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NANG CAO HIEU QUA CUA PHUONG PHAP TUYEN NOI DE
THU HOI KIM LOAI NANG TRONG NUGC THAI BANG TINH DAU THONG

IMPROVING THE EFFICIENCY OF FLOTATION TO RECOVER HEAVY METAL
IN WASTE WATER BY USING PINE (TREE) OIL
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Truong Pai hoc Bdach khoa - Dai hoc Da Ncing; ltxthuy@dut.udn.vn, Ipcuong@dut.udn.vn

Toém tét - Nghién civu nay duoc thyc hién nh&m nang cao hiéu qua
clia phuo'ng phap tuyén ndi dé thu hdi kim loai nang trong nwéc thai.
D3 c6 nhiéu giai phap dwoc dwa ra nhdm loai bd kim loai ndng trong
nuéc thai trude khi thai ra méi trwdng nhw x& ly bing phwong phap
sinh hoc, héa ly va phwong phap héa hoc. Tuy nhién, do gia thanh
khéng hop ly va hiéu qua xt& ly chwa cao nén gép nhiéu khé khan
trong viéc chon lya phwong phap. Trong phwong phap nay nhém
tac gia tién hanh hap phu kim loai néng trén dung dich than hoat tinh
két hop tuyen néi. Chat tao bot cé vai tro rat quan trong trong phuong
phap tuy&n néi, va trong nghién ctu nay, chung t6i da tién hanh cac
thi nghiém dé nghién ctru tim ra loai héa chét tao bot ti wu Ia tinh
dau théng va CH;COOH. Két qua cho thay tinh dau thong co hiéu
suét cao nhét, chi phi ré, va quan trong nhat 1 hoan toan khéng nguy
hai dén con ngwdi, méi truong.

Tir khoa - kim loai ndng; tuyén ndi; chat tao bot; tinh dau théng;
CH3;COOH (axit axetic).

1. Pat vin dé

Tinh trang 6 nhiém kim loai ning trong nudc 1a van d& nan
giai da va dang dugc cac nha khoa hoc quan tim. Nguyén
nhén chu yéu gay 6 nhiém kim loai ning 14 qua trinh xa nudc
thai cong nghi€p va khi thai doc hai chua qua xir ly hodc xtr ly
khéng dat yéu cAu vao ngudn tiép nhan. Vi du, cadimi (Cd) c6
ngudn gde tir nude thai cong nghiép, tir hoat dong khai thac
quang crom, ma kim loai, cong nghiép than, diu mo; Hg trong
khai théc khoang san (dao, dai vang), thudc trir sau.

Ham lugng kim loai nang trong mdi truong ngay cang
tang 12 nguyén nhan gdy nhiém doc ddi voi dét, khong khi
va nudce. Viée loai trir cac thanh phan chira kim loai ning
doc ra khoi cac nguén nude, dac biét la nudce thai cong
nghiép 12 muc tiéu moéi truong quan trong bac nhat phai
giai quyét hién nay.

D3 c¢6 nhiéu giai phap dugc dua ra nhim loai bé kim
loai ndng trong nudc thai trude khi thai ra moéi truong nhu
xir Iy bang phuong phap sinh hoc, héa ly... Trong do,
phwong phap hoa — 1y v6i nhitng wu thé khong thé phii nhan
nhu chi phi chép nhan duoc va hiéu suit xu 1y cao nén dugc
cac nha khoa hoc bit dau nghién ctru sir dung. Gan day,
nhém tac gia da bao cao két qua cta phuong phap hip phu
két hgp phuong phap tuyén ndi dé xir Iy nudce thai 6 nhiém
kim loai ndng st dung than hoat tinh va axit gamma-
polyglutamic [1]. Kha nang xir 1y ctia phuwong phap hap phu
két hop tuyén ndi nay cao, tuy nhién do gia thanh cua axit
gamma- pOIyglutamic (vat liéu tao bot) cao va ngudn cung
cap chu yéu tir nuée ngoai nén viée ap dung phuong phap
nay vao Viét Nam dé xu ly nudc gap nhiéu kho khan. Vi
vay, viéc tim klem vét ligu tuyén noi tao bot thich hop voi
phuong phap tuyén ndi va phu hop vai diéu kién cua Viét
Nam nham néng cao hiéu qua xir Iy va thu hoi kim loai
ning trong nude thai 1a van dé rat can thiét.

Abstract - This study is conducted to improve the efficiency of
flotation for recovery of heavy metals from waste water. Many
methods are designed to remove heavy metals from wastewater
before discharging them into the environment such as treated with
biological methods, treated with chemical and physical methods or
treated with chemical methods. But due to high cost and low
efficiency, it is difficult to select an appropriate method. In this
study, we use the method of heavy metal absorption on activated
carbon solution combined with flotation. Foaming agent plays an
important role in flotation. Therefore, we have conducted
experiments to find out an optimal foam forming chemical — that is
pine oil and CH3;COOH (acetic acid). Research results show that
pine (tree) oil has the highest performance, lowest cost, and is
absolutely harmless to humans and the environment.

Key words - heavy metals; flotation; foaming agent; pine (tree) oil;
CH3;COOH (acetic acid).

“Dau thong” 1a mét tinh du thu duoc tir chung cit hoi
14 kim, canh non va qua non cua mot $6 loai thong, cu thé
1 tir loai Pinus sylvestris. V& mat héa hoc, dau thong bao
gdm chu yéu 1a cac ruou tecpen vong. N6 ciing c6 thé chira
céc hydrocacbon, ete va este tecpen. Thanh phan chinh xac
phu thudc vao cic yéu té khac nhau, nhu chung loai thong
nao hay loai nguyén liéu (14 kim, canh non hay qua) dau
vao. Trong cong nghiép, dau thong duoc dung trong tach
chiét kim loai ra khoi quing. Thém vao d6, dau thong c6
d6 doc tinh twong dbi thdp ddi v6i con ngudi, dd an mon
thap va do ton luu han ché [2-3]. Viéc nghién ctru ap dung
dau théng vao phuong phap tuyén ndi dé thu hdi than hoat
tinh ¢6 kich thudc nho cling nhu kim loai nang trong nude
van chua dugc bao cdo.

O nghién ctru nay, nhom tac gia da sir dung dau thong
nhu vat lidu tao bot dé thu hdi kim loai ning trong nuéce va
thu dwoc két qua xtr 1y cao trong thoi gian ngén.

2. Muc tiéu, doi twong va phwong phap nghién ciru
2.1. Muc tiéu nghién ciru
2.1.1. Muc tiéu tong qudt
. Nang cao hiéu qua cua phuong phap tuyén ndi dé thu
hoi kim loai nang trong nudc thai.
2.1.2. Muc tiéu cu thé
Téi uu héa cac thong s6 anh huong dén qua trinh tuyen
n6i bao gom loai hoa chat tao bot, thoi gian tuyén ndi, luu
luong khi cap, lugng hoa chét tao bot.
2.2. Mé hinh tuyén néi
2.2.1. Nguyén tic
Phuong phép tuyen ndi duoc thuc hién bang cach suc
khong khi vao nude ban. O nghién ctru nay, nudc béan nhan
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tao dugc st dung 1a nudce chira than hoat tinh c6 kich thude
nho hon 50 um. Khi d6 cac bot khi s& két dinh véi cac hat
ban (hat than hoat tinh) va kéo chung ndi 1én bé mit. Bang
cach vt bot trén bé mit, ta co thé thu hdi duoc cac chét

ban clia nude thai.

Nuwde thii

Bong khi

o= Hat rin

Hinh 1. Sy két dinh ciia hat rdn va béng khi trong tuyén néi

2.2.2. Thi nghiém
a. Thu hdi than hoat tinh
_ - Chuan bj 10 lit nuéc chira than hoat tinh (THT) véi
nong d¢ 300 mg/l.

- Liy 300 ml nuéc chira THT cho vao ng tuyén n‘éi
(cao 60 cm, duong kinh trong 4 cm), sau d6 cho tinh déau
théng va CH3COOH véi tac dung la chat tao bot vao dung
dich trén.

- Suc khong khi vao ng tuyén ndi véi luu luong 3
I/phat trong thoi gian 30 phat.

- Thu hoi nudc trong dng tuyén ndi bang cach mod van
dat dudi day ong.

- Ding thiét bj MLSS va miy EUTECH
INSTRUMENTS Turbidimeter TN-100 dé do lugng than
hoat tinh con sot lai trong dung dich dé tir 6 tinh toan hi¢u
suat xtr Iy cua mo hinh.

T

Feed-air sparger

Air flow

- / Measurement
@ &

Hinh 2. M6 hinh tuyén néi sir dung

Hiéu suit xtr Iy dwoc tinh toan nhu cong thie (1).

H (%) = (Ct-Cs)*100/Ct (1)

Trong d6: H 14 hiéu sut xtr Iy (%); Ct la ndng do than
hoat tinh trong dung dich truge khi tuyen ndi (mg/1); Cs la
ndng do than hoat tinh sau khi tuyén ndi (mg/1).

O phan thi nghi¢m nay, nhom tac gia da tjén hanh khao
sat & cac dieu ki¢n khac nhau veé: loai hoa chat tao bot, thoi
gian tuyén noi, luu luong khi cap, luong h(’),a chat tao bot.
Trong dé, nhom tac gia chon 7 loai hoa chat c6 kha nang
tao bot dé khao sat: diu bap, NazSO4, NaCl, Na;COs, PGA,

CH3COOH, tinh du thong. O mdi diéu kién thi gia tri ctia
diéu ki§n d6 dugc diéu chinh theo mdt thang, cac gia tri
khac co dinh.

b. Thu hoi kim loai ning

- Chuan bj 10 lit nu6c ban kim loai ndng (As, Cd, Cr,
Cu, Pb) véi nong d6 1 mg/l.

- Cho 25 g than hoat7 tinh (lgich‘thuc'fc than hoat tinh
50 um) vao 10 lit nude ban, khuay déu.

- Lay 300 ml nude bén trén (ndng &6 THT 12 300 mg/1)
cho vao ong tuyen n6i (cao 60 cm, duong kinh trong 4 cm),
sau do cho tinh dau théng va CHsCOOH véi tac dung la
chat tao bot vao dung dich trén.

- Suc khong khi vao ong tuyén ndi vé6i luu lugng
3 I/phat trong thoi gian 30 phut.

- Thu hoi nude trong ong tuyén ndi bang cach mé van
dat dudi day ong.

- Dung thiét bi may quang phd hip phu nguyén tir AAS
800 dé do ham lugng kim loai nang (As, Cd, Cr, Cu, Pb)
trong dung dich dé tir d6 tinh toan hiéu suat xur ly cua mo
hinh.

Hinh 3. Mdy quang phé hap phu nguyén tir AAS 800

3. Két qua va thao luin
3.1. Logi héa chit tao bot
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Hinh 4. Anh hwong cia hoa chét tao bot dén hiéu sudt xir ly

Tién hanh thi nghiém vai cac hoa chét tao bot nhu dau
bap, NazSOs, NaCI~, Na.COs, PGA, CH;COOH va tinh dau
thdng. Nong d6 moi hoa chat 1a 10 M. Thoi gian tuyén noi
12 30 phat. Luu lugng khi cap 1a 3 1/phut.

Qua qua trinh thyc hién tuyén ndi véi hda chat 1a dung
dich dau bap va NazSOs, bot khi tao ra co kich thude 16n
nén hidu suét thap (khong qua 10%). Véi dung dich
Na,COs, NaCl déu 1a hoa chit cho quy trinh san Xuét xa
phong va bot khi hinh thanh con 16n nén hiéu suét 1an luot
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12 18,4% va 36%. Dung dich CH3COOH c6 kha nang tao
bot t6t nhung luwong cin nho van con dudi day nén hiéu
suat xir Iy chi dat 67%. D4i véi tinh dau thong, kha ning
tao bot t6t, bot khi tao ra nhidu va min, than hoat tinh trong
nudce ban nhanh chong von thanh vién va nim & khoang
giita cia dng tuyén ndi nén hiéu suat xtr 1y cao (68,4%).

Xuét phat tir két qua tao bot tdt cia CH;COOH va tinh dau
thdng, bén canh viéc khao sat kha nang tao bot ctia cac hoa
chét néu trén thi nhom tac gia con thi nghiém kha nang tao bot
ctia CH3COOH két hop véi tinh dau théng, két qua thu dugc
voi hiéu suat xir Iy dat 100%. Tir két qua d6, nhom tac gia da
chon hdn hop CH3;COOH va tinh dau thong dé ap dung vao
phuong phap tuyén n01 trong nghién ctru nay. Cac nghién ciru
vé anh huong cua ndng do chat tao bot, anh huong cua than
hoat tinh va ndng d6 kim loai nang dén kha nang hip phu ciing
duoc trinh bay cu thé trong nghién ctru nay.

3.2. Anh hwéng ciia nong dj héa chit dén khd néng tao bot

Qua Hinh 5 nhém tac gia nhan thay, & nong d6 0,02 M,
kha nang tao bot thip dan dén hiéu suit qua thip nén khong
dat yéu cau.

Tuy hiéu sut xtr Iy cia CHsCOOH 0,17 M va 0,33 M
la t5t nhat nhung nhom tic gia chon ndng do cua
CH3COOH 120,1 M do CH3COOH la axit, vi vay nudc dau
ra sau qué trinh tuyén ndi c6 ndng do axit cao (pH < 7) s&
dan dén ton kém chi phi, cong strc va thoi gian dé trung hoa
trude khi thai ra moi truong.
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Hinh 5. Anh huong ciia nong dg CH3COOH dén hiéu sudt xir Iy
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Hinh 6. Anh huéng cua nong do tinh dau théng nguyén chit
dén hiéu suat xu ly
Qua két qua & Hinh 6 ta nhan thay, tinh dau thong & gia
tri ndng d6 0,25 ml, 0,3 ml va 0,5 ml c6 hiéu suat xr 1y dat
gin 100%. Tuy nhién, nhom tdc gia chon ndng d6 0,25 ml
Vi & nong d6 nay hiéu suét da téi wu va giup giam chi phi
hoa chit. Nhu vay, véi 0,25 ml tinh dau thong két hop véi
3 ml CH3COOH 0,1 M thi lugng nudc ldy ra sau qua trinh
tuyén nbi c6 ndng d6 duc bang 0 mg/I tir 300 mg/l ban dau.

3.3. Anh hwéng lwu lwong khi cdp dén viéc thu hoi than
hoat tinh

Theo két qua ¢ Hinh 7, ta thdy khi ting luu lwong khi
cép tir 1 I/phut 1&n 4 I/phdt thi d6 duc tir 300 mg/l ha xubng
con 0 mg/l. Tuy nhién, & luu luong 3 1/phit, kha nang tao
bot va lwong than hoat tinh thu hdi & thanh dng 1a tot nhét
nén nhom tac gia chon lugng khi 1a 3 I/phat. Khi tang luu
luong khi cip 1én 5 1/phit, do lwong bot tao ra qua nhiéu
nén co6 hién tugng tran bot 1€n trén thanh 6ng, vi vay nhém
tac gia chi gi6i han toi da & luu lwong khi cap 4 1/phit.
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Hinh 7. Anh hueéng ciia luu heong khi dén hiéu sudt xir Iy
3.4. Anh hwéng ciia thoi gian dén héa chit tao bot

Sau cac khoang thoi gian chay tuyén ndi v6i nhiing
thQng s0 €0 dinh (hoa chat, luu luqng khi, néng d6, ap
suat), nong dd than hoat tinh dugc do bang may do do duc
MLSS SS-10F la 0 mg/l.
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Hinh 8. Anh hieéng ciia thoi gian dén hiéu sudt

Ta c6 thé nhan thdy thoi gian cang tang thi hiéu suat xir
ly cling tang theo cho dén 30 phut. Tur 60 phut tré di hicu
suét xir 1y giam dan (Hinh 8) do cac hat than keo tu bi v&
ra, lam d¢ duc tang 1én. Vi vay, nhom tac gia chon thoi gian
toi wu dé xur ly 1a 30 phut.
3.5. Két qud thu hoi kim logi ning

Sau qua trinh tuyén ndi, tién hanh do ham luong kim
loai nang trong lugng nude thu dugc, két qua nhu Bang 1:

Bing 1. Néng dé kim logi ning trong qud trinh tuyén néi

Nguyén Néng d6 kim loai ning [mg/I]

& Truéc | Sau 30| Sau 60 | Sau 90 | QCVN 40:2011/
phantmg | phit | phat | phit | BTNMT Cot B

As 1 0,088 | 0,061 | 0,052 0,1

Cd 1 0,075 | 0,057 | 0,025 0,1

Cu 1 0,07 | 0,054 | 0,042 2

Cr 1 0,027 | 0,066 | 0,049 0,1

Pb 1 0,311 | 0,141 | 0,148 0,5
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Ghi chu:

- pH: Phén tich theo TCVN 6492:2011;

- As: Phan tich theo TCVN 6626:2000;

- Cd, Cu, Phb, Cr: Phan tich theo SMEWW 3113B:2012.

Qua két qua phan tich, ta nhan thdy ham lugng kim loai
nang tir 1 mg/l da dwoc hip phu vao than hoat tinh hat nho
v6i kich thude 50 pm va da duoc tuyén ndi, tach ra khoi
nude thai. Nong do ctia hau hét cac kim loai niang trong
nuéc thai dau ra déu dat cot B theo QCVN
40:2011/BTNMT.

4. Két ludn

Than hoat tinh ¢6 kich thudc 16n c6 kha nang hap phu
kém nhung d& dang dwoc thu hdi sau khi xtr Iy nudc bang
phuong phép ling tu. Nguoc lai, hat than hoat tinh c¢6 kich
thudc nho c6 kha nang hip phu rat tot nhung viéc thu hoi
chung van dang 1a mot van dé nan giai di v6i cac nha khoa
hoc. Vi vy, viéc két hop giita qua trinh hip phu dung than
¢6 kich thudc nho va tuyén ndi dé thu hdi kim loai nang 1a
mot phuong phdp mdi, dang dugc cha y va phat huy. Tu
khai niém cta “hoa hoc xanh”, hau hét cac phuong phap

thu hoi hay tach loai kim loai déu phai thoa man voi hai
tiéu chi chinh, d6 1a nhitng cong nghé it giy sirc ép, anh
hudng x4u dén moi trudng va sir dung it hda chit cling nhu
it nang lwong hon. Viéc tim ra tinh dau thong - hoa chét
tuyén noi dat hidu suit cao trong xtr Iy nudc 1a mot nghién
clru moi rat trién vong cho tuong lai, c6 thé duoc ap dung
rong rai vao linh vuc xur 1y nuwée thai hién nay. Va déac biét,
viéc két hop tinh dau thong véi CHsCOOH trong phuong
phap tuyén ndi 1a phat hién méi ciia nhom nghién ctru, dang
dugc quan tAm va phat trién.
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