phan tmg.

2.4. M6 hinh tao phitc b& mat hap thy chi

Viéc sir dung xi mang trong viéc cung héa dat
bun yéu giup cai thién hé s6 tham cing nhu he s6
khuéch tin cta cac ion trong maéi truong dat cimg
héa, déng thoi virn xi mang ma tnre tiép la cac

khoang canxi silicate thly hoa C-SH, sit hydoxit
FeOOH giip hép thy va ¢ dinh cac kum loai nang
nhu Pb, Cd. As trén bé mat thong qua qua trinh tao
phirc trén bé mat. Qua trinh ndy cing 6 thé diénra
twong tu trén bé mat cua thach anh (Quartz) vi
Kaolinite.

Trong vat lieu x3p nhu dél hodc xi mang, phin
\mg vat ly va hoa hoc giira cac ion va bé mat khodng
6 thé xdy ra, d6 13 qué trinh hip thu trén bé mat
khoang. Nhimg phan tmg nay chu yéu dién ra trén
bé mal khoang trong méi truong bé tong. Cac anion
va cation di chuyén qua vat liéu va cac phan img gie
cac 10n nay va bé mat khoang C-SH dugc ditn @
(silanol =SiOH), xuit hién. Su hap phu céc cabo
Ca®; Na’; K*; céc anion Cf va SOZ™ trén lop bé mit
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CSH (sSiOH) , FeOOH (sHFO_sOH va
sHFO_wOH), Quartz (>SiOH) va Kaolinite
(=KaoliniteOH) da dwec tich hgp trong co o dir liéu
ctia nhiét ddng hoc phan tmg. Qud trinh tao phirc

trén bé mat cac khoang nay c6 thé duoc biéu dién
béng cac phan img hdp phu (Bang 5). Céc hing s6
can bing duec lay tir co so dir lieu duee phat tién boi
Tran va nnk (16}, [20]-[21], Svenensky va nnk [22].

Biéng 5. Ph trinh hép phy trén bé mit CSH, FeOOH, Quartz va Kaolinite va hé s6 can bing
Nhoém khoang Equation B logKysc
=SiOH « =Si0 + H* -12,7
=SiOH + Ca* & =Si0Ca* + H' 94
=SiOH + Cl & SiOHCI 0,35
C-SH =SiOH + Ca® + CI «» =Si0CaCl + H* 98

=SiOH + Ca2' + SO % «+ =5i0CaS0, H* -8,5
=SiOH, g + Na*(K') & =SiONa(K) + H* 13,75
=SiOH wpemome + Na* (K*) <+ =SiONa(K) + H* -12,66
=HFO_sOH & =HFO_sO +H* -8,93
=HFO_wOH < =HFO_wO + H' -8.93
=HF 2 O N

F2DOH =HFO_sOHCa* « =HFO_wOH + Ca® 4,97
=HFO_wOCa' + H' «» =HFO_sOH + Ca* 585
=HFO_sOPb* + H' & =HFO_wO' + Pb* 4,65
=HFO_wOPb* + H' & =HFO_sO' + Pb* 0.3
>SiOH « >S10" + H* 8.1

Quartz >SiOH + H* « >SiOH," 1,1

>SiOH + Pb* © >SiOPb* + H* 5,3
=KaoliniteOH «— =KaoliniteO + H* -8,1

Kaolinite =KaoliniteOH + H* — =KaoliniteOH," 2,1
=KaoliniteOH + Pb* — =KaoliniteOPb" + H* -5,0

3. KET QUA VA THAD LUAN

Xeét dén anh hudng cia nuéc mua dén kha nang
rira troi Ca? cang nhu rd ri Pb*?, chi xét dén 10 mm
chiéu dai 16p hén hop dat cimg héa bao hoa trong
moi truong nuéc mua & nhiét do 25°C nham gidm
théi gian mo phéng, moi truong nude mura xét & 20
mm chiéu dai (Hinh 1).

3.1. Ki€m nghiém chinh x4c mé hinh bing két
qué thi nghiém

g

@ pH 2. thunghiém
——pH=2, m& hinh s6

<

L
- —

Néng dj chu Pb"2rodl /L)
L om

<

9. 12 15
° ? i san (i)

Hinh 3. So sanh két qua mé hinh va két qua thi
nghiém vé sird ri ctia chi Pb sau 12 ngay tiép xuc
nubc mua axit pH=2. Két qua thi nghiém cia Du vd

ank [11]

Két qua cua mé hinh s6 dugc so sanh véi két qua
thi nghiém cua Du va nnk [11]. Hinh 3, 4 va 5 biéu
dién két qua so sanh vé ham luong chi ro ri cua dat
bun cung hoa sau 12 ngay ngam trong dung dich
mura axit voi cac pH=2,4va 7.

04
A pH=4, thi nghi¢m
:a}u() 3 A ——pH- 2. mé hinh s6
E
=
<3 02
5 A A
e
£
o1+
z AAT AA
ol
0 3 6 9 12 s

Thon gian (ngay)

Hinh 4. So sanh két qua m6 hinh va két qua thi
nghiém vé sy rd ri cia chi Pb sau 12 ngay tiép xic
puoc mua axit pH=4. Ket qua thi nghiém cia Du vi

nnk [11)].
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04
R © pH=7, thi nghiér
=03 . ——pH 27, mé hinh s
<
Zo02+
el
Fo
Z

i gian (ngly)

Hinh 5. So sanh két qua mé hinh va két qua thi
nghiém vé sy rd ri ciia chi Pb sau 12 ngay tiép saic
nuéc mua axit pH=7. Két qua thi nghiém ctia Du va

nnk [11].

Két qua so sanh cho thdy mé hinh c6 kha ning
du doan tuong déi chinh xéac lhwgng kim loai chi bj ro
i tar cac pH=4 va 7 va kém chinh x4c & pH=2 c6 d¢
axat manh. Tuy nhién céc két qua dy doin cha mé
hinh cho thay kha nang du do4n gan ding luong chi
1o 1 theo thoi gian cva dat bun cimg hoa.

3.2. Anh huéng pH, mét canxi Ca*? téi ro ri chi
Pb’l

Hinh 6 va 7 cho thay viéc ro ri cua kim loai chi
phu thuoc khong nhimg vao pH cia mua axit ma con
phu thugc vao ham luong ion canxi by rim tréi. Hinh
6 14 mo ta su phu thubc ctia luong chi ro ri theo nong
d¢ canxi Ca*? bi nira r6i voi pH e v =2-

~ 16

S

S .

Bl e

BT .

- ——Linear (pH=2)

= .

c .

z 12 .

z . ¢

B .’

<10 *

@

£

z 8 1
0.0E~00 S.0E-04 1.0E-03 1.SE-03

Nong do Canxi [Ca™) (mol)

Hinh 6. Ham lugng chi rd ri theo ndng d¢ canxi Ca?
bi rira trdi véi pHp g 2 =2

Ham luong ion canxi bi nra tré1 cang lon thi
r6 hon khi pH ctia nuée mura 1a 4 va 7 duoc trinh bay
trong hinh 6. Voi pH biing 4 va 7, luong chi rd i thap
hon rd rét so voi pH=2, khi ma vé1 pH=2, luong chi bi
ro ri 1on nhat lén téi 16,5 mg/l, lon hon rat nhiéu
khoang 55 lan 0.3 mg/! tai pH=4 va 7. Déng théi viec
hoa tan portlandite dién ra manh me & pH thip hon
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kéo theo luong ion canxi mat ciing lon hon. Hinh 8
chi ra viéc luong portlandite hoa tan lon nhat khi pH
nho nhat Khién hién twgng rira troi dién ra manh
nhét kéo theo lugng chi by ro ri 1a nhiéu nhét, gay
nguy co 6 nhiém kim loai nang vao moi tudng. Co
thé thiy két qua nay cua mé hinh s6 trung voi cac
két qua thyc nghiém cda Du va nnk [6], [11].
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Hinh 7. Him luong chi ré ri theo ndng d6 canxi Ca*?
bi rira tréi véi pHopn g =4, 7
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Hinh 8. Ham lugng Portlandite bi hoa tan trong d4t
ctmg héa biing xi mang

4. KET LUAN
Pa xay dyng moé hinh s nhim danh gis kha
nang ro ri kim loai ning trong dat bun cimg héa st
dung xi mang do mua axit. M6 hinh du doan ham
luong ré ri kim loai chi Pb* theo thi gian, két qui
cia mo6 hinh da duoc so sanh véi két qua cia thi
nghiém da duoc cong bé trude do. Két qua mo hish
twong déi phit hop voi két qua thi nghiém cho thiy
mo hinh s6 x4y dung cé do chinh xac tuong di czo.
Do vay, m6 hinh s6 nay c6 thé duoc sir dung lim
cong cu danh gia kha niang ro i kim loai nang do
mua axit gay ra thay vi tién hanh cac thi nghiém.
Ngoai ra, mé hinh da cho thdy ham luong chi rd
phy thujc rat 16n vao pH cia mua axit, pH cang thip
ham luong chi rd ri cang lon gép 55 1an so vdi him
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lvong chi ro ri tai pH=4 va 7. Péng thoi lop
Portlandite bi hoéa tan sau hon trong truéong hop
pH=2 so véi pH=4 va 7, hién tuong gay ra luong ion
canxi by rira troi l6m hon lam ting ham lueng chi ro
ri. Cac nghién ciru nham kiém tra tinh chinh xac coa
mo hinh véi diéu kieén dat bun cimg héa tai Viet Nam.
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INFLUENCE OF ACID RAIN ON HEAVY METAL LEACHING OF STABILIZED SOIL USING
CEMENTITIOUS BINDER

Tran Van Quan, Ngo Anh Quan

Summary
Cement 1s commonly used wn solidification/stabilization technology S/S (o treal contaminated soil with
heavy metals such as lead, arsenic, zinc ... However, the equilibrium of stabilized soil has a risk of instability
under actd rain conditons with pH rangng from 2 to 7, from strong acidic to neutral environment. The
instability of stabilized soil causes the dissolution of the cement matrix thereby causing the leaching of
heavy melals, especially lead, nto the surrounding environment. Conducting environmental assessment
experiments is often costly. Therefore, the paper’s research focuses on bulding a numencal model as a tool
to assess lead leaching into the environment under the influence of acid ram with pH of 2, 4 and 7.
respectively. The results of numerical model were compared with the experimental results from the
literature, The numerical model can predict arly accurately the amount of lead leaching. The amount of
lead leaching is highest when the pH 1s smallest. The greater calcium ion 1s leached out inducing the

higher of lead leaching.

Keywords: Siabilized soil. cement, heavy metals, lead. pollution, acid ramn.
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