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Abstract: Along with population growth and increasing social demands, the volume of municipal
solid waste (MSW) has been rising significantly. At present, municipal solid waste incinerators are
being widely used in many localities. This method considerably reduces both the volume and mass
of waste; however, a large amount of bottom ash generates. Bottom ash is a solid residue that
primarily accumulates non-volatile components such as metal oxides (silicon, iron, aluminum, etc.)
or carbonate, sulfate, and chloride salts of sodium, potassium, calcium, and magnesium. In this
study, the concentrations of extractable major ions (Na*, K*, Ca?", Mg*") in bottom ash from
municipal solid waste incineration were investigated under different conditions (extraction time,
solid—liquid ratio, and type of extractant). The results show that the shaking time of four hours and
a solid-to-liquid ratio of 1:25 are suitable for extracting the major ions Na*, K*, Ca?*, and Mg?* from
municipal solid waste incineration ash samples. In addition, citric acid is an effective and selective
extracting agent for Ca?* ion. The obtained results provide a scientific basis for further research on
the recovery of valuable components from bottom ash, thereby contributing to its effective reuse.
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Tém tit: Cung voi sy gia tang dan s6, nhu cau x4 hoi, luong chat thai ran sinh hoat phat thai ngay
cang lon. Hién nay, ¢ nhiéu dia phuong, cac 16 d6t chat thai rin sinh hoat dang dwoc sir dung kha
phd bién. Phuong phép nay lam giam dang ké thé tich va khdi lugng ciia rac thai. Nhung sau qua
trinh d6t s& dé lai luong 16n tro xi. Tro xi 1a pha tich liiy cc thanh phan kho bay hoi nhu cac oxit
kim loai (silic, sit, nhom,...) hay cac mubi cacbonat, sunfat, clorua cua natri, kali, canxi va magie,...
Trong nghién ctru nay, thinh phan mot s6 ion (Na*, K*, Ca2*, Mg?") c6 thé chiét tach ra tir cac miu
tro xi 10 @6t chat thai ran sinh hoat trong cac diéu kién khac nhau nhu thoi gian chiét, ti 16 ran long,
loai dich chiét s& dugc khao sat. Két qua nghién ctru cho thiy cac diéu kién chiét thoi gian lic 4 gio;
ti 16 ran/long 1:25 1a phu hop dé chiét cac ion Na*, K*, Ca®*, Mg?* tir cac mau tro xi 10 d5t CTRSH.
Bén canh do, axit citric 1a tic nhan chiét hiéu qua va chon loc dbi v6i ion Ca?*. Cac két qua thu dugc
s& 1a co so khoa hoc cho cac nghién ctru tiép theo nham thu hdi t6i da nhitng thanh phan c6 gié tri
tur tro xi, hudng t6i viée tai st dung hi€u qua tro xi.

Tir khéa: Tro xi, 10 d6t chit thai rén sinh hoat, ion d& chiét.

1. M& dau

Cong nghé dbt chat thai rin sinh hoat
(CTRSH) dugc 4p dung kha phd bién trén thé
giéi va & Viét Nam s& tao tro day la phan chat
thai ran con lai sau khi thiéu dot va tro bay la
phan byi min dugc giit lai trong qué trinh xir 1y
khi thai 1o d6t [1-5]. C&c nghién ctru ciing da chi
ra rang thanh phin chinh cac hop chét cia tro xi
day 16 1a Ca0, SiO,, Fe,03 va Al,O3 (>10% khdi
lugng), tiép theo 1a Na,O, K,O, MgO va TiO;,
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dugc phat hién v6i mot lugng nho hon (0,4-
0,5%). Céc thanh phan ion nay thudng ton tai &
trong tro Xi dudi dang cac oxit kim loai, hydroxit
va cac mudn cacbonate, sunfat va clorua [1-3,5, 6]
Céc nghién ctru vé ddc tinh cia tro xi 1o dbt
CTRSH ¢ Viét Nam ciing cho thay bén canh sy
ton tai ciia mot s6 thanh phﬁn kim loai ning doc
hai ndm & cac phéan doan lién két bén, khoé trao
d6i va chiét ra trong diéu kién thudng, con co
mdt sb khoang vo co da lugng, va trung luong co
ich cho sy phat trién cia cdy trong trong tro xi
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nam & dang lién két dé hoa tan hodc dé trao ddi
trong tro xi [2, 4].

Nhiéu qui trinh, diéu kién chiét tach da dugc
st dung nhu chiét béng axit va/hodc kiém, chiét
bang nude két hop véi bd sung axit HsPOs, axit
HNOs, HCI v6i cac néng d6 khac nhau, moi
truong pH khac nhau, ti 1¢ ran/long,... dé tach
chiét cac thanh phan khac nhau nhu mubi clorua
kiém nhu NaCl, KCl va CaCl,, cic mudi dé hoa
tan, cac kim loai nang, kim loai nang ludng tinh
tir tro bay va tro xi day 10 dot CTRSH [2, 7-11].

Vi véy, nghién ctu nay tép trung danh gia
anh hudng cta diéu kién chiét (gdm thoi gian lic,
ti 1& ran/long, so 1an chiét va loai dich chiét) t&i
ham luong cia mot s6 ion thuong ton tai & dang
lién két dé trao ddi, d& hoa tan trong tro xi, bao
gdbm Ca, Mg, Na va K. Cac két qua thu duoc
s& 1a co so khoa hoc cho cic nghién ctru tiép
theo nham thu hoi t6i da nhitng thanh phan c6
gia tri tur tro xi, hudng téi viée tai st dung hiéu
qua tro xi.

2. Thuc nghiém
2.1. Nguyén liéu

Thi nghiém khao sat cac diéu kién chiét dugc
tién hanh trén 03 mau tro xi day 10 dugc 1y tir 16
d6t CTRSH qui mé cap x4 tai Vinh Phiic (nay la
tinh Pht Tho) (VP1 va VP2) va Hung Yén (HY).
Céac mau tro xi sau khi mang v& PTN s& duoc loai
b6 céc thanh phan rac tho hodc thanh phéan chua
chay hét, phoi kho ty nhién. Cac nghién ciu
truéc do ciia nhom tac gia vé thanh phin cac
nguyén t6 bang pho huynh quang tia X (XRF)
cho thay thanh phan cic nguyén t6 chinh trong
cac mau tro xi VP1, VP2 va HY st dung &
nghién ctru nay lan lugt 1a CaO > SiO; > Al,03
~ Fe;0;3 > K20. Trong d6, c6 thanh phin céac
nguyén té Ca, K tinh theo CaO va K0 dao dong
lan luot trong khoang 55-60% va 1,83- 4,44%.
Ngoai ra, Na va Mg c6 ham lugng nhd hon,
khong xéc dinh dugc bang phuong phap XRF.

Hoéa chat: nuéc cat 2 lan, axit citric 98%
(Merck), HNO; dic (PA, Trung Qudc).

2.2. Quy trinh thi nghiém

2.2.1. Khado sdt anh hwéng cia thoi gian ldc

Cén 2 g tro xi vao binh nén 250 mL sach,
kho. Thém vao mdi binh nén 50 mL nudc cat 2
lan, l4c nhe. Chuyén toan bg binh nén 1én may
lac va lac trong cac khoang thoi gian khac nhau
12 0,5; 1; 2; 4 va 6 gio.

Sau cac khoang thoi gian trén, loc 1iy dich
chiét, axit hoa bang cach thém 1-2 giot HNOs
déc va bao quan dich chiét ¢ tu lanh dé x4c dinh
ndng do cac ion Na*, K*, Ca?*, Mg? bang thiét
bi AAS (AA6800 — Shlmadzu)

2.2.2. Khdo sdt danh hwong cua ti I¢ ran/long

Tién hanh thi nghiém chiét tuong tu nhu muc
2.2.1, véi cac ti 1¢ ran/long khac nhau 12 1:10 va
1:25 (wiv).

2.2.3. Khdo sat ham lwong cac ion gidi
phong ra véi qui trinh chiét lap lai véi nwde

Tién hanh thi nghiém chiét tuong tu nhu muc
2.2.1 voi ti 1€ R/L 1a 1:25 trong thoi gian 4 gio.
Sau khi lic xong, dé yén miu trong 1 gid. Sau
khi tro xi ling xudng, tién hanh ly tim, gan, tach
dich chiét, thu duoc dich chiét lan 1. Phan dich
chiét 1an 1 thu duoc tién hanh loc qua gidy loc,
axit hoa bang cach thém 1-2 giot HNO; dic va
bao quan ¢ ti lanh. Tiép tuc thém vao phan cin
tro xi con lai mot thé tich xac dinh nude cit 2 1an,
lic trong 4 gio, thu duoc dich chiét 1an 2. Tién
hanh 13p lai cac budc & trén, ta thu dugc dich
chiét 1an 3.

2.2.4. Khado sdt qui trinh chiét véi axit citric

Ap dung cac diéu kién tbi wu & trén, tién hanh
thi nghiém chiét véi 03 miu tro xi VP1, VP2 va
HY str dung tac nhan chiét 1a axit citric 0,1 M va
0,5 M.

3. Két qua va thao luin

3.1. Anh hwéng cia thoi gian ldc

Két qua khao sat anh hudng ciia thoi gian lic
to1 ham lugng cac ion gidi phdng ra trong mau
tro xi VP1 va VP2 dugc trinh bay trong Hinh 1
va 2.
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Két qua cho thdy nhin chung ham lugng cac
ion giai phong ra & cac thoi gian lic 1a khong
khac nhau dang ké. Tuy nhién, tai thoi gian lic
4 gio lugng ion giai phong ra 1a nhiéu nhat.

Bén canh d6, mau tro xi VP2 ¢6 ham luwong
céc ion giai phong trong qué trinh chiét véi nudc
cao hon so véi mau tro xi VPI1, dic biét 1a cac
ion Mg?* va Ca?*. Su khac nhau nay c6 thé 1a sy
khac nhau vé thanh phan cht thai rdn sinh hoat
ban dau ciing nhu qui trinh dét tai 2 16 dbt.
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Hinh 2. Anh hudng cua thoi gian lac
doi v6i mau tro xi VP2.

3.2. Anh huong ciia ti 1¢ ran/long

Két qua khao sat anh huong cua hai ti 18
ran/long (1:10 va 1:25) t6i ham luong cac ion
giai phong ra trong mau tro xi VP1 va VP2 dugc
trinh bay trong Hinh 3 va 4.

Két qua cho thdy nhin chung ham lugng cac
ion gidi phong ra 16n hon khi sur dung ti 1¢

rén/léng = 1:25. Vi vay, ti I¢ nay dugc st dung
cho céc nghién ciru tiép theo.

Véi cac két qua tién khao sat vé anh huong
clia thoi gian lac va ti 1é ran/long voi nudc ddi
v6i 2 mau tro xi VP1 va VP2 & trén, nghién ctru
d3 ap dung cac diéu kién chiét véi thoi gian lic
la 4 gio, ti 18 ran/long 1a 1:25, qui trinh chiét lap
lai 3 1an lién tiép trén 03 mau tro xi 1a VP1, VP2 va
HY véi nude cat va axit citric & cac ndng do khac
nhau. Céc két qua dugc trinh bay dudi day.
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Hinh 3. Anh huéng cua ti 1& rédn/long
doi voi mau tro xi VPI1.
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Hinh 4. Anh huéng cta ti 1¢ rdn/long
dbi v6i mau tro xi VP2.

3.3. Ham luong cdc ion gidi phong ra voi qui
trinh chiét lap lai véi nuée

Két qua vé ham luong cac ion Na*, K*, Mg?*
va Ca?* giai phong ra khi chiét véi nudc trong 3
lan lién tiép dugc trinh bay lan luot trong Hinh 5
(a b, c, d).
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Hinh 5. Ham lugng cac ion (a) Na*, (b) K*, (c) Mg?* va (d) Ca?* giai phong ra khi chiét lp lai voi nude.

C6 thé d& dang nhan thdy, ti 16 cac ion Na*,
K*, Mg?* va Ca?* da giai phong trong lan chiét thi
nhét cao hon dang ké so véi cac lan chiét tiép theo.
Day la xu huéng chung trong ca 3 mau tro xi.

Bén canh do, ham lugng cac ion kim loai
kiém (Na*, K*) duoc giai phong ra khi chiét véi
nude cit nhin chung cao hon so v&i cac ion kim
loai kiém thé Mg?. Piéu nay co thé dugc giai
thich 13 do cac kim loai kiém trong tro xi thuong
ton tai dudi dang cac khoang dé tan trong nudc
nhu khoang clorua, sunfat,... Trong khi d6, ham
luong Ca?* giai phong ra ciing kha cao so voi
Mg?*, do Ca 12 mot trong nhiing thanh phan hoa
hoc chiém ti 18 16n (> 50%) trong cic mAu tro xi
16 6t CTRSH nay [6, 7].

3.4. Ham luong cdc ion gidi phong ra voi qui
trinh chiét lap lai voi axit citric

De danh gia anh huong cta cac tac nhan
chiét khac nhau téi su giai phong cdc ion Na*,
K*, Mg?* va Ca* trong tro xi, qu1 rinh chiét da
duoc ap dung véi axit citric & 2 nong d61a 0,1 M

va 0,5 M. Két qua dugc trinh bay lan luot trong
cac Hinh 6 (a, b, c, d) va Hinh 7 (a, b, c, d).

So sanh két qua ham lugng cac cation giai
phong ra khi chiét véi axit citric va nudc, co thé
thay axit citric 1a tac nhan chiét chon loc 601 voi
ion Ca?".

DPdng thoi, ham lugng Ca®* giai phong ra rat
16n (~250 mg/g ngay ¢ lan thu nhét voi axit citric
0,1 M va ~700 mg/g ngay & lan thir nhat v6i axit
citric 0,5 M). Trong khi do, 3 ion con lai duge
giai phong ra voi luong rat it so voi Ca?* va ciing
khong khac nhiéu so véi ham lucmg cua chung
dugc giai phong ra khi chiét v6i nuée (trong
khoang 4-15 mg/g). bay cung laxu hu:ong chung
dugc quan sat thay trong ca 3 mau tro xi.

Nhing ket qua trén chi ra ring axit citric la
tac nhén chiét hidu qua va chon loc dbi véi ion
Ca*. Nong dd cua axit citric cling anh huong
dang ké t6i ham lwong Ca?* chiét ra. Luong ion
dugc giai phong ra khi st dung axit citric 0,5 M
cao hon khoang 1,4 1an so voi axit citric 0,1 M.
Tuy nhién, tong ham luong Ca®" giai phong ra
trong 2 lan chiét 1a tuong duong nhau khi su
dung axit citric 0,5 M va axit citric 0,1 M.
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Céc nghién ciru cua céc tac gia khac trén thé
gidi cting chi ra xu huéng twong tu voi nghién
ciru nay [2, 10, 11]. Trong d6, ham lugng cac
kim loai Ca, Cu, Mn, Zn, Cd, Pb giai phong ra
phu thudc nhiéu vao pH dich chiét, ham luong
giai phong ra giam khi pH tang; nguoc lai ham
lwong giai phong ra ciia cac thanh phan khac nhu
Na, K hau nhu khong phu thudc vao pH
[2, 10, 11].

4. Két luan

Két qua nghién ciru cho thiy cac diéu kién
chiét thoi gian lic 4 gio; i 16 ran/long 1:25 13 phu
hop dé chiét cac ion Na*, K*, Ca®*, Mg?* tir cac
mau tro xi 16 d6t CTRSH.

Véi tac nhan chiét a nudc, céc ion kim loai
kiém (Na*, K*) duoc giai phong ra nhiéu hon s0
v6i cac ion kim loai kiém tho (Mg2+) va chu yéu
dugc giai phong ngay trong 1an chiét dau tién.

Mit khéc, nghién ciru ciing chi ra rang axit
citric 13 tac nhan chiét hidu qua va chon loc ddi
v6i ion Ca?*. O ndng do axit citric cao hon la
0,5M, lugng Ca®" giai phong ra nhanh ngay
trong lan chiét dau tién (~700 mg/g). Trong khi
do, o nong d6 axit citric thap hon 1a 0,1 M, can
phai chiét dén 1an tha 2 méi thu duoc ham luong
Ca*" twong duong nhu khi st dung axit citric
0,5 M. Pay la nhitng két qua quan trong cho
nhitng nghién ctru tiép theo dé thu hoi thanh phan
Ca chiém ti 1¢ rat 1on trong tro xi 10 @6t CTRSH
& Viét Nam.

Loi cam on

Nghién ctu nay dugc tai trg bdi Pé tai
Khoa hoc va Cong nghé cap B Nong nghiép va
Mbi truong ma s6 TNMT.2022.885.06.
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