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1. MO PAU

Nganh dét may Viét Nam dugc hinh thanh va phat trién hon mot thé ki, da tr¢ thanh mot
trong nhitng nganh cong nghiép quan trong trong doi song xa hdi va kinh té ¢ nudc ta.

Tuy vay, qua trinh xu Ii vt cua cong nghiép dét may, cong ngh¢ nhudm, lam phat sinh mot
luong nudc thai 16n va khé xir If gay ra nhiéu van dé vé méi trudng [1, 2].

Phan 16n mau nhuom (MN) tdn tai trong nudc thai nhudm 1a loai hoat tinh, do d¢ tan trich
thap, kha nang hoa tan v6 han trong nudc, cong thirc cau tao phurc tap chira nhiéu goc mang mau
kho phan huy sinh hoc. Vi vay viéc xtr If triét dé nudc thai nhuém hoat tinh bang cidc phuong
phép thong thuong nhu: keo tu, hap phu, sinh hoc thuong cho két qua kém. Do d6 viéc tim kiem
phuong phdp mdi cé hi€u qua d€ giai bai toan nudc thai nhudm ludn thu hiit rat nhiéu cac nha
khoa hoc trong va ngoai nudc, mét trong sO nhitng ki thuat méi d6 14 qua trinh siéu am (SA).

SA dugc dinh nghia 12 4m thanh c6 tan s6 16n hon 18 kHz, ngoai ngudng nghe cta ngui,
duogc biet dén tir 1au trén the gidi va da dp dung trong nhi€u linh vyc nhu dia chat, y hoc, hoa
hoc... nhung gan ddy mai dugc ung dung trong xit 1i moi truong[3, 4, 5].

SA dugc xem 1a mot trong cdc phuong phdp oxid héa tién tién (Advanced Oxidation
Processes), co s& cung cap ndng lugng cliia SA chinh 1a qud trinh tao va vd bot tao ra nhiét 46 va
ap suat cuc ky cao. V&i su hién dién cua nude, SA lam phét sinh céc goc tu do ¢ hoat tinh oxid
héa manh nhu OH , HO, ,H ....[6].

Trong bdo cdo nay chiing tdi tién hanh khao st qua trinh ding thanh SA tin sb thap dé
phéan huy mau cia bon loai mau nhu¢m hoat tinh véi cdc goc mang mau azobenzen, antraquinon,
ptalocianin.

2. NGUYEN LIEU VA PHUONG PHAP

2.1. Hoéa chit
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Céc MN st dung trong thi nghiém 1la mau dung trong ki thudt: Sunzol Black B 150%,
Reacti\{e Brilliant Red 5BS, Remazol Brilliant Blue R va Sunzol Turquoise Blue G 133, ‘duqc
cung cap tu cong doan nhudm tai cic cong ty Kim Kim Anh va Tan Phd Cuong (Tp H6 Chi
Minh).

Béng 1. Mét s tinh chat MN hoat tinh duing trong thi nghiém

Céng thirc phan tir Amax (WD), Phan tir khi
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Céc hoéa chat trg nhudm cling dugc cung cap tr cd sé nhudm va cac hda chat tinh khiét
khac.

2.2. Thiét bi
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Nghién ctru phdn hily mau nhudém duwéi sw hé tror ciia siéu 4m

- Thanh si€u 4m Sonics & Materials VCX-750, 20 KHz, d = 11 mm.
- Quang phd ké tir ngoai Thermo, Genesys 10-S.

- Nhét ké Cannon-Fenske ¢6 25 (0,5 - 2 cSt).

- pH ké Hana, HI9828 (thang do 0-14).

- So dd thuc nghiém (hinh 1): Thi nghiém dugc tién hanh trong binh thﬁy tinh lqﬁnh’ tru 1§O
mL, bén ngoai ¢6 16p nude lam lanh bao boc. Thanh SA dugc ndi véi bd dicu khién. Ong dan
khi dugc dat vao bén trong binh phan tng.

- V6i: Do sau dau do: 1 cm; Do sau nhiét ké: 1 cm; Do sau dng suc khi: 1,5 cm; Thé tich thi
nghiém: 80 mL.
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Hinh 1. So db thi nghiém dung thanh SA
2.3. Thyc hién

2.3.1. Tao mdu thi nghiém

O nhiét d6 thuong d6 hoa tan MN cong nghiép rat han ché. Bé c6 dung dich mau cung cip
cho qud trinh x1r Ii ding SA, chiing t6i tién hanh pha mau theo quy trinh trong hinh 2. Qud trinh
trai qua nhiéu giai doan nhu: dun néng, khudy tir, chinh pH... nhim muc dich tao ra dung dich
chira MN “tan hoan toan” va MN trong dung dich phai ¢ dang “da thay giai” (cdc gdc hoat tinh
trong phén tir MN bi thay thé hoan toan bang -OH [7].

2.3.2. Thuc nghiém

2.3.2.1. Khir mau bang SA

LAy 100 mL dung dich MN Sunzol Black B 150% (SBB) nong do C xdc dinh. Dung dich
ban dau dugc chinh dén gid tri pH cén thiét, bang dung dich NaOH va HCI (0,05 N), lay 3 mL
dem do d¢ hap thu ¢ d6 dai séng toi uu.

Cho 80 mL dung dich trén vao binh chira mAu, 1dp hé thong thiét bi nhu trong hinh 1. M&
bom chinh Iuu lugng suc khi vao binh dat dén gid tri Q can thiét. Bat mdy diéu nhiét, cho nudc
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diéu nhié¢t qua binh phan tng. Cai dat gia tri nhi¢t d trén may sao cho nhiét do do gTu’qc trén
nl}iét k§ dat t6i nhiét d6 t can khao sat. Bat mdy tao SA, chinh cdng suat dén cong suat P. Bam
dong ho do ghi nhan thoi gian SA.
~ Sau 30 phut, dung hé thong dé yén dung dich 15 phit, dung pipet rit 3 mL mau dem do do
hap thu ¢ d6 dai séng t6i wu. Ghi nhén két qua.
Sau khi xdc dinh dwoc diéu kién xir 1i thich hop bang SA (C, Q, T, P, t) v6i MN SBB, quy
trinh xtr I dugc dp dung cho ba mau con lai.

[ CEn man nhudm

(1) 50 mL HaO, vt gipt Nag OO,

(27 Lécdéu tan.

Y

Cho thém medc, chinh pH=11,
Tinh mikc thanh 1 1t

(13 Bunndng 70 °C;

(2) Khudy tiel gitr

Cét, tri¥ lanh, ding
trong thi nghifm = 1

Hinh 2. Quy trinh pha dung dich mau
2.3.2.2. Phdn tich

Ph6 UV-Vis ciia MN duoc xdc dinh trén mdy quang phd tir ngoai.

Hiéu suit khir mau cia MN dugc xé4c dinh theo cong thuc:

% Khit mau = 22 ~4
Ao

x 100

v6i A,: Do hép thu ciia dung dich MN ban dau, A: D6 hap thu ctia dung dich MN sau xt 1.

3. KET QUA VA THAO LUAN

3.1. Khio sat qua trinh phan hiily mau nhum bing sa

Cin cir vao cdc tai liéu, sy nghién ctru phin hily mau azobenzen chiém phan 16n [7], Trong
s6 d6 Reactive Black 5 (SBB) 1a mot trong nhiing mau duoc nghién ciru nhiéu nhat [8]. Hon
nita, sau khi khao st mot s co sé nhudm, ching t6i thiy day 12 mot trong nhiing mau dugc sur
dung nhiéu & Tp. HCM. D6 1a 1i do SBB duoc Iya chon nghién ctru cdc diéu kién phan huy.
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3.1.1. Anh hieong ciia cong sudt

Cbong suat “hiéu dung” cua thanh SA trong dung dich, duoc thé hién trén bd phan dleu
khién thanh SA. Cong suat lién quan dén sy tao bot va v& bot, do d6 khi nang lwong cung cép
tang, hi¢u suat phan tng ciing tang theo [9].

Tién hanh thay d6i cong sudt SA, bang cdch ¢6 dinh cdc yéu t6 ban dau: T =25°C, Q = 0.8
L/phit, C = 10 mg/L (d6 hap thu twong ung Ase = 0,298), pH = 6,0 va thay do6i cong suat: 10,
20, 30, 40, 50, 60, 70, 80 W trong 30 phit.

Error! Not a valid link. Error! Not a valid link.
Béng 2. Két qua khao sat anh huédng cong suat dén hiéu qua x li MN SBB

Vi mire cong suat 50 W, hidu suat xir I dat két qua tot nhat. Diéu nay c6 thé giai thich 1a
khi cong suat chiéu xa dat dén mot mirc d6 nhat dinh, 6 dan nhiét ctia dung dich (ti sé nhiét khi
ddc trung y) thay d6i, xuét hién nhirng bién dbi _trong vi€c tao bot va v bot, hi¢u suét phan tng
¢6 chiéu hudng ‘tang. Tuy nhién, do thé tich cd dinh nén khi cong suat SA ting qud cao, ning
luong “thira” mat di cling tang 1én theo ti 1¢ thuan, diéu nay lai ddn dén nhing tac dong khac 1am
giam y —hiéu suit giam.

3.1.2. Anh hudng ciia leu lwong khong khi

Li thuyét vé& qua trinh tao bot cho thay, khi hoa tan c¢6 do dan nhiét va kha nang hoa tan
trong dung moi cang cao, qud trinh tao va v& bot cang thuan lgi, hiéu suat SA gia tang.

Chiing t6i khao sdt bang cdch ¢6 dinh céc yéu t6 ban dau: T = 25°C, P =50 W, C = 10
mg/L (Asg = 0,298), pH = 6,0, t = 30 phit va thay doi luu lugng khong khi: 0,2—1,0 L/phut.
Trong qud trinh khdo sdt, nham xdc dinh vai tro cua suc khong khi doi voi SA, tién hanh thém
hai diéu kién: c6 SA khong suc khong khi va ngugc lai.

Két qua & bang 3 cho thay, khong khi déng vai trd tich cyc trong sy phan hity MN bang
SA.

Duéi diéu kién chi suc khi hodc chi siéu 4m, hiéu qua xr 1i thip hon rat nhiéu so véi két
hop suc khi va SA. Tir d6 c6 thé khing dinh, trong truong hop nay khong khi khong dong vai tro

1a chat oxid héa chat hiru co, ma chinh ban chat (ti s6 nhiét) ciia n6 lam gia ting hi¢u suét cia
qué trinh SA.

Hon nita, khi quan sit bang mét thudng qua trinh syc khi tao ra nhiéu tim bot va mé rong
ra qua trinh v bot, d 6n nhiét cling tang, di€u nay lam tang hicu suat.

Béng 3. Két qua khao sat anh hwéng lwu lwong suc khi dén hiéu qua x& li MN SBB

Error! Not a valid link.

Error! Not a valid link. Error! Not a valid link.

g: Phan tmg chi ¢6 SA, khong suc khi; h: Phan g khong SA, chi tién hanh suc khi véi luu luong 0,6
L/phuit.
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3.1.3. Anh huong ciia nhiét dg

Nhiét d0 mdi truong anh hudng truc tiép dén qua trinh hinh thanh bot. Khi nhiét do moi
truong thay doi, ap suat bay hoi trong dung dich thay doi, qua trinh tao va v3 bot trong SA vi the
cling thay doi.

Chuing t6i tién hanh khao sdt bang cdch c6 dinh cdc yéu t6: P: 50 W, Q: 0,6 L/phiit, pH 6.1, v6i
C =10 mg/L (Asgo= 0,298), trong thoi gian 30 phuit va thay d6i nhiét d6 dung dich tir 15 - 40°C.

Béng 4. Két qua khao sat anh hudng nhiét dd dén hiéu qua xt li MN SBB

Error! Not a valid link. Error! Not a valid link.

Sy thay d6i nhiét 46 anh huéng rat ding ké dén hiéu suit ctia phan ung SA, véi nhiét do
20°C phan tng cho hiéu suét cao nhat. Hiéu suét cang giam khi nhiét do cang ting. Diéu nay c6
thé 1f giai do kha ning hoa tan kém ciia khi & nhiét d cao, 1am giam tdm bot phan tng, tic dong
dén hiéu qua khir mau.

3.1.4. Anh hiong ciia nong dé mau

Dén day, chiing t6i d xdc dinh duoc cdc yéu td cho hiéu suat cao nhét liic nay 1a: T = 20°C;
P =50 W; Q=0,6 L/phit; C = 10 mg/L; pH = 6,0; t = 30 phuit.

_ Nham khio st hi¢u sudt SA trong viéc xir 1f MN ¢ nong d6 khéc nhau, ching t6i thay doi
Clan luot 1a: 5, 10, 15, 20, 25, 30 mg/L thu dugc thé hién & bang 5.

Béng 5. Két qua khao sat néng do

Error! Not a valid link. Error! Not a valid link.

Néng d6 10 mg/L 1a thich hop nhét véi diéu kién xur li, trong truong hop nay ndng do dung
dich cang giam, hiéu sudt xu 1i cang tang. Tuy nhién, khi nong d6 giam dén 5 mg/L, hiéu suat c6
xu hudng ting khong déng ké. Didu nay dugc giai thich 1 véi mot luong céc goc tu do va H,O,
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sinh ra trong phan (mg SA xéc dinh (c6 dinh thé tich va cong suat) chi twong mg phan tmg véi
mot nong d¢ mau xac dinh.

3.1.5. Anh huong ciia pH
Béng 6. Két qua khao séat pH

Error! Not a valid link. Error! Not a valid link.

pH anh hudng dén d¢ hoa tan cua khi va MN trong dung dich, qua d6 tdc dong dén hiéu
sudt phan tng [9]. Dé tim hiéu tic dong nay, chiing t6i lwa chon khoang pH khéo sat rong tir:
acid, trung tinh dén kiém véi céc gia tri thay ddi: 1, 2, 3, 4, 6, 8, 10 khi ¢b dinh cdc yéu to:
T =20°C, P =50 W, Q = 0,6 L/phiit va C = 10 mg/L, trong 30 phit. Két qua khao st pH duoc
trinh bay trén bang 6.

Ban than mau tai pH thip da c6 sy suy giam, 0,303 — 0,296, {mg v6i pH tir 10 dén 1. Tuy
nhién, sy dnh hudng nay 1a khong déng ké (< 3%). So v6i pH 4, hiéu suat khir mau tai pH bang
3 cao hon han. Diéu nay c6 thé gidi thich bdi 2 nguyén nhén:

- Kha nang hoa tan cia MN vao pha hiru co tang 1én tai pH thip, 1am gia tang diéu kién tiép
xuc cua MN véi nhém OH', von chi phan bo rong trong pha 16ng - khi.

- Céc ion can tr¢ nhém OH’ hoat dong nhu: CO;>, HCO; chuyén vé dang khéng hoat dong
H,CO;3, cac gbce tu do hoat ddng hi¢u qua hon.

Khi pH ting dén 10 hiéu suat phan tng lai ting trd lai, trong khi OH’ sinh ra rat kém trong
mbi trudng kiém. Vay tac nhan nio 1am giam mau? Trong mdi trudng kiém, H,0, rt hoat dong.
Mot vai nghién ctru cho thdy tdc nhan 1am giam mau trong truong hop nay chi c6 thé 1a H,0,
[9]. Dt vay, hiéu suit phan tmg cling khong déng ké. Piéu nay c6 thé do ndng d6 H,O, sinh ra
trong phan tng SA thap, hodc c¢6 thé kha ning khir mau ctia H,0, khong cao.

Mac du pH cang thdp hiéu sudt cang cao. Tuy nhién, thyc té dé tao pH tir 11 (gid tri thong
thudng cua ngudn nudc thai sau qué trinh nhudém hoat tinh) xudng pH bang 1, 2 cin tiéu ton mot
luong acid trung hoa rat 1én. Hon nita véi mdi trudng qué acid, kha ning thanh SA bi dn mon rat
cao. Vi vy, chiing t6i chon pH = 3 1a diéu kién thich hop cho céc khao sit khac.

3.1.6. Anh hiomg cuia thoi gian

~ Bén canh cdc thong sO t6i uu héa trong hé thong da dugc khao sat khd day du, chiing to1
tién hanh khdo sét thoi gian phan ng d€ biét tai thoi diém nao phan ing xay ra hiéu qua nhat,
khi ¢6 dinh céc yéu to: T =20°C, P =50 W, Q = 0,6 L/phit, C = 10 mg/L, pH = 3,0.
Béng 7. Két qua khao sat sy phan hily mau theo thai gian
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Error! Not a valid link.

Béng 7 cho thay, trong dung dich sau SA c6 sy thay d6i d6 din, pH, d6 nhot giam, chimg
to trong qué trinh SA sinh ra ion, trong d6 c¢6 H', sy phan hiy MN xdy ra lam giam gia tri do
nhét c6 trong dung dich. Sau khoang 60 phiit d4u tién clia qué trinh SA, hiéu suat khir mau dat
> 80%. 30 phiit tiép theo clia qud trinh SA, hi¢u suat x{r If mau gin nhu hoan toan (~ 95%).

3.2. Ap dung dieu kién toi uwu trén cac mau con lai

Tir céc két qua nghién ciru ¢ trén trong muyc 3.1, chiing t6i da tim dugc diéu kién thich hop
de khao sat su phan huy mau, bang qua trinh SA.

Dung dich mau (10 ppm), V = 80 mL, pH dau vao: 3,0 + 0,2, Luu luong suc khi (Q):
0,6 L/phit, Thoi gian SA (t): 90 phiit, Cong suit SA (P): 50 W, Nhiét do phan ung (T): 20°C.

Ap dung cic diéu kién thich hop nay 1én ba MN con lai, két qua ghi trong bang 8.

Béng 8. Két qua phan hiy mau RBB, RBR, STB

Error! Not a valid link.

Mac du véi co cdu nhém mang mau khac nhau azobenzen, antraquinon, ptalocianin nhung
hiéu qua khtr mau gan nhu hoan toan (trén 90%) sau 90 phut. Ching t6 qua trinh oxid héa xay ra
1a khong chon loc. Diéu nay chi c6 thé thye hién voi cac goc oxid hoa manh dién hinh nhu OH".
Tuy nhién, vai trd ciia HO,', O, ciing can dugc kiém tra dé 1am 1 co ché phan tng.

Quan sit kha ning khir mau cia MN trong 60 phit dau tién cho thiy, hing sé van tdc cua
phan tng khir mau k dat gia tri tir: -0,004 dén -0,001, kha cao nhung so véi gid tri -0,011 dén -
0,012 cua céc nghién ciru khac ™", ching to hiéu suat cia thanh SA tan s 20 kHz chwa phai 1a
thiét bi t6i uu trong cdc loai thiét bi SA.

3.3. So sanh véi phwong phap keo tu

Dé so sdnh hidu suét khir mau SA so véi cdc phuong phép khac, chiing t6i tién hanh khao
sat kha nang xr 1 cdc MN nay bang phuong phép keo tu phen nhoém (thi nghiém Jar-test). Day
12 mot phuong phap xir Ii nudc thai phd bién trong hiu hét cic nganh cong nghiép, trong d6 c6
nudc thai nhudém.

Dau tién, chiing t6i tién hanh khao sat kha nang xu 1i dung dich mau pha loang 10 mg/L
trong khoang pH: 4, 5, 6, 7, 8 va c6 dinh nong d¢ pheén 1a 1000 mg/L.

Sau khi tim dugc diém pH t0i wu, ching toi tién hanh ¢6 dinh yéu t6 pH va thay doi liéu
lugng phen: 600, 800, 1000, 1200 va 1400 mg/L dé tim ra ham lugng phen toi uu.

Hiéu sut xtr Ii duoc trinh bay trong bang 9.

Béng 9. Hiéu suét xt Ii MN khi thay dbi pH va lwgng phén nhém
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Error! Not a valid link.
Error! Not a valid link.

Tat ca céc loai MN hoat tinh trén déu c6 diém xir 1f pH téi vu 1a 6, trong d6 khoang pH tur
4 - 6 t0 ra thich hgp v6i qua trinh xt 1i, & pH kiém (8) hoac acid (3) deéu khong thich hgp cho
qué trinh keo tu.

Liéu luong phén t6i wu ghi nhan dugc 1a 800 mg/L, liéu luong phéen mic di khong anh
huong manh dén hi¢u suat keo tu nhu pH, nhung ¢ néng d6 qud cao hodc qud thap déu khong
cho két qua tot.

Céc MN hoat tinh & ndng d6 cao déu rat khé xt If triét dé khi dung phen, két qua xt Ii thap
(< 23%) dbi v6i 3 mau hoat tinh thong dung RBR, SBB va RBB (c6 goc mang mau azobenzen
va antraquinon) cang khing dinh thém diéu d6 "' Riéng MN hoat tinh goc mang mau
ptalocianin (STB) véi tim mang mau 1a ion kim loai ning nén thich hop hon déi véi phuwong
phép x1r 1i keo tu, hiéu suét cao hon 3 loai MN kia nhung cling khong triét dé (~70%).

) Véi hiéu sudt vuot troi, trén 90% mau bi khir (sau 60 phit) khong ké d6 1a MN nao, cho
thay sy hiéu qua cua phuong phap SA so voi phuong phap keo tu.

4. KET LUAN

- Budc dau di tim ra diéu kién thich hop cho sy phan hiy hoan toan MN hoat tinh ding
thanh SA.

- Khing dinh wu thé ciia SA xir 1f mau so voi phuong phép xir Ii keo tu.

Mic dii, dé tai dd khao sat kha chi tlét céc yéu td anh huong dén qua trinh phan hiy MN
dung SA, nhung dong hoc cua phan tng van chua duge nghién clru day du. Nhing nghién ciru
tiép theo nén 1am rd mot s6 van dé nhu: Xac dinh cédc san pham trung gian cua qua trinh phan
hiy MN théng qua chi tiéu: IC, LC/MS..., anh hudng cia tan s SA, cic yéu td can tré sy hoat
dong ctia OH' nhu céc ion CO32' SO7, ..
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SUMMARY

EFFECTS OF SONICATION ON REMOVAL COLOR SOME REACTIVE DYES

Ultrasonic irradiation had been one of the advanced oxidation methods for decolorization
four commercial reactive dyes: Sunzol Black B 150% (Reactive black 5), Procion Red MX 5B
(Reactive red 2), Remazol Brilliant Blue R (Reactive blue 19), and Sunzol turquoise blue G 133
(Reactive blue 21). The objective of this paper is investigation of the low frequency - high power
sonication (750 W-20 KHz) in the dye decolorization (measured by UV absorption) as well as
control the experiment conditions by varying irradiation time, dye concentration, pH,
temperature, air flow rate. The results indicated that the sonication had strong capacity in the dye
decolorization.

Key words. Ultrasonic irradiation, decolorization, Reactive black 5, Reactive red 2, Reactive
blue 19, Reactive blue 21.
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