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NGHIEN CUU XU LY CHAT MAU TRONG NUGC THAI NHA MAY DET NHUOM
BANG PHUONG PHAP CHIEU XA CHUM TIA PIEN TU
Tém tat

Nuée thai dét nhuém da va dang 1a van nan cho méi truong sinh théi tai cac nudc c6 nganh
dét may phat trién nhu Viét Nam. Do vay viéc nghién ctru tim ra cac phuong phap méi cé
hiéu qua xir Iy chdt mau cao va than thién voi moi truong dang dugce quan tim nghién ciru.
Trong nghién ctru nay, nudc thai thyc té cia nha mdy dét nhuém dugc xu ly bing phuong
phap chleu xa chum tia dién tir (EB). Su thay d6i pH, d6 mau, nhu cau oxy héa hoc (COD)
va nhu cu oxy sinh hoc (BOD) ctia nude thai sau chiéu xa dugc nghién ctru. Két qua cho
thiy, pH, COD, BOD va d6 mau giam khi ting liéu xa. Tai liéu xa 20 kGy d¢ giam pH,
COD, BOD va d6 loai mau ctia mau nudc thai 1 chira mau hdén hop (Reactive Black 5 +
Reactive Red 10 + Reactive Orange 13) 1an lugt 1a 18%, 75%, 66% va 93%. Su két hop
giita hydro peroxit (H,0,) va chiéu xa chum tia dién tir 1am gia ting kha ning xir Iy mau
trong nudc thai dét nhudém. Tai lidu xa 5 kGy + 5 mM H,0, d6 loai mau ctia mau nudc thai
1 va2 dat 96% va 95%. Két qua cho thay, chiéu xa EB 1a phuong phap hiéu qua dé xu 1y
nude thai dét nhuém vai uu diém khong tao bun thai thir cip va co kha niang ap dung qui
mo cong nghiép.

STUDY ON THE DECOLORATION OF TEXTILE WASTEWATER BY
ELECTRON BEAM IRRADIATION METHOD

Abstract

Textile—dye wastewater has been the ecological environmental problem for countries
having a developed textile industry as Vietnam. Therefore, the research to find new
methods having effectively high decoloration and environmentally-friendly has been
receiving more attention. In this study, the textile wastewater from the textile factory was
treated by electron beam irradiation (EB). The change in pH, coloration, chemical oxygen
demand (COD) and biological oxygen demand (BOD) of textile wastewater after
irradiation were studied. The results showed that pH, COD, BOD and coloration decreased
with increasing absorbed dose. At dose 20 kGy, the reduced degree of pH, COD, BOD and
decoloration of the wastewater sample 1 containing mixed color (Reactive Black 5 +
Reactive Red 10 + Reactive Orange 13) was 18%, 75%, 70% and 93%, respectively. The
combination of hydrogen peroxide (H,O,) and electron beam irradiation increased the
ability to treat colors in textile wastewater. At absorbed dose of 5 kGy + 5 mM H,0,, the
decoloration of the wastewater sample 1 and 2 reached to 96% and 95%. The results
showed that EB irradiation method is an effective method to treat textile wastewater with
the advantage of not creating secondary sludge and potential application for industrial
scale.



LOI MO DAU

Nudc thai dét nhudm da va dang la van nan cho mdi truong sinh thai tai cac nudc co
nganh dét may phat trién nhu Viét Nam. Trong nudc thai dét nhudém co nhiéu tac nhan gay
hai cho méi truong va stc khoe con ngudi bao gdm chat ran phan tan, hoa chat tao mau,
mui. Mau nhuém trong nuéc thai co thé tao mau va gdy ra mot s bénh nhu xuit huyét,
viém loét da, budn ndn,.. [1, 2]. Cac chat mau trong nudc thai ngin anh sang mat troi tir bé
mit nudc va can trd qué trinh quang hop. Chat mau 1am ting nhu cau oxy sinh hoc (BOD)
clia nude va lam giam qua trinh tai tao oxy do d6 can tré sy phat trién cua sinh vat quang
dudng. Chat ran phan tan trong nudc thai tic dong dén moi truong khi két hop véi can dau
va thay ddi co ché chuyén oxy ¢ mat nudc [3-7]. Vi vay, nudc thai dét nhudm can duge xu
1y loai bo cac chat 6 nhiém trudc khi thai ra méi truong [8]. R4t nhiéu phuong phap hoa 1y
khac nhau da dugc ap dung dé loai trir mau trong nudc thai dét nhudom nhu mang loc, keo
tu, hdp phu, trao ddi ion, siéu am, vi song, fenton,.. [3, 9-10]. Ngoai ra, phuong phap sinh
hoc ciing duoc 4p dung bao gdom: hip thy sinh hoc dung ndm, vi khuan, phan huy trong
diéu kién hiéu khi, yém khi, thiéu khi hoic két hop hai qua trinh xir Iy yém khi, hiéu khi [7,
11]. Viée str dung cong nghé xir Iy ndo con tiy thudc vao cac thong sé nhu loai mau, thanh
phan ctia nude thai, chi phi hoa chat, chi phi van hanh, bao dudng va xur 1y cc chit thai thi
cap phat sinh. Tuy nhién, tat ca nhitng phuong phép trén déu chua cho thy hiéu qua hoan
toan trong qua trinh xtr Iy mau tir nude thai dét nhuém. Cac phuong phap héa 1y cho thiy
hiéu qua nhét dinh nhung lai tao ra bun thai thir cap va can tiép tuc xur 1y [3, 9-10]. Phuong
phép sinh hoc sir dung bun hoat tinh dé xtr Iy nudc thai dét nhudém cé thé lam giam COD
hiéu qua nhung khong thé khir mau hoan toan va can khong gian xtr Iy 16n [7, 11].

Do vy viéc tim ra cic phuong phap mdi ¢ hiéu qua xt 1y chat mau cao, khong phat
sinh cac chét thai thir cAp va than thién véi méi trudng dang duoc quan tAm nghién ctu.
Gan day trén thé gidi c6 mot xu huéng méi trong xir Iy nude thai nhudm 1a sir dung cong
ngh¢ chiéu xa chum tia dién t&r, mot dang oxi hoa khir bac cao. Trong qua trinh chiéu xa,
cac gbc ty do hydroxy (OH"), duoc tao ra tir qua trinh xa ly nudc 13 tic nhan oxy héa manh
c6 thé phan tng v6i phan tir chit mau trong nude thai tao cic phan doan nhé hon khong

mau dan dén loai mau nude thai [6, 7, 10-14]. Uu diém chinh caa phuong phap chiéu xa la



khong can sir dung hoa chat doc hai, tbe do xur 1y cao va qua trinh xt Iy & nhiét d§ thuong.
C6 nhiéu nghién ctru st dung chiéu xa ngudn gamma Co-60 [6, 7] va chiéu xa chum tia
dién tir (EB) [2, 7, 10- 14] dé xir Iy mau nude thai dét nhudm, trong d6 phuong phap chiéu
xa EB cho thiy hiéu qua hon chiéu xa gamma vé thoi gian chiéu xa, cong suit xur 1y, c6 thé
kiém soat qua trinh xr 1y, ngat va két ndi voi ngudn dé dang, phu hop dé ting dung trong
cong nghiép [7, 13]. Hiéu qua xir Iy nudc thai dét nhudém bang phuong phéap chiéu xa EB
c6 thé duogc ting cuong khi sir dung két hop hydrogen peroxit (H,0,). St dung H,0, c6 thé
1am gia ting hiéu qua xtr 1y nudc thai dét nhuém do ting ndong do gdc OH' tao thanh trong
qua trinh chiéu xa [4, 6].

Phuong phép chiéu xa chum tia dién tir duoc cac chuyén gia trén thé giéi ung dung,
dac biét trong linh vuc moi truong. Tuy nhién, céc tac gia chi dung lai trén cac mau nhudm
don, chua nghién ctru nhiéu trén mau nude thai dét nhuém hdn hop thuc té. Tur do, chua
phan anh hiéu qua ctia phuong phap chiéu xa, dong thoi, chwa tng dung vao thuc té dé dap
g yéu cau vé xir Iy nude thai ra moi trudng theo quy dinh. Tir nhing 1y do trén, dé tai
“Nghién ciru xir 1y mau trong nwéc thai nha mdy dét nhuém bang phwong phdp chiéu xa
chum tia dién tw” dugc thuc hién, véi mong mudn mé rong ung dung cong nghé buc xa
trong trong linh vuc xir Iy moi trudng dong thoi ciing dua ra phuong phap méi dé xir 1y
mau trong nudc thai dét nhudm, tir d6 trién khai img dung xt Iy quy mé cong nghiép & Viét

Nam.



MUC TIEU VA NOI DUNG CUA DE TAI

1. Muc tiéu

Nghién ctru kha nang loai mau trong nudc thai nha may dét nhuém tir d6 tim ra cac
didu kién t6i wu dé xur 1y chat mau trong nuée thai bang phuong phap chiéu xa chum tia
dién tir trén may UELR-10-15S2 tai Trung tdm Nghién ctru va Trién khai Cong nghé Birc
Xa.
2. Noi dung nghién ciru
Dé tai thuc hién cac noi dung nghién ctru chinh nhu sau:
Noi dung 1: Panh gia cac théng sé dic trung clia nude thai thuc té nhu pH, COD, BOD va
do mau
Noi dung 2: Khao sat kha nang loai mau bang phuong phap chiéu xa chum tia dién tir trén
mau nude thai thuc té véi cac thong $6: néng do mau, pH, liéu chiéu xa ciia mau.
Noi dung 3: Khao sat kha ning loai mau bang phuong phép chiéu xa chum tia dién tir két
hop véi tac nhan oxi hoa hydoren peroxit trén mau nudc thai thuc té véi cac thong sb: nong
do mau, pH, lidu chiéu xa ctia mu.
Thoi gian thye hién: 12 thang (tir 1/2018 dén 12/2018).
Pon vi thuc hién chinh: Phong Nghién ciru va Phat trién, Trung tim Nghién ctru va Trién
khai Cong ngh¢ Buc xa.
Kinh phi thyc hién @@ tai: 80.000.000d (Tam muoi muoi triéu dong) tir ngudn Ngan sach
Su nghi¢p Khoa hoc.



PHAN I: TONG QUAN
1.1 Ngudn goc, thanh phin va tinh chat nwéc thai dét nhudm
1.1.1 Ngudn gdc phat sinh nwéc thai dét nhuém
Nganh dét nhuom la mot nganh rit da dang vé mit nguyén li€u, quy trinh, san phém,
thiét bi va c6 ddy chuyén cong nghiép rat phirc tap. Trong qué trinh san xuat ctia nganh dét
nhudm st dung nudc nhidu va ngudn phét sinh ra nudc thai nganh dét nhuoém & rat nhiéu
cong doan khac nhau, thay d6i theo timg loai san phdm. Cac loai nguyén liéu thuong st

dung trong nganh dét nhuém goém [1]:

- Soi cotton (Co): duge kéo tir soi bong vai co dic tinh hat 4m cao, xdp, bén trong moi
truong kiém, phan hily trong moi truong axit. Vai dét tir loai sgi nay thich hop cho
khi hau néng mua hé. Loai soi nay chira nhiéu tap chat nhu sap, may long va dé
nhan.

- Soi tong hop (PE): 13 soi hoa hoc dang cao phan tir duoc tao thanh tir qua trinh téng
hop cac chét hitu co. N6 ¢6 dic tinh 13 hit 4m kém, cimg, bén & trang thai uét.

- Soi pha (soi polyester két hop véi soi mot sb loai soi khac): soi pha nay khi kép hop
tao thanh sé& khic phuc dugc nhitng nhugc diém cua soi téng hop va sgi tu nhién.

Nhu ciu st dung nudc cho mot mét vai nam trong khoang 12 dén 65 lit va thai ra tix 10
dén 40 lit. Theo mét s tai lidu nudce ngoai lugng nudce thai tinh cho mdt don vi san ph'flm
ciia mot s& mat hang nhu sau:

- Hang len nhudm, dét thoi (gém xir 1y va nhudém) 1a 100 — 125 m*/tan vai.

- Hang vai bong, nhudm, dét thoi 1a 80 — 240 m’/thn vai, bao gém: hd so1 0,02 m3/t§n;
nau, giii, ho tdy 30 — 120 m*/tdn; nhuém 50 — 120 m*/tan.

- Hang vai bong nhudm, dét kim 1a 70 — 180 m’/tin.

- Hang vai bong in hoa, dét thoi 1a 65 — 280 m’/tin, bao gém: hd soi 0,02 m*/tin; néu,
gifi, hd tiy 30-120 m*/tan; in sdy 5-20 m’/tin; giat 30-140 m’/tin.

- Khan len mau tur sgi polyacrylonitrit 1a 40 — 140 m’/1t4n, bao gém:nhuém so1 30 —
80 m3/tén; giat sau dét 10 — 70 m’/tan.

- Vai trang tir polyacrylonitrit 1a 20 — 60 m*/tin (cho tay git).

Nguén nudc thai trong qua trinh nhudm, dét duoc tao ra thong qua cac cong doan chinh

nhu: ho so1, giti hd, nau, tdy, nhudém va hoan tat [1].
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Hinh 1.1. So d6 nguyén 1y cong nghé dét nhudm va cac ngudn nude thai

Bang 1.1. Cac chit 6 nhiém va dic tinh cta nudc thai nganh dét nhudm [1]

Cong doan

Chit 6 nhiém

nwoc thai

trong

Dac tinh caa nuwdc thai




. . Tinh bot, glucose, | BOD cao (34 — 50 téng
Ho6 soi, rli ho )
polyvinyl, alcol, nhya ... | lugng BOD)
., NaOH, chéat sdp, soda, | Do kiém cao mau toi, BOD
Nau tay . .
silicat va so1 vai vun cao.
., Hypoclorit, cic hop chat | P6 kiém cao, chiém 5%
Tay trang ) ,
chtra Clo, axit, tap chat ... | BOD tong
) Do kiém cao, BOD thép
Lam bong NaOH , tap chat ... ' ,
(dudi 1% BOD tong )
Cac loai mau nhuom, acid | P60 mau rit cao BOD kha
Nhuom . fo o . 2
axetic, cac mudi kim loai | cao (6% BOD tong), SS cao
Chat mau, tinh bot, dau
In . ' Do mau cao, BOD cao
muoi, kim loai, axit ...
, Vét tinh bot, m& dong vat, . )
Hoan tat . Kiém nhe, BOD thap ...
muoi

Hoa chét sir dung: hd tinh bot, H,SO,, CH;COOH, NaOH, NaOCl, H,0,, Na,COs,
Na,SO; ...cac loai mau nhudm, cac chit tro, chat ngéim, chit cAm mau, chat téy giat. Thanh
phﬁn nudc thai phu thude vao: dac tinh cta vat liéu nhuom, ban chit cia mau nhudm, cac
chét phu trg va cac hoa chét khac dugc st dung.

Bang 1.2. Hoa chit sir dung trong nganh dét nhudém [15]

STT Héa chit Khoi lwgng (Kg/thang)
1 Acetic Acid 1611
2 Ammonium Sulphate 858
3 P V Acetate 954
4 Wetting Agent 125
5 Caustic Soda 6212
6 Softener 856
7 Organic Solvent 247
8 Organic Resin 5115




STT Héa chit Khoi lwong (Kg/thang)
9 Formic Acid 1227
10 Soap 154
11 Hydrosulphites 6563
12 Hydrochloric Acid 309
13 Hydro Peroxit 1038
14 Leveling & Dispersing Agent 547
15 Solvent 1425 321
16 Oxalic Acid 471
17 Polyesthylene Emulsion 1174
18 Sulphuric Acid 678
19 Disperse Dyes (Polyester) 1500
20 Vat Dyes (Viscose) 900
21 Sulphur Dyes 300
22 Reactive Dyes 45

1.1.2 Tinh chat nwéc thai dét nhugm

Nudc thai dét nhudm nhin chung rat phtic tap va da dang, c6 hang trim loai hoa chat
dac trung nhu phém nhudm, cht hoat dong bé mat, chat dién ly, chét tao moi truong, tinh
bot men, chat oxi hoa,.. duge dua vao st dung. Trong qua trinh san xut nude thai chu yéu
phat sinh tir cong doan nhudm va nau téy. Nudc thai dét nhudm néu x4 truc tiép vao nguén
tiép nhan s€ gay 0 nhiém nang cho moi trudng séng nhu d6 mau, pH, chét lo lung, BOD,
COD, nhiét do déu vuot qua tiéu chuan cho phép xa vao ngudn tiép nhan. Cac loai mau
nhudm dugc dac biét quan tam vi chung la nguén sinh ra cac kim loai, muéi va mau trong

nuéc thai. Cac chat hd vai véi luogng BOD, COD cao va cac chit hoat dong bé mat 1a

nguyén nhan chinh gay ra tinh doc cho thuy sinh ctia nudc thai dét nhuém [1].

Nudc thai dét nhud¢m thuong c6 nhiing déc trung sau day [15]:




- Nhiét d6: Thong thuong, nhiét d6 nuéc thai dét nhudm kha cao, it nhat dat 40°C.
Can luu ¥ dic diém nay khi ap dung cac cong nghé xir Iy nudce thai dé dam bao hiéu
suit ti da va hé théng lam viéc hiéu qua.

- Dic trung d6 pH: San pham nganh dét nhudm hién nay & nude ta chi yéu 1a cac loai
s¢1 bong va sg¢i pha (pha gifra polyester va bong, hodc pha gilta polyester va visco)
nén nude thai cé6 d6 kiém cao. Thong thuong gia tri d6 pH dao dong tir 9 — 12. Con
dbi v6i nude thai ciia cac quy trinh san xuét c6 cong doan giidt tiy kéo dai, st dung
nhiéu héa chét thi d6 pH c6 thé 16n hon 12. Néu dudng ong cao c6 thé dn mon cic
duong dng, anh huong dén méi trudng sinh thai.

- Dic trung 6 nhiém hitu co: Puoc dic trung bai 2 thong s6 1a COD va BOD, gy ra
boi cac hoa chit sir dung trong qua trinh san xuat. Nudc thai dét nhudém cé cac chi sd
BOD va COD cao cha yéu 1 do qua trinh h soi, giii hd va nhudém in. Do qua trinh
hd soi str dung ho tinh bot dé 1am ting do bén, d6 tron va d6 bong cia soi vai, vi thé
nén qua trinh ho soi, ndu tiy va giti hd sé thai bé luong 16n chat hitu co vao ngudn
thai. Lwong BOD trong giai doan nay thong thuong chiém khoang 50% luong BOD
téng.

Ngodi ra giai doan nhudém in ciing lam ting chi s6 COD cta ngudn thai. Do cac loai
hoa chét st dung trong qua trinh nhu¢m: mau nhudm, chit cAm mau, chat ngém mau... va
céc hoa chat phy gia déu 13 nhitng hop chét hitu co bén vimng. Cac loai mau nhudém thudng
khong ngam hét vao soi vai, ton du trong mdi trudng nudc va tao ngudn thai gy 6 nhiém
[15, 16].

bac trung d0 mau: D6 mau 1a mot trong nhirng dac trung quan trong cua nudc thai dét
nhudém. Chat mau trong ngudn thai ndy bt ngudn tir cac loai hoa chit dung trong giai doan
nhudm vai: mau nhudm, thudc trg nhudm, chat ngém, chit cdm mau... Do d6 mau cla
nudc thai dét nhudm thay doi tuy theo loai mau nhuom ma nha may st dung. Nhitng nha
may su dung mau hoat tinh thi 6 mau nudc thai thuong cao hon nhiing nha may khac do
lugng ton du cta loai mau nhuém nay rat 1én. DO mau nudce thai dét nhudém co khoang dao
dong rong (tir 300 dén 50.000 Pt — Co), ddi luc c6 thé rét cao, dat 50.000 don vi Pt — Co.
Do mau ludn 13 chi tiéu can quan tdm va xu 1y ddi v6i nude thai dét nhuém. Nhitng chét

gy ra d6 mau cho nudc thai dét nhuém thudng 1a nhitng chét hiru co bén viing trong moi



truong tu nhién, khé phan hiy sinh hoc, khong dé& dang loai bo dugc bang cac phuong phap
thong thuong. D6 mau khong nhimg 1dm mit m§y quan ma con ngin can su khuéch tan anh
sdng vao moi trudong nude, anh hudng dén cac loai thuy sinh vat. Hau hét cac loai mau
nhudm sau khi sir dung déu c6 luong ton du trong nudc thai.

Bang 1.3. Dac tinh nudc thai cua mot s6 mat hang dét nhuo¢m ¢ Viét Nam [1]

Hang
Dac tinh Don Hang pha | Hang pha .
, ' bong dét _ ' Dét len Sot
san pham Vi . dét kim dét kim
thoi
m’/1
Nudc thai , 394 264 280 114 236
tan vai
pH - 8—11 9-10 9-10 9 9-11
TSS mg/l  |400 — 1000 [950 — 1380 | 800 — 1100 420 {800 - 1300
BODS5S mg/1 70 —-135 | 90-220 | 120—-400 |120—-130|210—-230
COD mg/l 150 —380 |230—-500 | 570 —1200 |400 — 450|210 —230
D) mau Pt- Co |300—-600 |250—-500 1000 —1600 [260—300| 250-310

Mau nhudém hoat tinh 14 mau nhuém dugc sit dung phd bién hién nay do gam mau
rong, mau tuoi dep, c6 dd bén mau cao, phuong phap nhuém da dang va gia thanh vira
phai. Tuy nhién khi str dung mau nhudém nay thi luong ton du thai b ra moi truong 14 rat
16n, gay 6 nhiém niang né cho moi trudng sinh thai.

bac trung vé kim loai nang va cac chét hoat dong bé mat: Kim loai nang, cac chét hoat
dong bé mit va cac doc chat trong nudc thai dét nhuom 1a do céc loai hoa chit du thira tir
cong doan nhudm in. Cac chat nay co thé ton tai & dang nguyén thuy trong mau nhudém
hodc tir su phan ly ctia mau nhudm trong méi trudng nude. Cac chat hoat dong bé mat ngin
can sy khuéch tan oxi vao mdi trudng nudc, giy hai cho cac loai thiy sinh vat. Kim loai
nang nhu crom, coban, chi... va cdc nhan thom benzene gay doc sinh thai. Hoat dong cua
cac loai vi sinh vat hiéu khi va ki khi ciing bi anh hudng trong moi truong nudc thai dét
nhudm nén viéc dp dung cac phuong phdp sinh hoc xir 1y loai nudc thai nay thuong gap
nhiéu khé khan. Nhiéu nghién ctru cho théy réng doc tinh tir nudce thai dét nhudm cé thé

gay tir vong, ung thu va bién doéi gen doi vai cac loai thuy sinh va dong vat co vu.



Pic trung vé chat rin lo limg: Chat rin lo limg trong nguodn thai chu yéu 1a céc tap
chit, xo soi tach ra tiur qua trinh kéo so1, giat téy. Cac loai tap chét trong nudc thai dét
nhudm nhu: bui bong, bao bi, giéy vun, xi than, can dau... Chét rin lo lung trong nudc thai
dét nhudm thuong dao dong trong khoang tir 100 dén 1.300 mg/1.

Nhu vay nudce thai dét nhudm thuong phai xur 1y céc chi tiéu: pH, nhié¢t 4o, COD, BOD, SS,
do mau, kim loai ndng, cac chit hoat dong bé mit trude khi thai bé ra moi truong. Trong
do, do mau cua nudc thai luon can dugc quan tam va xu ly [1, 15, 16].

1.1.3 Anh hwéng ciia mau nhuém dén méi truwong

Mau nhuém khoéng dugc str dung hét hoan toan hodc khong ¢d dinh trén soi, hodc
khong duoc tai st dung ma dugc thai ra theo nudc thai dét nhudém c6 mot tdc dong truc
quan cao, va tuy thudc vao cAu tric clia cac mau nhudm, ching co thé dan dén bat cr su ¢d
moi trudng sau day: mot lwong cac hop chét hitu co cao (thudng thé hién ¢ cac gia tri cao
dbi v6i COD va BOD), cac gia tri AOX (cac halide hitu co hut bam) cao va kim loai ning
nhu déng, k&m, crom va nicken rat doc hai cho méi truong. Boi vi mau nhudom duoc thiét
ké sao cho on dinh trong hang dét, ching thuong khong dé dang phan huy sinh hoc trong
diéu kién hiéu khi. Mot diéu dang luu y rang thong thuong mot cong thirc mau nhudém chira
khoang 30% mau nhudém tinh khiét, con lai phan 16n 1a cac chat phan tan khong cé kha
nang phan hay sinh hoc (vi du, cac san pham ngung tu naphthalene sulfonic acid).

Cac mau nhuom hién dai va chit lam sang la cac phan tu chromophoric hitu co 16n rat
kho bi pha v& va oxi hoa & mot tbe do rat cham, dic biét 1a mau nhudm hoat tinh thuy phan
va mau nhudm acid nhét dinh khong dé dang dugc hut bam bdi bun cin hoat tinh trong qui
trinh xtr 1y nudc thai. Cac nguyén nhan khac gay 6 nhiém con lién quan dén viéc sir dung
cac chit hd tro duoc thém vao trude hodc trong qué trinh nhudém dé ting hiéu qua cho quy
trinh nhuém. Nhimg chat hd trg ndy c6 thé gop phan vao hién twong phii dudng cta nudc
bé mit bang cach 1am ting ndng d phosphorus va nitrogen [1, 15, 16].

1.1.4 So lwgc vé mau nhudm (chit tao mau)
1.1.4.1 Téng quan

Mau nhuém hay chét tao mau 1a nhirng chét hiru co c6 mau, hép thu manh mét phén
nhat dinh ctia quang pho anh sang nhin thdy va c6 kha ning gan két vao vat liéu dét trong

nhimg diéu kién quy dinh. Ching c6 ngudn gbc ty nhién hodc tong hop. Hién nay con



nguoi hau nhu chi st dung mau nhudm téng hop. Dac diém ndi bat cia cac loai mau
nhudm 13 d6 bén mau va tinh chit khong bi phan huy [1].

Mau sdc cia mau nhudém c6 duge 1a do ciu trac hoa hoc: cong thire chung nhét cua
mau nhudm gém nhoém mang mau va chat tro mau. Nhém mang mau la nhiing nhém chua
cac ndi d6i lién hop vé6i hé dién tir khong cb dinh -C=C-, -C=N-, -C=0, -N=N-, -NO,...

Nhom trg mau 1a nhitng nhém thé cho hodc nhéan dién t nhu -NH;, -COOH, -SO;H va
—OH...déng vai trd ting cuong mau ctia nhom mang mau bang cach dich chuyén ning
lugng cua hé dién tur.

Chét tao mau st dung trong cong nghiép dét duoc chia thanh mau nhudém (cac chét hoa
tan dugc) va bot mau (cac chét khong hoa tan). Céc chét tao mau cé thé duoc phan loai
theo cac cong nghé img dung cua chiing — mau nhuom hoat tinh, mau nhu¢m phéan tan, mau
nhudm hoan nguyén, mau nhuoém cAm mau, mau nhudm axit/bazo, mau nhudm truc tiép,
mau nhudm phirc hgp kim loai va cac bot mau. Cubi cung mau nhudm co thé phan loai theo
thanh phan hoa hoc cia chung (azo, anthraquinone, luu huynh, triphenylmethane, indigoid,
phthaocyamine, v.v...) hodc theo cdch ma ching hoat dong trong qué trinh nhudm.

Hau hét cac chit tao mau duoc st dung trong cong nghiép dét 1a nhimng mau nhuém
hoa tan. Pa sb cac chat nay la mau nhuém azo (70 - 80%). Hau hét cac bot mau trén thi
treong 12 bot mau azo, tiép theo 1 phthaocyamine[1, 15, 16].
1.1.4.2. Cac loai mau nhuom

Mau nhudm nhan tao thuong c6 3 cach phan loai chinh, phan loai theo cAu tao hoa hoc,
phan loai bang chi s6 mau va phan loai theo k¥ thuét.

Phan logi bang chi s6 mau: Viéc phan loai bang chi s mau dugc thuc hién dau tién boi
Hiép hoi nhitng ngudi san xuit thudc nhuém va mau vao nim 1921, trong d6 gi6i thiéu
1.200 loai thudc nhudém hitu co tong hop va mot sé thude nhudm thién nhién cing pigment.
Trong phién ban thi ba cia chi sé mau (colour under) xuat ban vao nam 1971 da liét ké
duge 7.900 tén xuat xtr va 36.000 mau thuong mai [1].

Phadn loai theo cdu tao héa hoc ciia nhém mang mau: khoang 20 - 30 ho mau nhudm khac
nhau. Trong d6 mau nhudém azo 1a ho mau nhuém quan trong nhét va c6 sb lugng 16n nhét,

chiém khoang 60 — 70% sd lwong cac mau nhudm tong hop. Cac ho mau nhudém quan trong



con lai gdm anthraquinon (khoang 15%), triarylmetan (khoang 3%) va phtaloxianin

(khoang 2%).Mot s6 loai mau nhudém phan loai theo cAu tao hoa hoc [1]:

Mau nhuom nitro: Mau nhudém nay thudc day benzene va naphtalen, chira mdt hoac
nhiéu nhém nitro (NO,) v61 nhém cho dién tir, vi du nhu hydroxil -OH-, imino =NH,
sunfo-SO;H hodc cac nhom khac. Thuong duge tao thanh cac phan tmg oxi hoa cua
phenol, naphtol va cic dan xuét sunponic acid ciia chung. Pham nhudém nitro chu
yéu c6 mau vang, thuong duoc dung dé nhudm len, soi, da. ..

Mau nhuom nitroso: Trong phan tir ¢c6 nhom nitroso (NO). Lép mau nhudm nay céd y
nghia rat thuc té. Mot loai mau nhudm thude 16p nay la beta — napholnitrozo, néu
cho loai mau nhudém nay tao phtrc ndi phan tor véi sat s& tao thanh mau xanh luc
dugc sir dung lam pigment, hodc cho tao phuc voi Cr'' s@ tao thanh mau gach, hoac
v6i Ni** va Zn®" s& tao thanh mau vang.

Mau nhuom azo: Mau nhudm nay c6 chtra nhdm mang mau 1a nhom azo, -N=N-.
Dua vao sé nhém azo ngudi ta chia thanh monoazo, diazo, triazo, polyazo...Nito
trong nhom azo lién két voi cac gdc hitu co ¢6 nhan thom da vong va di vong phirc
tap. Do tinh da dang cta cac thanh phan tong hop nén sé lugng hop chit azo duogc
tao thanh rat phong pht. Mit khac do qua trinh san xudt don gian, gia thanh thép,
kha ning nhuém mau cao va c6 do bén voi anh sang mit troi nén day 1 16p mau
nhudm quan trong va dugc san xuét nhiéu nhat, chiém gﬁn 50% téng san lugng mau
nhudm san xuit héng nam, bao gém nhiéu loai mau duoc phan chia theo tinh ki
thuat.

Mau nhuom antraquinon: Trong phan tor cua mau nhud¢m nay c6é chra mot hoac
nhiéu nhém antraquinon hodc cac din xuét cua ching.

Mau nhuém indigoit: Pay 13 loai mau nhudm trudc day co6 nguon goc tir cdy cham,
c6 mau xanh sAm. Hién nay, ngudi ta dua cac nhém thé vao phan tir indigo dé tao ra
mau nhudém indigoit v&i mau sic da dang hon. Cac nhom thé d6 co thé 1a: O, S, Se,
NH..., vi trf ctia cidc nhom thé nay duogc thé hién béng cacchtrcai X, Y.

Mau nhudém heu huynh: Trong phan tir mau nhudém c6 nhiéu nguyén tt luu huynh,

c6 chtra cac mach di hinh nhu tiazol, tiazin, azin...Nhiing goc nay s€ quyét dinh mau



cua mau nhudm. Loai mau nhuém nay khéng c6 mau d6 va mau tim, thuong dugc
dung dé nhudm soi cotton va visco.

Mau nhuém arylmetan: Trong phan tir c6 chira dan xuat clia metan, trong d6 nguyén
t&r cacbon trung tAm tham gia vao mach lién hop ciia nhém mang mau. Néu gbc R 1a
hydro hoic hydrocacbon mach thing thi s& c6 mau nhudém diarylmetan, con néu R 1a
gbc Ar’’ thi s& c6 mau nhudm triarylmetan. Ngoai nhiing gbc chinh, loai mau nhuom
nay con co thé ton tai & cac dang dan xuét nhu diamino, triamino, hydroxil. ..

Mau nhuém polymetyn: Loai mau nhudém ndy cé cong thirc tong quat Ar-(CH=CH)-
CH=Ar’. Trong d6 Ar va Ar’ la cac nhom cho va nhan di¢n tr (benzn, naphtalen,
piridin, indol...), mau sic ctia mau nhudm tiy thudc chi yéu vao cac gbe cho, nhan
dién tr nay.

Mau nhuém arylamin: Nhom mang mau trong phan tir 13 mach ndi cac gdc thom
chtra cac nhom dién tr vé1 nhau qua nguyén tir nito trung tam: Ar-N=Ar’. Lép mau
nhudm nay co thé chia 1am cac nhém: diarylamin, oxazin, tiazin va azin.

Mau nhuom azometyn: Loal mau nhudm nay rat it duoc san xuét, c6 nhom mang
mau 12 Ar-CH=N-Ar’. Dung dé nhudm to acetat, to soi tong hop.

Mau nhuém hoan nguyén da vong: Trong phan tir nhém mang mau 1 hop chit da tu
gifra antraquinon (hodc dan xuét) Vo1 cac vong di thé khac, tao nén mach da vong.
Mau nhuém phtaloxiamin: Nhom mang mau trong phan to 1a mot h¢ 1ién hop khép
kin. Nhitng nguyén tir hidro hodc nhom imin dé dang bi thay thé béi cac ion kim
loai, cac nguyén tir nito tham gia tao phirc véi kim loai, lam mau séc ciia mau nhuém

thay doi. Pay 1a mot loai mau nhudém tuong d6i mai.

Phdn logi theo ki thudt: Thude nhudém dugce lién két vat lidu bang cac lién két ion, lién két

hydro, lién két dong hoa tri va lién két Van Der Waals. Cach phan loai niay dua vao tinh

chit cong nghé duoc s dung dé nhudém vai. Nhitng loai mau nhu¢m tuy cung mot nhém

khi phén chia theo cdu tao héa hoc c6 thé nam ¢ nhitng nhom khac nhau khi phén loai theo

mat ki thuat. Gom mot sd loai [1]:

Mau nhuém truc tiép: La nhirng hop chét anion c6 phan tir twong d6i 16n, c6 nhém

SO;Na nén rat dé tan trong nude, c6 kha ning tu bat mau, nhung can phai st dung



thém chat cdm mau do kém bén d6i vi anh sang va giit giti. Chu yéu duoc st dung
dé nhudm céc chit nén cellulose ma khong can tro chit cAm mau.

Mau nhuom acid: La nhirng hop chét anion dung dé nhudm céc loai xo soi co chta
nito nhu: len, to tam, acryl bién tinh va mot s6 khac duoc dung dé nhudm da va long
thi. PO bén mau véi anh sang va giat thi tir kém dén rat tot, tiy thudc vao cau tric
héa hoc ctia mau nhudém. C6 dic diém la dé tan trong nudc, dung dé nhudm vai
trong moi truong acid, ban than mau nhudm cé phan tng trung tinh.

Mau nhuom hogat tinh: Trong phan tr ciia loai mau nhudm nay c6 cac nhém chirc co6
thé tao thanh nhiéu lién két héa hoc v&i soi vai, vi thé nén d6 bén mau kha cao. Cong
nghé nhudm str dung mau nhuom hoat tinh da dang va khong phuac tap. Mau nhuém
hoat tinh c6 cong thirc tong quat 1a: S-R-T-X. Trong d6: nhom S tao cho mau nhuém
c6 kha ndng hoa tan trong nudc (-SO3Na, -COONa, -SO,CH;...), m{t phan tor mau
c6 thé mot hay nhiéu nhém S. Nhom R quyét dinh mau sic cia mau nhudém
(monoazobenzen, diazobenzen, antraquinon, phirc mau azobenzene vai kim loai...).
Nhom T 13 nhom tao lién két véi soi vai, quyét dinh d6 bén mau va hoat tinh cia
mau nhudm, khi thay ddi cac nhom chire trong géc T s& tao duoc nhiéu loai mau c¢6
hoat tinh mong mudn, phu hop voi céac vat liéu khac nhau. Nhém X tao diéu kién dé
thyc hién phan tng hoda hoc véi soi vai, thuong tach ra trong qua trinh nhuém (-Cl, -
SO,, -NR;...). Pay 1a loai mau nhu¢m dugc str dung rat phé bién hién nay, duoc st
dung nhudém céc sgi cellulo, nhu cotton va len.

Mau nhuém bazo — cation: La hop chét cation hoa tan trong nude, duge st dung dé
nhudm cac loai xo s@i mang tinh acid, gén vao duoc soi vai do tao thanh mubi véi
cac nhom chirc mang tinh acid trong soi vai.

Mau nhuém cam mdau: Mau nhudém cdm mau c6 thé duoc phan loai nhu mau nhudém
acid, nhung do cong nghé sir dung ching, ching la mdt loai mau nhudém doc lap.
Céc phan tr mau nhudm nay khong chira crom, tuy nhién crom c6 mit trong mudi
dugc st dung dé gén két mau nhudm vao céc soi vai. Cac mudi thuong dugc st
dung trong qua trinh nay la: potassium dichromate, potassium chromate va sodium

dichromate. Mau nhuom cam mau dugc s dung dé nhudm s@i protein va



polyamide. Mot mudi crom dugc pha trén vao dung dich nhudém dé gén két mau
nhudm vao soi. PO bén mau véi anh sang va giat la tuyét voi.

- Mau nhuém hoan nguyén: Bi véi cac loai mau nhudm hoan nguyén khong tan thi
dic diém dau tién cia loai mau nhudm nay 13 khi nhuém can khtr voi Na,S,0, trong
moi truong kiém manh dé chuyén thanh dang hoa tan goi 1a loco. Khi nhuém can
thAm uét soi vai bang dung dich loco, sau d6 tai sinh mau nhudém bang qué trinh oxi
héa nhu phoi ngoai anh sang mit trdi hodc st dung cic chat oxi hoéa (H,O,,
K,Cr,05...). Bo bén mau cia loai mau nhudm nay kha cao.

- Mau nhuém hew huynh: Pham nay bao gdm cau trac amino va phenolic gin két véi
cac hop chit lwu huynh va co trong lwong phén tir cao. Pham nhudm nay khong tan
trong nudc, can duge khir bang Na,S dé chuyén thanh dang loco tan duoc (do khir
cac nhoém cau ndi S-S thanh SNa), bam chic vao soi vai. Sau d6 duoc oxi hoa khong
khi tr¢ thanh dang khong tan. Mau nhudm nay bén véi 4nh sang mat tro1 va do am.
Phuong phap nhudém kha phtc tap va thang mau khéng c6 mau do. Puoc diéu ché
bang cach cho cac hop chat hitu co tac dung voi luu huynh hodc Na,S, (Vi x > 2).

- Mau nhuém azo khéng tan: La san pham khéng hoa tan cua phan Gng giita mot
thanh phan két hop va mot amin vong diazo héa. Phan tmg niy dugc tién hanh ngay
trén soi. T4t ca cac mau nhudm azoic 13 cac hop chit azo.

- Mau nhuom phan tan: Pugc sit dung cho cac loai vai soi ki nude, duge str dung
du6i dang huyén phu, c6 kha ning phén tan trén cac soi vai nhu acetat, polieste. ..

- Mau nhuom oxi hoa anilin den: Puoc tao ra do su oxi hoa cac aniline va déng déng
ctia nd. Dung lam mau nhudm cho gd, vai, da...

- Mau nhuém pigment: Thuong duoc san xuat dudi dang bot (c& micro), khong tan
trong moi truong nude va khong tan trong moi trudong str dung.

1.1.4.3 Pham vi su dung mau nhuom

Thudc nhudém trong dich nhudém cé thé & dang hoa tan hay phan tan va moéi loai thude
nhudém khac nhau s& thich hop cho timg loai vai khac nhau. Pé nhudm vai tir nhitng loai vai
ra nude, ngudi ta thuong dung thuée nhudém hoa tan trong nude. Cac loai thuée nhudém nay

s& khuéch tan va gén mang vao xo soi nho céc luc lién két hoa ly (thuéc nhudm truc tiép),

lién két ion (thudc nhudm axit, bazo), lién két dong hoa tri (thubc nhudém hoat tinh). Con dé



nhudm vai tir nhitng nguyén liéu soi ky nudc nhu soi tong hop thi nguoi ta dung thude

nhudém khong tan trong nuée (thudc nhudém phén tan) [1, 15].

1.1.4.4 Murc do gan mau cua cac logi thuoc nhuom

Khi nhudm vai thi qua trinh nhudm vai xay ra theo bon budc:

Di chuyén cac phan tu thudc nhuém dén bé mat soi

Gan mau vao bé mit soi

Khuéch tan mau vao trong soi, qua trinh ndy ndy xay ra chim hon so véi qua trinh
trén

C6 dinh mau vao soi

Bang 1.4. Ty 1& mau khong gin vao soi cta cac loai soi [1]

Thudc nhuém Phin mau khong gin vao s¢i (%)

Truyc tiép 5-30

Hoan nguyén khong tan 5-20

Hoan nguyén tan 5-15

Luu huynh 30-40

Hoat tinh 5-50

Phan tan 8—-20

Pigment 1

Axit 7-20

Bazo 2-3

Tuy nhién, d§ gan mau cua cac loai thuéc nhudc nhudém vao s¢i khac nhau. Ty 1€ gan

mau vao trong soi nam trong khoang 50 — 98 %, phan con lai s& di vao nudc thai. Ty 18

mau khong gin vao soi duoc tom tit trong bang 1.4 [1, 15, 16].

1.1.5 Céc loai mau nhudm trong nwée thai nghién ciru [1]

1.1.5.1. Mau Yellow GR

a. Tén goi, ngudn goc

Tén goi: C.I. Yellow GR véi ciu tao hay 16p hoa hoc 4-/2° — Hidroxietylsunfonyl-2—

Metoxi—5—Metylanilinsunfat ette hay 1-/4°’—Sunfophenyl-/3—Metyl-5—Pirazolon.



/CHZ_Cg_I
NaO3SOCH 2CH202S_HC\ /CH_N:N_C_C_CH3

Hinh 1.2. Cau tric phan tir C.I Yellow GR
b. C4u tao va tinh chat héa hoc

Mau nhuom Yellow GR thudc loai mau nhuém azo, hoac phan chia theo ky thuat
thudc loai mau nhuom hoat tinh. C6 cong thuc phan tor 1a C,9H3N4Na,O4,S; khdi lugng
phén tr 632,6351 g/mol.

Nhém mang mau trong phéan tir Yellow GR 1a do nhém —N=N—. Do c6 2 gbc NaOsS
nén dé tan trong nudc. Ban diu mau nhudém ¢ dang bot mau vang. Khi hoa tan trong nude
c6 mau vang anh cam.
1.1.5.2. Mau nhuém Reactive Red 10
a. Tén goti, cAu tao.

Tén goi: C.I.Reactive Red 10; CAS No 56275-23-1

Cl

CIH,CH,CHNO,S— N

\

N

H,C N\
3 N(CH,CH,OH),

Hinh 1.3. Ciu trac phan tir Reactive Red 10

b. CAu tao va tinh chat hoa hoc



Mau nhudm Reactive Red 10 thudc loai mau nhudm azo, hoac phan chia theo k¥
thuat thudc loai mau nhudm hoat tinh. C6 cong thirc phan tir 1a C,0HpsC1,N,O4S khdi lugng
phan tir 491,43 g/mol.

Nhém mang mau trong phan tir Reactive Red 10 13 do nhém —N=N-. Ban diu mau
nhudém ¢ dang bot d6. Khi hoa tan trong nudc ¢6 mau do anh vang, hinh thanh lién két hoa
tri v&i vai nén cho do bén giat va ma sat cao.
1.1.5.3. Mau nhuom Turquoise Blue HF -G 133%

a. Tén goi, cAu tao
Tén goi: C.I.Turquoise Blue HF—G 133%, s6 hi¢u trong Color Index 1a Blue 21. Co cAu tao
hay 16p héa hoc 4-2/-Hidroxietylsunfonyl-Anilinsunfat ette; Pong — phtaloxianin;

Closunfoaxit.
(SO;Na), x =1-2

DPdng — phtaloxianin

CH,—CH,
0,8 NH—HC /CH $0,CH ,CH ;080;Na
CH2—CH,

Hinh 1.4. Cau tric phan tir C.I. Turquoise Blue HF-G 133%,
b. C4u tao va tinh chat héa hoc
Mau nhuom Turquoise Blue HF—G 133% dugc phan chia theo k¥ thuat thudc loai

mau nhudm hoat tinh, do c6 goc NaOsS nén d€ tan trong nudc.

Ban diu mau nhudém & dang bdt mau xanh duong. Bot hoa tan 100 — 300 g/l & 30°C,
phu hop dé nhudm cotton, linen, lua, soi polyamide va in vai visco.
1.1.5.4. Mau nhuom Reactive Black 5
a. Tén goi, cAu tao

Tén goi: Tetrasodium (3Z)-5—amino—4—oxo—6—[4—(2— sulfonatooxiethylsulfonyl)
phenyl] diazenyl— 3— [[4— (2—sulfonatooxiethylsulfonyl) phenyl]
hydrazinylidene]naphthalene—2,7—disulfonate

Hay: C.I.Reactive Black 5, C.I1.20505, Reactive Black KN-B, Black B, Cibacron
Navy DP-B.
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Hinh 1.5. Ciu tric phén tir Reactive Black 5
b. Céu tao va tinh chat hoa hoc

Mau nhuém Reactive Black 5 1a mot chit mau azo hai géc aryldiazenyl duogc dat & vi
tri 2 va 7 ciia mot naphthalene. Cong thtrc phan tir: C,sH,1NsNasO19S6 phén tur khdi: 991,82
g/mol.

Mau nhuom Reactive Black 5 1a dang bot mau den, do tan & 20 °C 1a 200 g/l. Pugc st
dung cho bong, viscose, len va soi polyamide phd bién, ciing c6 thé duoc sir dung cho in 4n

va nhudm truc tiép.
1.1.5.5. Mau nhuom Reactive Orange 13
a. Tén goi, cAu tao

Tén  goi:  trisodium  2—[(2E)-2-[6-[(4—amino—6—chloro—1,3,5-triazin—2—yl)—
methylamino]—1-oxo—3—sulfonatonaphthalen—2—ylidene]hydrazinyl|naphthalene—1,5—

disulfonate



Hay: C.I.Reactive Orange 13, C.I1.18270, Reactive Orange H-2R, Reactive Brilliant
Orange K-7G, Reactive Brilliant Orange K—7R, Reactive Orange P-3R

N
NaO,$ cl | YNHz

Hinh 1.6. Cau tric phan tir Reactive Orange 13
b. C4u tao va tinh chat héa hoc

Mau nhudm Reactive Orange 13 duoc 13 mau nhuém mau azo, do c¢6 gbc NaO;S nén
dé tan trong nudc. Reactive Orange 13 c6 cong thirc phan tir: Cy,H,;sCIN;Na;0,0S;, phdn
tir khdi: 762.022 g/mol.

Mau nhuom Reactive Orange 13 ¢ dang bot mau cam, do hoa tan & 20°C 14 150 g/l, o
50°C do tan 1a 160 g/l. BPugc str dung cho vai viscose bong hoac nhudm va in an, cling c6

thé dugc st dung cho nhudm va in an len, lya.

1.2 Mt s6 phwong phap xir Iy nwéc thai nganh dét nhuém

Véi nhitng dac tinh co ban va sy khong 6n dinh vé thanh phﬁn, nudc thai dét nhuom
1a mot trong nhiing loai nudc thai khé xur 1y dic biét 1a chi tiéu vé do mau. Dé dat dugc yéu
cau vé chi tiéu d6 mau theo dang quy dinh thi chi phi cho viéc xir Iy thuong ting cao, tic
dong truc tiép dén chi phi san xuat va anh hudong nhiéu dén ning luc canh tranh cta doanh
nghiép. Phy thudc vao mirc d6 xur Iy c¢6 thé ap dung riéng r& hodc két hop nhiéu cong doan
xtr 1y khac nhau. Sau day 1a nhimng bién phap tong quat c6 thé ap dung dé xu 1y nudc thai

dét nhuom.
1.2.1. Phuwong phap co hoc

Thuong dugc 4p dung & giai doan dau cua quy trinh xt 1y, qua trinh duoc xem nhu

budc dém dé loai bo cac tap chat vo co va hitu co khong tan hién dién trong nudc nham



dam bao tinh an toan cho céc thiét bi va cac qué trinh xir 1y tiép theo. Xir Iy co’ hoc nham

muc dich:

— Tach cac chat khong hoa tan, nhitng vat chat c6 kich thude 16n nhu nhanh cay, gd,

nhua, 14 cay, gié rach, dau md... ra khoi nude thai.
— Loai bd can nang nhu séi, thuy tinh, cat...
— Piéu hoa luu ludng va ndéng do cac chit 6 nhiém trong nude thai.
— Nang cao chit lwong va hiéu qua cia cac bude xir 1y tiép theo.

Céc phuong phap co hoc thuong ap dung nhu: song chin rac, ludi chan rac va bé diéu

hoa [15].
1.2.2. Phuwong phap sinh hoc

Phuong phap sinh hoc 14 phuong phép dung vi sinh, cha yéu 1a vi khuan dé phan hay
sinh héa cac hop chét hiru co, bién cac hop chat co kha nang thi rita thanh cac chat on
dinh voi san pham cudi cung 1a cacbonic, nude va cac chit vo co khac. Do vay phuong
phap nay dung khi di loai bo cac tap chit phan tan th. Phuong phap sinh hoc c6 thé chia
thanh hai loai: xtr 1y hiéu khi va xir I yém khi trén co s& ¢ oxi hoa tan va khong c6 oxi
hoa tan.

Xu 1y sinh hoc mau dua trén co sé la su chuyén hoa sinh hoc mau caa vi sinh vit.
Mau rat kho phan huay, kha ning phan huy chit mau va sic t6 cta vi sinh vat néi chung 1a
rat yéu. Thi du ngudi ta c6 thé dung bun hoat tinh dé loai bo chat mau ra khoi nudc thai,
nhung trong bun khong xay ra qua trinh phan hty ban than chit mau ma chi tich chung ra
khoi nude thai nhd qua trinh hap phu (ciing nhu hau hét cac k§ thuat néu & trén). Tuy nhién
cling c6 mot s nhom mau, trong d6 c6 mau azobenzen, 1a mdt trong nhimg nhom mau
quan trong nhat, lai d& bi phan huy bai bién phap xtr 1y sinh hoc ca & diéu kién hiéu khi va
yém khi [11]. Nguyén nhan chil yéu vi & diéu kién yém khi, nhiéu loai vi sinh vét c6 kha
nang téng hop enzim xdc tac phan tmg khir lam phan rd nhom azo- clia mau. Sau d6 ¢ diéu
kién hiéu khi cac doc chat chira nhém amin néi trén sé& bi phan ra tiép boi phan tng oxi hoda
dugc enzyme “azoreductaza” do vi sinh vt tao ra xtc tac (Hinh 1.7).Vi vay dé xt Iy mau

nuéce thai nhudém nguoi ta thuong két hop yém khi va hiéu khi, nhuge diém cia phuong



phap nay 1a qua trinh khir mau azobenzen trong diéu kién yém khi rat cham, doi hoi thoi

gian xu ly lau [11].
R—szﬁ‘?}—m:m—éﬁ— R

+4H*
$+da

Hinh 1.7. Phan ra yém khi nhom azo cua mau nhudém

1.2.3. Phuong phap hoa hoc
1.2.3.1. Phuong phap trung hoa

Nudce thai co do axit cao can cho qua bé chua vat liéu loc c6 tinh kiém nhu véi, da
voi, d616mit, hodc dung nudc voi, dung dich kiém (NaOH, Na,CO;) dé trung hoa. Néu
nuée thai co tinh kiém, dung axit lodng dé trung hoa. Trudc khi trung hoa can chuédn bi va
tinh todn lugng hoa chat sao cho sau khi trung hoa pH ctia moi truong dat duoc gia tri

mong muon.

Trong qud trinh trung hoa mdt luong bun cén dugc tao thanh. Luong bun nay phu
thudc vao néng do va thanh phan cua nudc thai ciing nhu loai va luong cac tac nhan xur

dung cho qué trinh [15].
1.2.3.2. Phuwong phap oxi hoa — khuwr

Dé 1am sach nudc thai co thé dung cac chat oxi hoa nhu Clo ¢ dang khi va héa long,
dioxit clo, clorat canxi, hypoclorit canxi va natri, pemanganat kali, bicromat kali, oxi khong

khi, ozon...

Trong qua trinh oxi hoa, cac chat doc hai trong nude thai duge chuyén thanh céc chat
it doc hon va tach ra khoi nudce thai. Qua trinh nay ti€u tdn mot lugng 16n tac nhan hoéa hoc,
do d6 qua trinh oxi hoa chi duoc dung trong nhirng truong hop khi céc tap chat giy nhiém

ban trong nude thai khong thé tach bang nhitng phwong phéap khac [15].



1.2.3.3. Phuwong phap hoa — ly

Phwong phdp keo tu — tgo bong: Qua trinh ndy thuong duoc ap dung dé khir mau,
giam do duc, can lo ling va vi sinh vat. Khi cho chét keo tu vao nude thd chia cin léng
cham (hoac khong léng dugc), cac hat min két hop lai v&1 nhau thanh cac bong can 16n hon
va ning, cic bong cin nay co thé tu tach ra khoi nudc bang ling trong luc. Dé ting téc do
lang, ngudi ta thuong dung cic chat gay keo tu nhu: Al(SO,);.nH,0 (n = 13 + 18),
NaAlO,, hon hop Na,CO; + Aly(SOy4);, FeSO,.7H,0 Ca(OH),. Tuy nhién trong thurc té
nguoi ta thuong sir dung phén sit hon do chung ¢6 vu diém nhiéu hon phén nhom. Trong
qué trinh keo ty nguoi ta con su dung chét tro keo tu dé tang tinh chét léng nhanh va dac
chic do d6 s& hinh thanh bong ling nhanh va dic chic nhu sét, silicat hoat tinh va polymer

[9, 17, 18].

Phwong phdp hip phu: Phuong phap hap phu duge dung rong rii dé lam sach triét dé
nuéc thai khoi cac chit ban cac cht hiru co hoa tan sau khi xu Iy sinh hoc ciing nhu xt Iy
cuc bd. Phuong phap hap phu dya trén nguyén tic cac chat 6 nhiém tan trong nudc co thé
bi hap phu trén bé mat mot sd chat ran (chat hap phu). Cac chit hip phu thuong dung 1a
than hoat tinh dang hat hay dang bét, than bun séy kho, dat sét hoat hoéa. Hép phu la
phuong phap duoc str dung nhét trong xtr Iy nude thai bang phuong phap hoa 1y, ma co thé
két hop nudc thai va cac vat liéu xép bot hodc hat, chéng han nhu than hoat tinh va dat sét,
hodc dé nudc thai qua bé loc ciia nd6 bao gdbm cac vat liéu dang hat. Thong qua phuong
phap nay, cac cht 6 nhiém trong nudc thai dugce hip phu va loai bo trén bé mit cia vat lidu
xép hodc bd loc. Céac chat hép phu thuong dugc str dung la than hoat tinh, polyme silicon
va cao lanh. Cac chat hip phu khac nhau c6 kha niang hip thu chon loc cia mau nhudm.
Nhung cho dén nay, than hoat tinh van 1a chét hép phu tdt nhat cua nudc thai dét nhudm.
D6 mau c6 thé duoc loai bo 92,17% va COD c¢6 thé duogc giam 91,15% trong loat 160 phan
tng hép phu, dap tng cac tiéu chuan nudc thai trong nganh cong nghiép dét may va cé thé
dugc tai str dung 1am nuée rira. Boi vi than hoat tinh c6 lya chon dé hap thy mau nhudm,
n6 c¢6 hiéu qua cé thé loai bé mau nhudém hoa tan trong nude trong nude thai, ching han
nhu mau nhudm hoat tinh, mau nhudm co ban va mau nhuém azo, nhung né khong thé hép

thu cac chét rin lo ling va mau nhudm hoa tan. Hon nita, than hoat tinh khong thé duoc st



dung truc tiép trong xtr Iy nudc thai dét nhuém ban dau, trong khi thudng duge sir dung &
ndng d6 thap hon cta xtr 1y nudce thai nhuém hay xtr 1y bac cao vi chi phi tai sinh cao [11,

17, 18].
1.2.3.4. Phuong phap mang

Phuong phap mang dugc Ung dung trong xtr Iy nudc thai nganh dét nhudm véi muc
dich thu hdi hoa chit dé tai sir dung. Nguyén 1y ctia qué trinh loc mang 13 sy chénh 1éch ap
suit giita 2 phia ciia mang. Qua trinh tach qua mang 13 phuong phap st dung vi 15 cua
mang loc va str dung cac tinh thdm c6 chon loc mang dé tach mét sb chat trong nudc thai.
Hién nay, qua trinh tich mang thudng dugc str dung dé xir Iy nudce thai nhudém chu yéu dua
vao ap sudt mang, nhu thdm thau nguoc, siéu loc, lgoc nano va vi loc. Qua trinh tach qua
mang la mot cong ngh¢ taich mdi, c6 hiéu qua tach cao, ti€u thu ning lugng thép, dé su
dung, khong gay 6 nhiém. Tuy nhién, cong nghé ndy van chwa dugc thiuc diy véi quy mo
16n béi vi nd c6 nhimg han ché doi hoi thiét bi dic biét, c6 von dau tu cao va tic nghén

mang [15].
1.2.3.5. Phwong phdp tham thdu nguoc

Mang loc tham thau nguoc ¢o ty 1€ luu gitt 90% hoac nhiéu hon cho hau hét cac loai
hop chit ion va cho ra kha ning thdm thiu cao. Sy phan hily mau va loai bo cac tro chat
hoa hoc ¢6 trong nudce thai dét nhudm co thé dugc thyc hién trong mot budc duy nhat béng
cach tham thdu ngugc. Tham thiu nguoc cho phép loai bo tit ca cac mudi khoang, thuy
phan mau nhudém hoat tinh, va phu hoa hoc. Can luu ¥ rang ndng do mubi hoa tan cang cao
thi 4p sut thAm thau cang 16n. Do d6, ning luong can thiét nhiéu hon cho qua trinh tach

[15].
1.2.3.6. Phuong phap loc nano

Loc nano di duoc ap dung dé xir Iy nudc thai mau tir cac nganh cong nghiép dét may.
Kich thudc 16 cta nd chi khoang vai chuc nanomet. Su két hop qua trinh hap thu va loc
nano da dugc cong nhan 1a co thé duge ap dung dé xur 1y nudc thai dét nhudém. Céc budc
hap phu trudc loc nano, boi vi chudi nay giam phan cuc ndng do6 trong qué trinh loc, 1am

tang san luong qua trinh. Mang loc nano giit lai cic hop chat thap trong lwong phén tir hiru



co, cac ion hoéa tri hai, cac ion don tri 16n, mau nhud¢m phan ung thuy phan, va chét trg
nhuom. Tac hai cua néng dd cao cuia mau nhudém va mudi trong nudc thai nha may nhudém
da thuong xuyén duge bao cdo. Trong cic nghién ciru dugc xudt ban nhét lién quan dén
nuéc thai nha may nhudom, ndng d6 cua cac mudi khoang khong vuot qua 20g/1, va ndng do
cua mau nhudm khong qua 1,5g/l. Noi chung, nudc thai duogc tai tao chi véi mot mau
nhudm, va khéi luong nghién ciru ciing thip. Viée xtr Iy nude thai nhudém biang mang loc
nano dai dién cho mét trong nhitng tng dung hiém hoi c6 thé dé xur 1y cac giai phap voi cac

giai phap cao nong do va phirc tap [15].
1.2.4. Phuwong phap oxi héa nang cao

Mot trong cac hudng tiép cén trong xir Iy nude thai dang duoc thu hit sy quan tim
cua cac nha khoa hoc 1a cac phuong phap oxi héa nang cao (AOPs). Cac phuong phap xt
1y nay dwa vao sy phét sinh tirc thoi dang oxi hoa gdc tu do (*OH) véi thé oxi hoa cao. Goc
tu do nay dong vai tro 1a mdt tac nhan oxi hoa khong chon loc co6 thé oxi hoa hoan toan bat
ky chat hiru co nao. Tong cac qua trinh nay, su khoang héa hoan toan thu dugc ¢ diéu kién

nhiét d6 va ap suét binh thuong.

Céc yéu td dugc can nhic khi lya chon phuong 4n xt 1y thich hop cho nuéc thai dét
nhudm 1a: hi¢u qua xu 1y, hi¢u qua kinh té, tinh chit va luu lvong nudc thai, thanh phén va
ndng do cac chat 6 nhiém co trong nude thai. Ba phuong phap thuong duge tmg dung riéng
1& hodc két hop dé xur 1y nudc thai dét nhudém 1a: phuwong phap hoa 1y, phuong phap oxi hoa
béac cao va phuong phap sinh hoc. Mdi phuong phap déu c¢6 vu va nhuge diém riéng, déu
c6 thé 4p dung trong thuc tién. Tuy nhién dé lam phong phu thém phuong phap xur Iy dong
thoi nang cao hiéu qua xtr 1y nude thai dét nhuém thi két hop phuong phap chiéu xa chim

tia dién tir v6i tdc nhan oxi hoa H,O, nén dugc nghién ctru va phat trién.

Bang 1.5. Cac qua trinh oxi hoa nang cao duwa vao gdc hydroxil OH' [19]

STT | Tac nhan phan Phan ung dac trung Tén qua
irng trinh
1 |H0,vaFe” H,0, + Fe’" — Fe’ + OH + OH Fenton

3+ \ h
2 H,O, /Fe Va | g+ H,0 it «OH + Fe* + H Quang




nang lugng photon (A>300 nm) Fenton
uv H,0, + Fe’* — Fe’" + OH + +OH
3 H,0,/ Fe’™ (phuc) Fe¥(phtrc) hy Fe* + gbe (phitc) Quang
va nang lugng hy Fenton bién
H,0, + Fe*” — OH + «OH + Fe*"| |
photon UV the
(phtrc)
(A =300 - 500 nm)
4 H,O vo61 anot Fe Fenton dién
va ning luong 12 0, + HyO nang luong dién héa 5 «OH hoa
dién hoa
5 H202 va 03 H202 + 203 — 2:OH + 302 Peroxon
6 O, va chat x(ic tac 30, + H,0 chét xuc tac 2:0H + 40, Catazon
(chat xuc tac ddng thé va di thé)
7 H,O va ning H,0 nang luong siéu 4m OH + *H Qua trinh
lugng si€éu am (20 — 40 kHz) siéu am
8 H,O va ning H,0 ning luong di¢n hoa OH + *H Oxi hoda dién
lugng dién hoa hoa
9 |H0 va ning |y o mneleme o Qué trinh buc
lugng cao (tia (1-10 MeV) xa nang
gama, tia X, chum lugng cao (tia
tia dién tir) y, tia X,
chum
electron)
10 |H,O, va nang 0, + H,0 ﬂ) 5 «OH UV/oxi hoa
luong photon UV (L= 220 nm)
11 | O; va nang luong 0, + H,0 hy 2 «OH + O, UV/oxi hoa
photn UV (h=253,7 nm)
12 H,0,/0; va nang UV/ox1 hoa

h.
H202 + 03 + HzO —Y> 4 «OH + 02




luong photon UV

13 | H,0,/0; va nang H,0 nang luong VUV T + «OL VUV/oxi hda

lugng photon UV (A < 190 nm)
chan khong

(VUV)

14 |TiO, va nang TiO, by e nt Quang  xuc
luong photon UV (> 387.5 nm) tac ban dan
h"H,0 » -OH+H"
h"+OH - -OH+H"

1.2.5. Phwong phap chiéu xa
1.2.5.1. Co so khoa hoc

Phuong phap chiéu xa khir mau nude thai dét nhuém 1a mot qué trinh oxi héa nang
cao (AOPs). Xtr Iy nude thai bang cac qua trinh oxi hoa nang cao 13 dwa vao hoat dong cua
céc gbe tu do sinh ra trong qué trinh phan Gmg dé loai bo cac chit 6 nhiém. Trong d6 gbc
hydroxil ("OH) 1a gbc tu do c6 thé oxi hoa cao nhét dugc biét tir trudce toi nay, nd thudng
duogc st dung trong cac qua trinh oxi hoa nang cao. Phuong phéap chiéu xa ding ning lugng
ctia tia birc xa (st dung chum tia dién tir) dé lam thay doi tinh chit méi trudng nudc thai,
sinh ra cac géc *OH. Cac giai doan phan ung xay ra khi méi trudng nudc bi ion hoa boi
ngudn ning luong bic xa [2-7].

Thuyét phan ly birc xa nuwée: Weiss (1944) da dua ra thuyét gbe tir do vé sy phén ly
btic xa ciia nude. Trén co s& két qua nghién ctru xac dinh cic san pham trung gian va cac
san pham bén trong qué trinh phan ly blc xa ciia nudc va nhiéu coéng trinh nghién ciru

khac, Tabata (1991) dd mo ta tom tat qua trinh phén ly blrc xa ctia nudc nhu sau:
— Giai doan 1: Kich hoat va ion hoa (kéo dai khoang 107" gidy)
H,0—H,0" (1.1)
H,0 -»H,0" +¢ (1.2)

— Giai doan 2: Phan tmg ion phan tir (kéo dai khoang 10" gidy):



H,0" + H,0 — H;0" + "OH (1.3)
— Giai doan 3: Phan tir kich hoat phan ly (kéo dai khoang 107" gidy)

H,O0®* — H' + "OH (1.4)

H,0* — H, +O° (1.5)

— Giai doan 4: Solvat hoa (kéo dai khoang 10" gidy)

H,O
g (1.6)
H,O0
H3()Jr _2) H+aq (17)

— Giai doan 5: Cac phan tng tai két hop (kéo dai tir 107" dén 107 gidy)

H'+H'—H, (1.8)
.OH + .OH—)HQOZ (1 9)
H* + "OH —H,0 (1.10)

— Giai doan 6: Phan tng giita cac san pham phan li birc xa va cac chét tan trong méi
truong nude (kéo dai khoang 107" gidy)
C6 thé viét tom tit nhu sau:

blrc xa

H,0 —— H,, H,0,, H', "OH, e,y H;0" (1.11)

Cdc san phdm cia qud trinh phén ly birc xa nwée va tinh chat cia ching: Cac san
pham ctia qua trinh phan li birc xa nudc déu rat hoat dong (trir H,) trong khi cac goc tu do
*H va *OH c6 mét dién tr khong bét cip va c6 hoat tinh héa hoc rit cao, dic biét 1a gbc tur
do hydroxil ("OH). Cac gbc "OH nay sé& tic dong tdi cac chat 6 nhiém, oxi hoa cac hop chét
hitu co, phan hity cic chat mau. Nhu viy, bén canh viée xir Iy do mau, phuong phap nay
cling c6 thé loai b6 COD va lam thay d6i pH cua moéi trudng nudce [2-7].

1.2.5.2. Géc hydroxyl

Qua4 trinh oxi hoa nang cao 1a nhitng qué trinh phan huy oxi héa dya vao gbc tu do

hoat dong hydroxil *OH dugc tao ra ngay trong qua trinh xtr 1y.



Bang 1.6. Thé oxi hoa khtr ctia cac tac nhan oxi hoa [15]

Tac nhan oxi hoa Thé oxi héa khir (V)
Géc hydroxil 2,8
Ozon 2,07
Hydro peroxit 1,78
Permanganate 1,68
Hydrobromic acid 1,59
Clo dioxide 1,57
Hypocloric acid 1,49
Hypoiodic acid 1,45
Clo 1,36
Brom 1,09
Iod 0,54

Gdc hydoxil 1a tic nhan oxi hoa manh nhét trong nhiing tac nhan oxi héa da biét tir
trudc to1 nay, cé kha nang oxi héa khong chon loc moi hop chét hitu co, du 1a loai kho phan
huy nhét, bién ching thanh nhimg hop chit v co (con goi 1a khoang héa) khong doc hai
nhu CO,, H,0, acid v0 co... tir nhitng tdc nhan oxi hoa thong thuong Hydro peoxit, ozone
c6 thé nang cao kha ning oxi héa ciia ching bing cac phan tng héa hoc khac nhau dé tao

ra gdc hydroxil.

Oxi hoa 13 qua trinh trong d6 electron dugc chuyén tir chit nay sang chat khac. Piéu
nay tao ra mot hiéu dién thé duogc tinh bang volt dwa trén hiéu dién thé dién cuc cua hydro
béng 0. Mdi tic nhan oxi hoa déu c6 mot thé oxi héa khac nhau va dai lugng dung dé so

sanh kha ning oxi hoa cta chiing manh hay yéu.



1.2.5.3. Tac nhdn hydro peroxit (H,O,)

Hydro peroxit (H,0,), 1a mot chit 10ng trong sudt, nhét hon mot chit so voi nuéde, co
tinh oxi_héa manh. Hydro peroxit c6 thé phan huy ty nhién thanh nudc va oxi. Thong
thuong né déng vai tro nhu 1a mot chat oxi héa, nhung c¢6 nhiéu phan ng trong d6 né dong
vai tro nhu 1a chat khtr, giai phong ra oxi nhu 1a phu pham. Hydro peroxit ciing nhanh

chong tao ra cac peroxit vo co va hitu co.

Viéc thém vao méi trudng nudce tic nhan oxi héa H,0, ciing v6i muc dich thic day
qua trinh sinh ra cac goc hydroxil ty do thong qua cac phan Gng voi cac san pham cta qua
trinh ion hoéa moéi truong nude (1.13), (1.14). Phan tng (1.12), (1.13) va (1.14) mo ta su
hinh thanh gdc hydroxil tu do. Nhu vay, s6 lugng cac gbe “OH tu do sé& ting trong sudt qua

trinh chiéu xa ion hoa moi truong khi ¢6 sy hién dién cua tac nhan H,0, [6].
Buc xa + H,0, — 2 *OH (1.12)

O phuong trinh (2.12) cho thiy phan tir H,O, bi phan ly thanh hai gbc Hydroxil tu do

boi tac dong cuia ngudn nang luong birc xa.
¢ +H,0, — *OH + OH" (1.13)

H' + H,0, — *OH + H,0 (1.14)

Ba san pham sinh ra tir qué trinh chiéu xa nuéc thai 1a gbc “OH (hydroxil radical),
Hydrated electron (e,, ) va hydro nguyén tir (H"). Trong d6 gbc *OH tu do v&i thé oxi hoa
14 2,8V, cao nhit trong s cac tic nhan oxi hoa thuong gip, duoc xem 1a tac nhan chinh gay
phan hily mau thong qua cac twong tac voi cac hop chat c6 lién két doi. Liéu luong chiéu xa
thich hop cho qué trinh phan huy hoan toan cac chat mau phy thudc vao ciu trac phén ti,
kha ning phan (mg véi cic san phan phan hily so cap tir qué trinh chiéu xa, cac tac nhan oxi

hoa, nhiét do, pH va ndng do chat mau [6].



1.3 Tong quan tinh hinh nghién ctru trong va ngoai nuéc
1.3.1 Nghién curu ngoai nudc

Gan day trén thé gidi co mot xu hudng méi trong xir Iy nudc thai nhudom 1a st dung
cong nghé birc xa (gamma Co-60 hodc dong dién tir gia toc) mot dang oxi hoa khir bac cao.
Trong mdi trudng nude thai birc xa sinh ra cac gdc oxi héa (OH', H,0,, HO,'...) ciing nhu
khir (¢7,q and H’), cac gbc nay khong nhirng c6 kha ning khoang hoa cac chat 6 nhiém,
khong tao ra chat thai thir cap (bun thai) ma con cho muc dich tai sir dung ngudn nude [15].
Mot s6 nghién ctru Gmg dung chiéu xa trong xir Iy nuée thai nhudém trén thé gii duoc liét
ké theo bang 1.7.

H,0 \W=> [0,28]:OH + [0.27]%,, + [0,06]H- + [0,07]H,0, + [0,27]H;0" + [0,05]H,
Bang 1.7. Mot s6 nghién ciru tng dung may gia tbc chum tia dién tir va ngudn gamma

Co-60 trong xtr Iy nudc thai nhuoém

Miu nhudm Picéu kién van hanh thich hop | Két qua dat dwge [TLTK
Chiéu trén may EB suat liéu
Direct Black 22 630 kGy/pht, lidu chiéu xa 9 | Loai dén 61,7% mau | [20]
kGy, v6i ndong d6 mau 100 mg/1
Reactive Red 4 Chiéu trén may EB suat liéu Loai dén 79% mau
Reactive Blue 2 630 kGy/pht, liéu chiéu xa9 | Loai dén 98% mau | [21]
Reactive Yellow 4 | kGy, voi nong d6 mau 100 mg/l | Loai dén 100% mau
Alizarin Yellow . y C
P Liéu chiéu xa 9 kGy, suat liéu
113 Gy/phut véi nong @6 mau | Loai dén 65% mau | [22]
(Mordant Yellow
100 mg/1.
1)
. Liéu chiéu xa 10 kGy, suat liéu y
Nudc thai nha may _ . Loai dén 78% mau | [23]
13 kGy/gi0, pH dau vao 8,3.
Acid Red 265 Liéu chiéu xa 55 kGy, suét liéu | Hiéu suét giam TOC
Acid Red 37 11 kGy/gio, trong diéu kién bdo | 80-96 %, COD 73- | [24]
Reactive Red 8 | hoa khi oxi v&i nong d6 mau 60 88%.




Reactive Red 3 mg/l.
Direct Red 79
Direct Blue 78
Liéu chiéu xa 8, 0,5 va 2 kGy ; o
Janus Green B Hiéu suat loai dén
_ cho Green B, Black 5 va Red
Reactive Black 5 N 90% mauchoca3 | [25]
trong di€u ki¢n bao hoa khong '
Apollofix Red o loai mau nhudm.
khi v6i nong d mau 50 mg/1.
Liéu chiéu xa 15 kGy trong Loai dugc 80%
o diéu kién bao hoa 05, c6bd | COD, mau nhuém
Reactive violet 1 o . [26]
sung H,O, v&i nong do mau 50 | khoang bi khoang
mg/l. héa hoan toan.

Céc tac gia dd cho thiy duoc tac dong cua lidu chiéu xa, ndng d6 mau nhudém ciing nhu
cac yéu t két hop nhu loai khi, diéu kién suc khi, néng do H,0, trén nhiéu loai mau nhudém
tir acid, cAm mau, tryc tiép hay hoat tinh déu c6 thé duoc loai trir bang phuong phap chiéu
xa. Cho thiy cac yéu to anh hudng trong qua trinh xir Iy dong thdi cho thay wu thé cua
phuong phap chiéu xa so voi cac phuong phap khac. Tuy nhién chi phi xir Iy chua duoc dé
cap. Hon nita, cac tac gia cling chua 1am 15 dong hoc, co ché xur Iy ma chi don thuan
nghién ctru hi€u qua loai tror thong qua suy gidm d¢ mau, COD hay TOC. Ngoai ra, tuong

tac dong thoi giita cac yéu td ciing chua duoc nghién ctu.
1.3.2 Nghién ciru trong nuéc

Nudc thai nhudm hoat tinh da va dang 1a van nan cho moi truong sinh thai tai cac nudc
c6 nganh dét may phat trién nhu Viét Nam. D6 mau va 6 nhiém hitu co kho phéan huy tir
nuée thai ndy gy mat my quan ciing nhu gy doc cho hé sinh thai néu khong loai trir triét
dé. R4t nhiéu cong nghé tai Viét Nam duogc su dung dé loai trr 6 nhiém tir loai nuéc thai
nay nhu: keo ty, sinh hoc, di¢n héa, Fenton, Ozone... budc dau cling cho mot vai két qua
dang khich 1¢. Tuy vay, cac cong ngh¢ trén lai chua thanh cong khi 4p dung thuc té do chi
phi xtr Iy tinh trén luu luong qué 16n khoang 2-3 USD/m’ nudc thai. Do vay viéc tim ra cac
phuong phap méi c6 hiéu qua xtr 1y chat mau cao, khong phat sinh cac chit thai thir cip va

than thién voi moi truong dang duge quan tim nghién ctru. Ap dung cong nghé buc xa dé



xtr Iy chat mau trong nude thai nha may dét nhuém duge danh gia 13 phuong phap hiéu qua
dic biét trén may gia téc chum tia dién tir c6 ning luong thip va cong suit cao do c6 thé xur
Iy mot khéi lugng nudc thai 16n trong khoang thoi gian ngén nén sé tiét kiém duoc thoi
gian cling giam gia thanh xur 1y. Sir dung cong nghé birc xa dé xir Iy nudc thai da dugc ap
dung & mot $6 quéc gia nhu Nhat Ban, Han Quéc, Trung Quéc,.. Tuy nhién, & Viét Nam ap
dung cong nghé buc xa cu thé phuwong phap chiéu xa chum tia dién tir dé xir Iy mau trong
nuéc thai nha mdy dét chwa c6 nghién ciru nao dugc thuc hién. Cho dén nay chi chi c6 cong
trinh ctia nhom tac gia Bui Manh Ha, Nguyén Ngoc Duy, Nguyén Qudc Hién va cong sy
[27] nghién ctru xir Iy chat mau trén nude thai nha may dét nhudém bang phuong phép chiéu
xa gamma Co-60 ding tai trén Tap chi Phat Trién Khoa Hoc Cong Nghé, bude dau loai
mau 100 mg/l dung dich mau nhu¢m hoat tinh Suncion Red P-2B véi hi¢u suit >90% tai 4
kGy Dé tiép tuc phat trién hudng nghién ctru ndy nhom nghién ctu thuc hién dé tai:
“Nghién ciru xir Iy chdt mau trong miede thdi nha mdy dét nhuém bang phwong phdp chiéu

xa chum tia dién tir”.

PHAN II: VAT LIEU VA CAC PHUONG PHAP NGHIEN CUU



2.1. Nguyén vit liéu, héa chét
Nudc thai dét nhuom duoc léy truc tiép tr bé nude sau nhudm cua Cong ty Co phﬁn

Pau tu Thuong mai Thanh Cong, 22/30 Yén Thé, Phuong 2, Quan Tan Binh, Thanh phd
Hb Chi Minh.
M3au nudce thai thuc té 13 hdn hop cua céac loai mau nhud¢m dugc pha véi cac ti 1€ khéc
nhau bao gdm:
+ Mau nuée thai 1: chira hon hgp mau Reactive Black 5, Reactive Red 10 va
Reactive Orange 13;
+ MAu nuée thai 2: chira hdn hop mau Reactive Red 10 va Yellow GR;
+ MAu nwéce thai 3: chira hon hop mau Yellow GR, Reactive Black 5, Turquoise Blue
HF-G 133%.
H,0,30%: ¢6 ngudn gde tir Merck (Puc). Cac hoa chit sir dung khac 1a dang phén tich
cua Aldrich, Sigma.
2.2. Thiét bi, dung cu.
May gia tdc chum tia dién tt UERL — 10 — 15S2, nang lugng electron 10MeV, cong
sudt 15 Kw, tai Trung tdm Nghién ctru va Trién khai Cong nghé Buc xa (VINAGAMMA),

] e

UELR-10-1552
- Electron beam Energy: 10 MeV
- Electron beam power: 15 KW

- Two beam scanner (upper and lower)
- Scanning width: 50 cm, 45 cm, 40 cm
- Power consumption: 150 kVA

Hinh 2.1. May gia tc chum tia dién tort UERL — 10 — 15S2
May do quang phé UV-Vis, UV—-2401PC, Shimadzu, Nhat Ban tai Trung tam Nghién
ctru va Trién khai Cong nghé Birc xa, Thanh phd HO Chi Minh.



May do pH: Schott Instruments (SI ANALYTICS) — Ptic va nhitng thiét bi dung cu
khac nhu: hop nhwa 1 lit, binh tam giac, pipet 1 — 5 ml, buret ty dong, dng phan tich COD,
binh dinh murc 25, 50, 100 ml.

2.3. Phwong phap thwe nghiém
— Phuong phap 14y mau, lvu mau: Theo TCVN 6663—1:2011 (ISO 5667—1:2006) [28, 29].
— Phuong phap do dd mau Pt—Co: Theo TCVN 6185:2008 (ISO 7887:1994). Phuong phap
xéc dinh theo tiéu chuan SMEWW 2120B-2012 [30].

Do loai mau (%) = [(A, — Aj) X 100]/A, (2.2)
Trong d6: A, va A, lan luot 1a d6 mau cta nudc thai trude va sau chiéu xa (Phuong phap do
d6 mau Pt—Co: Theo tiéu chuan SMEWW 2120B-2012).
— Phuong phap do pH: Theo TCVN 6492:2011 (ISO 10523:2008) [31].

pH cta nudc thai dét nhuoém trude va sau khi chiéu xa duoc khéao sat theo tiéu chuan
TCVN 6492:2011.

Do giam pH (%) = [(pH, — pH;) * 100]/pH, 2.1)
Trong d6: pH, va pH; lan luot 1 pH ciia nudc thai trude va sau cac lan chiéu xa.
— Phuong phap xéc dinh gia tr1 COD: Theo TCVN 6491:1999 (ISO 6060:1989) [32].

Nhu ciu oxy hoa hoc (COD) duge thuc hién bang phwong phap dicromat theo tiéu
chudn SMEWW5220C:2012, nudc thai duge cho vao dung dich c6 tinh oxy hdéa manh
potasium dicromat (K,Cr,05) trong moi truong acid manh (H,SO,4) c6 xuc tac bac sulfat.
Mau dugc hoi luu & 150 °C trong 2—3 giod. Nhu cau oxy héa hoc 13 mot trong nhing thong
s6 dugc str dung phd bién nhat dé chi dic tinh ciia nude thai. COD 13 ham lugng oxy tinh tir
luong K,Cr,05 can thiét dé oxy hoa cac hop chat hiru co chira trong mot thé tich nude thai
da biét.

Do giam COD (%) = [(C, — C;) x 100]/C, (2.3)

Trong do: C, va C; la gia tri COD cua nudc thai trude va sau chi€u xa.

- Phuong phap xac dinh gia tri nhu cau oxi sinh héa BOD theo TCVN 6001-2:2008 (ISO
5815-2:2003). Phuong phéap xac dinh: SMEWW-5210.B:2012 [33]
Nhu cau oxy sinh héa (BOD) vé chirc ning 1a twong tu nhu nhu cau oxy héa hoc

(COD) & chd ca hai déu do luong cac chit hitu co c6 trong nude. Tuy nhién, COD 14 it cu



thé hon do n6 do moi thtr ma vé mit hoa hoc c6 thé bj oxy héa hon 1a chi do mtc cua cac
chét hitu co hoat héa vé& mat sinh hoc. BOD duoc st dung nhu Ia tiéu chuan danh gia tinh
hi€u qud ctia caic nha may hay phuong phap xir Iy nudc thai va dugc xac dinh theo ti€u
chuan SMEWW5210B:2012

bo giam BOD (%) = [(B, — B;)x 100]/B, (2.4)
Trong do: B, va B; la gia tri BOD cua nudc thai trude va sau khi chiéu xa.
Xéc dinh gia tri trung binh diy s6 liéu theo cong thirc 2.5:
D ox

n (2.5)

X =

Trong do: Xla gia tri COD thu duoc sau cac phép do
n 1a sb céc sb liéu trong day $6 lidu, & dayn=3

Tim do 1éch d ctiia mdi sd liéu theo cong thirc 3.6:

d=x-Xx (2.6)

Tim d6 1éch tiéu chuén S theo cong thuc 2.7

S = /(Zdl) 2.7)
" —

Tim khodng tin c@y cua gid tri trung binh theo cong thirc 2.8
Sxt,,

Jn

Trong do: ¢,,1a hé s6 Student duogc tra dya vao gia tri o (hé s6 tin cay da dinh trudc,

¥+ (2.8)

trong hoa hoc phan tich st dung o = 0,95) va gié tri n (s6 sb liéu trong day).

Mau nudc thai wgc phn tich &c chi s6 pH, COD (mg/l), BOD (mg/l), 6 mu (Pt — Co)
trude ¥ sau chiéu xa tai Vién Moi Truong ¢ Ti Nguyn co s 2,

Phuong Pong Hia, Thi X Di An, tinh Binh Duong. S6 liéu dng phan mém Microsoft

Excel 2016 ¢é théng k ¥ xur 1i €c két qua thu woc khi tién Anh & thi nghiém.

2.4. Bo tri thi nghiém



Nuée thai dét " Phén tich
nhuom s :
0 . e * Do mau (Pt-Co);
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Hinh 2.2. So d6 tién hanh thi nghiém

Nudc thai sau khi duoc léy truc tiép tir bé sau nhudm cua nha may dét nhudm sé duoc
cho vao hop nhya kich thude 29 x 18 x 9 cm c6 nip day sao cho bé day cta dung dich 1a
2,5 cm sau d6 tién hanh chiéu xa nhu trong hinh 2.2 dé nghién ctru sy anh huéng ciia lidu
xa ciing nhu sy két hop giita xtr Iy chiéu xa voi H,0, dén cac thong s6 dac trung ciia nude
thai. Cac thi nghiém dugc miéu ta chi tiét & cac muc dudi day.
2.4.1. Nghién ctru anh huéng ciia litu xa dén pH, COD, BODs va @) mau ciia cac miu
nudc thai

Cac mau nudc thai dét nhudém duoc cho vao cac hop nhua co nép day, mdi hop chira 1
lit mAu véi chiéu day dung dich ciia mau nude thai 1a 2,5 cm. Cac mau sau d6 duge chiéu
xa trén may gia téc chum tia dién tir UERL — 10 — 15S2 trong khoang liéu tir 0 - 20 kGy &
nhiét @6 phong. Cac mau trude va sau chiéu xa duoc xac dinh do mau, pH, ham lugng
COD, BOD tai tai Viégn Mo1 Truong va Tai Nguyén co so 2.
2.4.2. Nghién ctru 4nh hwéng ciia nong d§ H,0, tai liéu xa 5 kGy dén pH, COD, BODs
va d§ mau ciia cic miu nwéc thai

Cac mau nudc thai dét nhudém duoc cho vao cac hop nhua co nép day, mdi hop chira 1
lit mau véi chiéu day dung dich cua mau nudc thai 1a 2,5 ecm. H,0, duoc cho vao cac mau
nudc thai & cac néng d6 1an luot 14 0, 5, 10, 15 va 20 mM. Cac mau sau d6 duoc chiéu xa

trén may gia toc chum tia dién tir UERL — 10 — 15S2 tai liéu 5 kGy ¢ nhiét d6 phong. Céc



mau trude va sau chiéu xa duoc xac dinh d6 mau, pH, ham lugng COD, BOD tai tai Vién
Mo6i Truong va Tai Nguyén co so 2.
2.4.3. Nghién ctru anh hwéng ciia lidu xa tai nong d6 H,0, 10 mM dén pH, COD,
BOD; va d0 mau ciia cac mAu nwéc thai

Cac mau nudc thai dét nhudém duogc cho vao cac hop nhua co nép day, mdi hop chira 1
1it mAu véi chiéu day dung dich cua mau nude thai 1a 2,5 ecm. H,0, duoc cho vao cac mau
nudc thai o néng d6 10 mM. Cac mau sau d6 duge chiéu xa trén may gia tdc chum tia dién
tir UERL — 10 — 15S2 trong khoang liéu tir 0 - 12 kGy ¢ nhiét do phong. Cac mau trudc va
sau chiéu xa duogc xac dinh d6 mau, pH, ham lugng COD, BOD tai tai Vién M6i Truong va

Tai Nguyén co s¢ 2.



PHAN III. KET QUA VA BIEN LUAN

3.1. Anh huéng ciia liéu xa dén pH, COD, BODs va @) mau ciia cic miu nwéc thai

Ap dung phuong phéap chiéu xa xir Iy nuéc thai dét nhudém trén may gia toc chim tia

dién tir v6i nhimg vu diém noi bat so véi cac phuong phap khac nhu: 1) Qua trinh tién hanh

trong diéu kién nhiét 46 va ap suat thuong nén xtr Iy d& dang. 2) Tac nhan oxi hoa ty sinh

trong qua trinh chiéu xa phan tan déu trong toan hé phan tmg nén qua trinh xtr Iy mau dong

déu va hiéu qua. 3) Phuong phap xur 1y gian tién, c6 kha nang xur 1y khéi lwong 16n, ¢6 hiéu

qua kinh té va than thién méi trudng. Trong nghién ctru ndy, nude thai dugc lay truc tiép tir

bé sau nhuoém chua qua x1t 1y tir cac nha may. Sau do, cac mau dugc chiu xa tai cac li€u xa

khac nhau dé nghién ctru sy anh huong cua licu xa dén céc thong s6 dac trung ctia nudc

thai, két qua anh huodng cua lidu xa dén cac thong sb dic trung ctia nude thai nhu pH,

COD, BODs va ¢6 mau dugc thé hién trong bang 3.1.

Bang 3.1. Anh hudng cua lidu xa dén pH, COD, BODs va d6 mau cua cic mau nudc thai

Tiéu chuan cjt B

theo QCVN 13— | Liéu xa
MT:2015/BTNM | (kGy) 0 > 10 15 20
T
Maiu 1 [8,93+0,30|7,56+0,20 | 7,26+0,15 | 8,10+0,20 |7,34+0,15
pH 55-9 | Miu2 |9,46+0,25|8,75+0,30 | 8,46+0,25 | 8,30+0,15 | 8,1+0,20
MAiu 3 |9,38+0,20 [ 9,26+0,30 |9,19+0,15 | 8,98+0,25 |8,90+0,30
Mau1l | 100£2,0 | 77+1,0 | 46+2,0 | 41£1,5 25+1,0
(6{0)) 5
200 | MAu2 | 150+2,0 | 8415 | 61+0,5 | 49+1,5 35+0,5
(mg/1)
Mau3 | 260+2,0 | 174+2,0 | 136+1,5 | 101£1,5 | 82+1,3
MAu 1 67+1,5 | 40+1,0 | 35+1,5 | 27+1,0 23£1.,5
BOD; ~
50 MAu 2 7741,5 | 46+1,0 | 40+0,5 | 35+0,5 26+1,0
(mg/l)
Méu 3 90+1,5 | 68+1,0 | 57+1,5 | 45+1,0 38+0,5
Miul | 267+2,5 | 67+1,0 | 32+0,5 | 18<1,0 2140,5
D0 mau x
200 | Mau2 | 330+2,0 | 61x1,5 | 16+1,0 | 10+1,0 8+0,5
(Pt—Co)
MAu3 | 451+2,5 | 288+2,0 | 215+1,5 | 138+2,0 | 98+l,5

Két qua bang 3.1 cho théy cac thong sb pH, COD, BODs va d6 mau cua nudc thai déu




giam khi ting liéu xa. Cac thong s6 dic trung cta nudc thai thay doi ¢ cac lidu xa khac

nhau dugc phan tich cu thé nhu sau:

3.1.1. Anh hwéng cia li€u xa dén do mau cia cac mau nwéce thai

500
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Hinh 3.1. Anh hudng cua liéu xa dén d0 mau cia cac mau nudc thai

Két qua tir hinh 3.1 cho thdy d6 mau ciia cic mau nudc thai giam dan khi ting liéu xa.
D6 mau ban dau ctia mau nude thai 1 13 267 (Pt—Co), giam dan xudng 67, 32, 18 va 21 (Pt-
Co) khi lidu xa tang tir 5 dén 20 kGy, Hiéu suat xir Iy mau dat 75% & lidu xa 5 kGy va ting
lén dén 92% o liéu xa 20 kGy, trong khoang cho phép theo c6t B, QCVN 13—
MT/2015/BTNMT. Két qua thyc nghiém ciing cho thdy, hiéu suit xtr 1y mau cua cac miu
nude thai 1a khong giong nhau, cu thé mau 2 ¢ hiéu suat xir Iy mau ting tir 81% 1én 98%
va mau 3 tang tir 36% 1én 87% ¢ liéu xa 5 va 20 kGy. Su khac biét vé hiéu sut st Iy mau ¢
cung liéu xa 1a do tinh chét khac nhau cia cdc miu nudc thai bdi cac chat mau khac nhau
duoc st dung dé pha ché mau nhuoém. Do do, tuy theo loai nudc thai xtr Iy ma xac dinh lidu
chiéu xa phu hop dbi voi tung loai nudc thai dét nhuom dé tiét kiém vé chi phi va nang

luong.
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Hinh 3.2. Pho UV-vis ctia mau nudc thai 1 ¢ cac liéu xa khac nhau
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Hinh 3.3. Phé UV—vis ctia nudc thai mau nudc thai 2 ¢ cac liéu xa khac nhau
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Hinh 3.4. Pho UV-vis ctia nudc thai mau nudce thai 3 ¢ cac liéu xa khac nhau

MAu nwéc thai 1

MaAu nwére thai 3

Hinh 3.5. Anh hudng cuia liéu xa dén d§ mau ctia cdc mau nudc thai

Su phan hity mau co ban 1a phan tmg cta gdc hydroxy "OH vdi cac phan tir thude
nhudm, gc hydroxyl tin cong lién két doi cuia phan tr mau nhuém va pha v& né. Do do,
cac phan tir mau nhudm tao ra cac phan tir nho khéng mau, dan dén sy phan huy mau cua
nude thai. Khi ting dan lidu xa 1a ting cic san pham ciia qua trinh ion héa buic xa nudc,
sinh ra cang nhiéu gbc “OH, H", € 4q..- Cac san pham nay cang nhiéu cang thic day qua
trinh oxy hoa, phan hity chat mau xay ra nhanh hon va hiéu qua hon. Do viy, ting liéu xa
1am ting hiéu qua phan huy chat mau. Két qua nay mot lan nira dugc minh chimg mot cach
16 rang qua phd UV-Vis ctia cic mau nude thai trudc va sau khi chiéu xa trong hinh 3.2,

3.3va34.



Nguyén nhan sinh ra quang pho6 hap thu phan tir 13 do su kich thich cta tia sang
thich hop, cac dién tir trong lién két hoa hoc p, p lién hop va doi dién tir ty do n trong céc di
t ctia phan tir hop chat mau quyét dinh (C=C, C=C—C=C, C=0, N=N, C=N,..). Do viy, khi
chua chiéu xa, nude thai mang mau cho gié tri bude séng trong ving kha kién véi cuong do
nhét dinh. M&i méau nhudém duge dic trung boi mot budc song Ay.x do cac lién két mang
mau azo ¢6 chira trong phan tir mau nhudém. Cu thé v6i miu nudc thai 1 co bude song dic
trung Apax ~ 520 nm, mau nuée thai 2 va 3 ¢ Apa, ~ 600 nm. Két qua hinh 3.2,3.3va 3.4
cho thay khi chiéu xa d¢ hap thu ctia mau nudc thai tai budc song dic trung giam khi ting
lidu xa. Piéu d6 ching to qué trinh chiéu xa di lam dut cac lién két d6i ciia phan tor mau
nhudém. Cu thé mau nuéc thai 1 va 2 d6 hap thu giam manh & liéu 5 kGy va hau nhu khong
thay d6i khi ting liéu xa 1én 10, 15 va 20 kGy. Mau nudc thai 3 do hap thu giam dan khi
tang lidu xa tir 5 dén 20 kGy. Két qua nay ciing pht hop véi sy thay d6i mau sic ciia miu
nuéc thai trude va sau khi chiéu xa trong hinh 3.5. Mau ctia mau nudc thai 1 ban dau co
mau xanh tim, khi chiéu xa 5 kGy mau chuyén sang cam va nhat dan khi liéu xa ting dén
20 kGy. Mau ctia mau nudc thai 2 ban dau c6 mau do, sau d6 nhat dan & liéu xa 5 kGy va
méat mau hoan toan & lidu xa 10 kGy. V6i mau nudc thai 3 mau xanh den ban dau nhat dan

khi tdng lidu xa va xanh nhat nhét & liéu 20 kGy.

Xu huéng giam do mau khi ting lidu xa ciing duoc ghi nhan trong cong trinh cua
Vahdat va cong su khi nghién ctru xtr Iy chit mau Direct Black 22 bang phuong phap chiéu
xa chum tia dién tr [20]. Chat mau Direct Black 22 ¢6 néng d6 50 ppm bi phan hily hoan
toan ¢ liéu xa 6 kGy, hi¢u quad khtr mau dat 100%. Gia tri mat do quang OD tai dinh dac
trung (budc song 480 nm) giam manh khi ting lidu xa tir 0,0 dén 9,0 kGy ddi v6i nhiing
mAu c6 ndng do thap va giam cham hon d6i v6i nhimg mau c6 ndng do cao. O lidu xa 9,0
kGy, hiéu qua khir mau cta cac néng do 50, 100, 150 va 200 ppm lan luot 1a 100%, 61,7%,
59,6%, 52,9% [ 20].

3.1.2. Anh hwéng ciia liu xa dén ham hrong COD ciia cic miu nwéc thai



300 -

e 250 ——Mau nudc thai 1
L > —8-Mju nudc thai 2
E 200 - —&—Mau nudc thai 3
@)
®) 150
£
5 100
g
T 50 -

0 T T T 1

0 5 10 15 20

Liéu xa (kGy)
Hinh 3.6. Anh huong cua liéu xa dén ham luong COD ctia cac mau nudce thai

Gié tri COD chi ra ham lugng oxy can dé oxy hoa hoan toan hgp chit hitu co trong
nuéc thai. Vi vay, COD c6 thé tuong Gmg véi ham luong cua tat ca hop chét hitu co trong
nuée thai va mic do giam COD phuy thudc vao sy khoang hoa hoan toan ciia hop chit hiru
co. Két qua hinh 3.6 cho thdy COD cuia ca 3 mau nudc thai déu giam khi ting liéu xa. COD
cia miu nudce thai 1 trudce khi chiéu xa 1a 100 mg/l sau d6 giam dan xudng 77, 46, 41 va 25
(mg/l) twong Umg v4i phan trim suy giam 13 23%, 54%, 59% va 75% khi tang liéu xa tir 5,
10, 15 va 20 kGy. Phan trim suy giam COD mau 2 ciing ting tir 44% 1én 77%; mau 3 ting
tir 33% dén 68% khi ting lidu xa tir 5 dén 20 kGy.

Sy giam COD ciia cac mau nudc thai duge giai thich 13 do ting cac san pham cia
qua trinh ion hoa btrc xa nudce, khi nude thai duge tiép xtic véi bire xa ion hoa. Gde OH" 1a
tac nhan oxy héa manh c6 vai trd chii yéu trong qua trinh oxy hoéa phan huy chat hitu co.
Khi liéu xa cang ting, gdc OH" tao ra cang nhiéu 1am phan hay nhiéu chit hitu co trong
nuéc [34]. Két qua nay ciling phu hop voi nghién ciru cta Sarala Selambakkannu va cong
su. Nudc thai ban dau c6 COD 13 400 mg/l, sau chiéu xa EB 10 va 20 kGy, COD cua nudc
thai giam lan luot 1a khoang 12,5% va 21% [7].

Két qua tuwong tu ciing duoc Ali Vahdat va cong su bao céo khi nghién ctru xir 1y
chat mau va phan huy mau nhuém Direct Black 22 bang chum tia dién tir, ham lugng COD
ban dau ciia miu 1a 103 mg/l. Sau qua trinh chiéu xa, phan trim suy giam COD ciing ting

tir 7% dén 14,5%, 19,4% va 32% khi tang liéu xa tir 1 kGy dén 3 kGy va 6,9 kGy [20].



3.1.3. Anh huwéng cia liu xa dén ham lrong BODs ciia cac miu nwée thai
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Hinh 3.7. Anh huong cua liéu xa dén ham lugng BODs ctia cac mau nudc thai
Nhu cau oxy sinh hoa trong nim ngay (BODs) 1a ham luong oxy can thiét dé vi sinh vat
oxy hoa cac chét hiru c6 kha nang phan hily sinh hoc ¢ diéu kién hiéu khi trong thoi gian
nim ngay. Chi tiéu BOD phan 4nh mirc d6 6 nhiém hiru co ctia nudc thai. BOD cang 16n
thi nudc thai (hodc nudc ngudn) bi 6 nhiém cang cao va ngugc lai.
Hinh 3.7 cho thdy BODs ¢ cdc mau giam khi ting liéu xa. Cu thé, BODs mau 1 trude
khi chiéu xa 1a 67 mg/l, giam xuéng lan luot 1a 40; 35; 27; 23 mg/1 khi chiéu xa 5; 10; 15;
20 kGy (hiéu qua xir Iy dat ~66% tai liéu xa 20 kGy). Su giam gia tri BODs (mg/l) khi
chiéu xa chum tia dién ti cho théy céc chét hiru co trong nuoc thai dét nhudm sau khi duoc
chiéu xa dé& dang bi phan hity sinh hoc. Ba san pham sinh ra tir qua trinh chiéu xa nudc thai
1a géc ‘OH (hydroxyl radical), hydrated electron (€aq ) va hydro nguyén tr (H'). Trong do6
gbc ‘OH ty do v6i thé oxy hoa cao nhat trong sd cac tic nhan oxy hoa thuong gip, duoc
xem 1a tac nhan chinh gdy phan hily cac chat gay 6 nhiém, oxy hoa céc chét hitu co nén lam
giam gia tri BODs. Khi tang lidu xa lam cho cac géc tu do dac biét 1a *OH sinh ra nhiéu
hon dan dén ting hiéu qua xir Iy BODs. Gi4 tri BODs sau khi xir 1y nam trong giéi han ctia
cot B cua QCVN 13-MT 2015/BTNMT.
Két qua nghién ctru trén mau nude thai 2 va 3 thu duoc twong dong voi mau 1. Tuy

nhién d6 giam BODs & cac mau nudc thai 1a khac nhau. Cu thé BODs cua miu 2 ban dau 1a



77 mg/l, sau khi xt ly ¢ lidu xa 5; 10; 15; 20 kGy lan luot giam con 46 mg/1 (dat ~40%); 40
mg/l (dat ~48%), 35 mg/l (dat ~55%) va 26 mg/l (dat ~66%). Hi€u qua xtr ly BODs trén
mau 3 ciing cho két qua tuong tu, cu thé BODs ban dau 1a 90 mg/l va sau khi xir Iy 1a 38
mg/1 (dat 58% so véi ban dau) tai lidu xa 20 kGy. Két qua nay ciing phu hop véi két qua
trong nghién ctru ciia He va cong sy khi nghién ctru gia tang kha nang phan hiy sinh hoc
ctia cac hop chat hitu co trong nudc thai dét nhudém bang phuong phéap chiéu xa chum tia
dién tir [35]. BODs giam tir 217 mg/l xudng 135 mg/I tai lidu xa 6 kGy tuong Gng véi phan
tram suy giam BODs 1a 38% [35].

3.1.4. Anh hwéng ciia lidu xa dén pH ciia cic miu nwéc thai
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Hinh 3.8. Anh hudng cua lidu xa dén pH ctia cac mau nudc thai

Cac nghién ctru trude ddy da minh ching su thay doi pH phu thudc vao thay doi cau
tric cua phan tir chat mau trong nude thai. Cac phan tr chit mau c6 khéi lugng phan tir 16n
khi bi chiéu xa s& phan doan thanh nhimng phan tir nhé hon va dan dén hinh thanh cac acid
hitu co nhu acid dicarboxylic, acid acetic, acid formic, hop chit benzoic hodc acid cacbonic
tao thanh do sy khodng hoa hoan toan cia mot ) phan tir chat mau va dan dén 1am pH moi
truong giam [21,34]. Két qua hinh 3.8 ciing cho thiy xu hudng twong ty khi ting lidu xa thi
gia trj pH giam dan & cic mau nudc thai. Cu thé miu nudc thai 1 pH trude khi chiéu xa 13
8,93 sau khi chiéu xa tai liéu 5 va 20 kGy, pH nudc thai dat gia tri 1an luot 1a 7,56 va 7,34
tuong tmg voi do giam pH 15,3% va 17,8%. Mau nuéc thai 2 c6 gia tri pH giam tir 9,46
xudng 8,10 tai licu 20 kGy (hiéu suat xur 1y dat 14,3 %). Két qua pH & mau nuéc thai 3



giam tur 9,38 xuéng 8,90 (hi¢u qua dat 5,12%).

So sanh két qua cta thuc nghiém véi quy chudn QCVN 13-MT/2015/BTNMT thay
pH ctia nudc thai sau khi chiéu xa nam trong khoang cho phép, co thé két luan phuong
phép chiéu xa dap Gmg dugc yéu ciu xtr 1y pH cta nudc thai. Pong thoi két qua nay ciing
phul hop véi sy nghién ciru cia tac gia Paul va cong sy khi nghién ctru sy thay d6i pH cia
mau nhudm Reactive Red-120 theo cac lidu xa khac nhau [35]. Két qua cho thay pH giam
nhanh & lidu xa 1,5 kGy tuong (mg véi phan trim suy giam ~40%, sau d6 pH giam dan khi

tang liéu xa 1én 10 kGy v&i phan tram suy giam 1a ~5% [35].

3.2 Anh huéng ciia nong @9 H,0, tai liéu xa 5 kGy dén pH, COD, BODs va d0 mau
ciia cAc miu nuéc thai
Gbc hydoxyl 13 tac nhan oxy hoa manh nhat trong nhitng tac nhin oxy hoa da biét tir
trudc to1 nay, c6 kha nang oxy hda khong chon loc moi hop chét hitu co, du 1a loai kho
phan hity nhét, bién chang thanh nhitng hop chét vo co (con goi 1a khoang héa) khong doc
hai nhu CO,, H,0, acid v6 co,.. . Viéc thém vao mdi truong nudc tdc nhan oxy hoa H,O,
két hop véi qua trinh chiéu xa v6i muyc dich thiic day qué trinh san sinh cac goc hydroxyl tur
do théng qua cac phan tmg véi cac san phim ctia qué trinh ion hoa méi trudng nudc theo
cac phan tmg 1.12, 1.13 va 1.14 nhu sau:
Buc xa + H,0, — 2 *OH
¢ +H,O, — *OH + OH"
H® + H,0, — *OH + H,0
Nhu vay, s6 lugng cac gbe *OH tu do s& ting trong sudt qué trinh chiéu xa ion héa méi
truong khi co6 sy hién di¢n cua tac nhan H,0,. Két qua anh hudéng cua néng do6 H,0, tai lidu
xa 5 kGy dén céac thong sb dic trung cta nudc thai duge thé hién trong bang 3.2.
Bang 3.2. Anh hudng ctia ndng do H,0, tai lidu xa 5 kGy dén pH, COD, BODs va d6 mau

cua cac mau nudoc thai

[H,0,] mM 0 5 10 15 20

Miu 1 7,56+0,30 | 6,62+0,25 | 6,63+0,2 | 6,68+0,15 | 6,67+0,10

pH

MAiu 2 8,75+0,20 | 8,20+0,30 | 8,00+0,15 | 7,90+0,30 | 7,60+0,20




Miu 3 9,26+0,15 | 9,00+0,25 | 8,89+0,30 | 8,82+0,10 | 8,75+0,15
Miu 1 77+1,5 38+0,10 84+1,6 134+2,0 179+1,5
COD N
Mau 2 84+1,5 55+1,0 61+£1,0 76=+1,5 114+2,0
(mg/l)
Miu 3 17442,0 131+1,5 121£1,0 115+1,5 98+1,0
Miu 1 40+1,0 38+1,0 36+1,0 28+1,5 20+1,0
BODS x
Mau 2 46+0,6 40=+1,0 37+1,5 30+1,0 25+1,5
(mg/1)
Maiu 3 68+1,0 61=£1,0 58+1,0 52+1,0 49+1,5
Miu 1 67+1,0 10£1,0 6+1,0 5+1,5 3+1,0
D0 mau <
Mau 2 95+1,0 15+1,0 18+0,5 20+0,6 19+0,5
(Pt—Co)
Maiu 3 288+1,0 212+1,5 215+2,0 210+2,5 200+1,0

3.2.1. Anh hwéng ciia nong dé H,O, dén dd mau ciia cic miu nuéc thai

Do mau (Pt-Co)

500
450
400
350
300
250
200
150
100
50
0

—&—Mau nuéc thai 1
=8-M3u nudéce thai 2
—&—MAu nudc thai 3

0 5

10

15

Nong d6 H,0, (mM)

Hinh 3.9. Anh hudng ctia nong d6 H,O, dén d6 mau cua cac mau nude thai

20




MAu nwirc thai 1 5 mM H20:

—— 10 mM H:0:
15 mM H202
20 mM H:0:

Do hap thu

S | | | | |
400 200 600 700 800

Budc séng (nm)

Hinh 3.10. Pho UV-vis ctia nudce thai rpﬁu nudc thai 1 & cac néng do H,O, khac nhau tai
lieu xa 5 kGy

181 -
Mau mwdc thai 2 5 mM Hz0z
150 — 10 mM Hz02
= 15 mM H202
ﬁ 20 mM Hz202
= 1
\(m
<
(el
A
05
e L | I | 1 | |

200 300 400 500 600 700 800
Budc song (nm)

Hinh 3.11. Phd UV-vis cta nudc thai rpﬁu nudc thai 2 & cac néng do H,O, khac nhau tai
lieu xa 5 kGy

1 1 .
i \ Mau nwdc thai 3 5 mM H202
\ — 10 mMH:0:
08 'nﬁ 15 mM H201
E, L \ 20 mM H202
by 06 \
\<% - ‘\.
<= \
- 0.4
2 I \
0 I | I | I | I | | 1

Budc song (nm)



Hinh 3.12. Pho UV-vis cta nudc thai mau nudce thai 3 & cac né)ng d6 H,O, khac nhau tai
liéu xa 5 kGy

15 mM O 0 a0
oy = !II ~ A .

]

Miu nwéc thai 3

Hinh 3.13. Anh huong cua néng d6 H,0, tai liéu xa 5 kGy dén do mau cla cac mau nudc
thai

Két qua anh hudng ciia ndng d6 H,0, tai lidu xa 5 kGy ciia cic miu nude thai duoc
thé hién trong bang 3.2 va hinh 3.9 cho thay khi ting nong d6 H,0, tir 0 dén 5 mM d6 mau
clia cic mau giam nhanh. Tuy nhién, khi tiép tuc ting ndong do H,O, 1én 10, 15 va 20 mM
hau nhu khong 1am giam d6 mau nguoc lai con giam hiéu qua xir Iy mau . Cu thé véi mau
nuée thai 1 d6 mau giam tir 267 xudng 10 (96%) tai lidu xa 5 kGy + 5 mM H,0, va do
mau tiép tuc giam khong dang ké xubng 6, 5 va 3 (Pt-Co) khi ting nong d6 H,0, tuong tmng
1a 10, 15 va 20 mM. Két qua nay ciing phu hop véi két qua do phd UV-Vis trong hinh 3.10



va két qua vé mau sac ctia cac mau nudc thai trong hinh 3.13. Mau ctia mau nudce thai 1 ban
dau c6 mau tim va mat mau hoan toan ¢ nong d6 H,0, 13 5 mM tuong tmg voi sy mat dinh
hap thy dic trung tai budc sONg Amax ~ 520 nm trong phd UV-Vis. Két qua twong tu ciing
thu dugc ddi véi mau 2 khi d6 mau giam nhanh tir 330 xudng 15 Pt-Co (95%) va 451
xudng 212 Pt-Co (53%) v6i mau 3 sau d6 hau nhu khong ddi khi ting ndng 6 H,0, 1én 10,
15 va 20 mM (hinh 3.9). Két qua vé mau sic (hinh 3.13) va phd UV-Vis ciing minh chimg
cho xu huéng nay (hinh 3.11 va 3.12). Mau ctia mau nudc thai 2 mat mau hoan toan tai
néng do 5 mM H,0O, va c6 mau héng nhat khi tang n6ng dé H,0, tuong Gng véi su mét
dinh hip thu dic trung tai budc song Ama, ~ 600 nm trong phd UV-Vis. Mau ciia mau nude
thai 3 ban dau c6 mau xanh den, khi chiéu xa tai liéu 5 kGy+ 5mM H,O, nudc thai c6 mau
xanh nhat va hau nhu khong doi khi ting nong d6 H,O, tuong tng vé&i dinh hap thy khong
d6i (~ 0,3) tai budc song dic trung A ~ 600 nm, Tir cac két qua trén cho thay, & cing lidu
chiéu xa 5 kGy, hiéu qua xtr Iy mau trong nudc thai ting 1én khi nong d6 H,0, duoc sir
dung phu hop 14 5 mM. Piéu nay duogc giai thich 1a do khi ¢6 su hién dién cua H,0, trong
qua trinh chiéu xa lam ting ndng do gdc hoat tinh OH®. Tuy nhién, khi nong d6 H,0, 16n
hon 5mM, gbc OH" bj biy bai cac phéan tir H,O, du tao ra géc HO,' ¢6 hoat tinh oxy héa
thap hon goc OH® theo phwong trinh sau: [36].

H,0, + OH® - HO," + H,0O (3.1)

H,0, + HO," - OH' + H,0 + O, (3.2)

Luong H,0O, dung du khong nhiing 1am tdng chi phi cua qua trinh xr Iy ma con lam
giam hi¢u qua xu Iy mau trong céc mau nude thai. Do vay, viéc lya chon néng do H,0,

thich hop cho mdi loai miu nudce thai 13 rit can thiét.

Céc két qua nay ciing kha phu hop voi két qua trong cong trinh nghién ctru cta tac gia
Bui Manh Ha va cong su khi nghién ctru loai mau dung dich nhuoém hoat tinh Red 24 b?mg
btrc xa Gamma Co-60 [27]. Theo nhém tac gia nay H,O, thuc ddy qua trinh khir mau bang
chiéu xa, tuy nhién khi néng d6 H,O, vuot qua nong do téi wu (3 mM) lai lam giam hiéu
qua khtr mau. Hi€u qua khir mau béng chiéu xa dat 99,9 % tai pH =7, n(‘Sng do H,O, 3 mM,
noéng d6 mau nhudm 100 mg/l va lidu xa 4kGy. Tuy nhién, hiéu qua khir mau giam xubng

con 89,4% khi ndng d6 H,O, ting 1én 11 mM & cung liéu xa 4 kGy [27].



3.2.2. Anh hwéng ciia ndng d9 H,O, dén ham lwong COD ciia cac mAu nwée thai
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Hinh 3.14. Anh huong cua néng do H,0, dén ham lugng COD cua mau nudc thai

Sy anh hudng khi thay d6i ndong d6 H,0, tai lidu xa 5 kGy téi ham lwong COD trong
cac mau nudc thai duge thé hién trong hinh 3.14 cho thay ham luong COD giam manh tai
ndng d6 5 mM H,0,. Cu thé, dbi v6i mau nude thai 1 COD giam tir 100 xudng 38 mg/1 dat
hiéu suat xir Iy ~62%, miu nude thai 2 COD giam tir 150 xudng 55 mg/1 dat hiéu suat xu 1y
~63% va mau nude thai 3 COD giam tir 260 xudng 131 mg/l dat hiéu suat xir Iy ~50%. Tuy
nhién, khi ting ndong d6 H,0, 1én 10, 15 va 20 mM ham luong COD ting 1én cing véi sy
tang nong do H,0, 1an luot 1a 84, 134, 179 mg/l d6i véi mau nudc thai 1 va 61, 76 va 114
mg/1 d6i véi mau nude thai 2. Trong khi d6 COD clia mau nudc thai 3 giam khong dang ké
khi ting nong d6 H,0,. Két qua nay ciing phu hop véi két qué trong cong trinh nghién ciru
ctia Bhuiyan va cong su [6] va duoc giai thich 1a do luong H,O, du c6 thé phan tmg véi
K,Cr,07 trong thi nghiém xac dinh COD. Mic du, H,0, 1a chét oxy hoéa manh nhung khi
gip chét c6 hoat tinh oxy hda manh hon nhu ion dicromat (Cr,0,>), H,O, c6 thé bi oxy hoa

theo phan mg sau va lam tang chi sé doc COD [6].

chr207 + 3H202 + 4H2804 —> KzSO4 + CI'Q (804)3 + 7H20 + 302 (33)

3.2.3. Anh huwéng ciia ndong do H,O, dén ham lwong BOD;s ciia cic miu nwéc thai
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Hinh 3.15. Anh huong cua néng do H,0, dén ham lugng BODs cua mau nudc thai

Bang 3.2 va hinh 3.15 cho thiy gia tri BODs ¢ cac mau sau khi xir Iy déu giam, khi
tang n6ng do H,0, 1an luot 5; 10; 15; 20 mM tai liéu xa 5 kGy. Cu thé mau nude thai 1 ¢d
gia tri BOD ban dau 1a 67 mg/l, sau khi ting ndng d6 H,0, 1én 5 mM thi BOD giam con 38
mg/l (~43%) va lan luot giam tai ndng d6 H,0, 10; 15; 20 mM 1a 36 mg/l (~46%); 28 mg/1
(~ 58%) va 20 mg/l (~70%). Mau nudc thai sb 2 ciing cho két qua twong ddong, BOD ban
dau 1a 77 mg/l va giam xudng con 26 mg/l tai ndng d6 H,0, 1a 20 mM twong tng v6i phan
tram suy giam 1a ~66%. D6i véi mau 3 BOD giam manh ¢ néng d6 H,0, 1a 5 mM va sau
d6 giam khong dang ké khi ting nong do H,0,. Két qua nay ciing kha phu hop véi do suy
giam mau khi mau nude thai 3 do mau hau nhu khong thay doi khi ting nong do H,O,. T
nhimg két qua trén cho thy twong ty nhu két qua vé su thay d6i COD khi ting ndng do
H,0, tai liéu xa 5 kGy, néng do H,O, thich hop dé xir 1y BOD trong nghién ctru nay cho

cac mau nudc thai la 5 mM.

3.2.4. Anh huéng ciia nong do H,0, dén pH ciia cic mau nuéc thai
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Két qua tir bang 3.2 va hinh 3.16 cho thiy pH & cic mau nudc thai sau khi chiéu tai liéu
xa 5 kGy v6i su c6 mit cua H,O, déu giam khi tang ndng d6 H,0,. pH cua cac mau nude
thai giam nhanh & nong d6 5 mM H,O, va khi ting vuot qua néng do nay su giam pH
khong dang ké. pH ctia mau nude thai mau 1 va 2 khong c¢6 H,0, 1a 8,93 va 9,46, khi thém
5 mM H,0O, pH giam manh xuéng gia tri 6,62 va 8,75 va hau nhu thay doi khong dang ké
khi ting ndng d6 H,0,. Ddi véi mau 3 d6 pH ciing giam nhung khong nhiéu nhu méu 1 va
2. pH ban dau ctia mau nude thai 1a 9,38 va giam xuéng 8,75 tai néng do H,O, 1a 20 mM
g v6i phan tram suy giam 13 6,7%. Két qua vé su giam pH ciing kha phu hop voi két qua
vé su thay ddi do mau, COD, BOD cling nhu mau sdc clia cac mau nude thai. Két qua nay
cho thay gia tri pH & cac mau nude thai sau khi chiéu xa trong gii han cho phép theo cot B
cua QCVN 13-MT 2015/BTNMT va c¢6 xu huong tuong tuy nhu trong nghién ctru cua
Bhuiyan va cong sy, khi xir Iy nudc thai dét nhuém bang phuong phép chiéu xa gamma tai
liu xa 10 kGy két hop véi H,O, trong khoang nong do 0%-3%. Nhom tac gia ndy ciing
nhan thay pH cua nudc thai giam nhanh khi ting nong do H,O, dén 2% va vuot gi6i han

nay, pH giam khong déng ké [6].

3.3. Anh huéng cia liéu xa tai nong d H,O, 10 mM dén pH, COD, BOD; va d6 mau

clia cic miu nuéc thai



Khi ting liéu xa 1a ting cic san pham cua qua trinh ion hoa birc xa nudc, sinh ra cang
nhiéu gbc *OH, H°, € ,,.. (theo phuong trinh 1.11):

blrc xa

H,0 —— H,, H,0,, H', "OH, e, H;0"

Ngoai ra, viéc bd sung H,O; s¢€ cang lam gia tang s6 luong géc hydroxyl, *OH (Theo
phuong trinh 1.12, 1.13 va 1.14) tir d6 lam gia tang hi€u qua xtr Iy nude thai. Tuy nhién,
viéc gia ting liéu xa s& 1am ting chi phi x 1y, ting ham luong H,0, s& dan dén giam hiéu
qua xtt 1y (theo phuong trinh 3.1 va 3.2). Do d6 viéc lya chon lidu xa va ndong d6 H,O, thich
hop dé xir Iy nude thai 13 rat can thiét, khong chi gop phan gia ting hiéu qua xt Iy nude
thai ma con tiét kiém dugc ning lugng, giam chi phi xtr Iy dan dén giam gia thanh va ting
kha ning ap dung thuc té cia phuong phap so v6i cac phuong phap khac dang duoc ap
dung.

Bang 3.3. Anh hudng cta lidu xa tai ndng d6 H,0, 10 mM dén pH, COD, BODS5 va do

mau cua cac mau nudc thai

Liéu xa (kGy) 3 6 9 12
Méu 1 7,74+0,3 | 7,09+0,25 | 6,80+0,15 | 6,2140,20
pH Méu 2 8,35+0,15 | 8,00+0,20 | 7,80+0,25 | 7,50+0,3
Miu 3 9,05£0,25 | 8,95+0,3 | 8,83+0,15 | 8,76+0,10
Méu 1 106+2,0 66+1,0 44+1,5 30+1,5
COD "
MAu 2 64+1,0 35+1,0 21+0,5 12+0,5
(mg/)
Mau 3 145+2.0 118+1,5 102+1,5 79+1,0
Mau 1 33+1,0 21+£1,5 14+0,5 6+0,5
BOD5 .
MAu 2 41+1,0 29+1,5 20+1,0 1440,5
(mg/)
Méu 3 68+1,5 47+1,5 40+1,0 36+1,0
Mau 1 5+0,5 5+0,5 440,5 3+0,5
Do mau <
Mau 2 45+1,0 31+1,5 18+1,0 6+0,5
(Pt-Co)
Miu 3 245425 175+2,0 15442.0 90+1,5




Két qua anh hudng cua liéu xa tai n6ng dd H,0, 10 mM dén d6 mau, pH, COD va
BOD cua cic mau nudc thai duge thé hién trong bang 3.3. Két qua cho thay khi ting lidu xa
tir 3 dén 12 kGy d6 mau, COD, BOD va pH déu giam. Tuy nhién sy giam 1a khac nhau &

cac mau va xu hudng giam ¢ tung thong so6 dugc phan tich cu thé nhu sau:

3.3.1. Anh huéng ciia licu xa tai nong dé H,0, 10 mM dén do mau ciia cic miu nwée

thai
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Hinh 3.17. Anh huong cia lidu xa tai nong d6 H,O, 10 mM dén do mau cua cac mau nudc
thai

Két qua hinh 3.17 cho théy dd mau ctia mau nudc thai 1 va 2 gidm manh tai lidu xa 3
kGy + 10 mM H,0, va khi ting liéu xa I1én dén 12 kGy d6 mau giam khong dang ké. Cu thé
d6 mau ban dau cua mau nude thai 1 va 2 1an lugt 14 267 va 330 Pt-Co giam xudng con 5
va 45 Pt-Co tuong ung véi do loai mau 1a ~ 98% va 86%. Tiép tuc tang lidu xa 1én 6, 9 va
12 kGy d0 mau giam twong tng 13 5, 4 va 3 Pt-Co v&i mau 1 va 31, 18 va 6 Pt-Co véi mau
2. Trong khi d6, 6 mau ctia mau nudc thai 3 giam dan khi ting lidu xa va giam nhiéu nhét
tai lidu xa 12 kGy + 10 mM H,0, véi do loai mau dat 80%. Do mau ban dau cua mau nudc
thai 3 1a 451 Pt-Co, giam dan xudng 245, 175, 154 va 90 Pt-Co tuong udng voi cac lidu xa
1a 3, 6,9 va 12 kGy.
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Hinh 3.20. Pho UV-vis cta nude thai mau nudce thai 3 & céc liéu xa khac nhau tai néng do
H202 10 mM

-

Hinh 3.21. Anh huong cla liéu xa khéc nhau tai néng d6 H,0, 10 mM dén d6 mau cua céc
mau nudc thai

Két qua phoé UV-Vis trong hinh 3.18, 3.19 va 3.20 va két qua vé mau sic ctia cac mau
nudéc thai trong hinh 3.21 ciing pht hop véi két qua vé sy suy giam d6 mau khi ting liéu xa
tir 3 1én 12 kGy. Mau nuéc thai 1 dinh hip thu dic trung tai budc song Ame = 520 nm da
bién mét tai lidu 3 kGy Gmg v6i sy mat mau hoan toan trong hinh 3.21. Mau nuéc thai 2
dinh hép thu tai budc séng dic trung Amex = 600 nm ciing khong xuit hién tuwong tng voi
mau do ciia mau 2 gﬁn nhu mat mau tai liéu xa 3 kGy (hinh 3.21) va méat mau hoan toan tai
liéu xa 9 kGy. Trong khi do, do hép thy tai budc song dic trung e = 600 nm ciia mau 3
giam dan theo li¢u xa (hinh 3.20) tuong tng véi sy giam mau xanh trong hinh 3.21 va mau

xanh nhat nhét tai liéu xa 12 kGy Gng v6i d6 giam mau 80%. Nguyén nhin cua d6 mau



trong mau nudc thai 3 giam cham khi ting lidu xa tir 3 d&én 12 kGy so v6i mau nudc thai 1
va 2 duoc giai thich 1a do mau nudc thai 3 c6 d6 mau ban dau cao nén liéu xa cling nhu
ndéng do H,0, sir dung cling cao hon cac mau con lai. Mot nguyén nhan khéac ciing gop
phan 1am giam hiéu qua xo 1y mau trong mau nudc thai 3 12 do ciu tric mau nhudém
Turquoise Blue HF-G 133% c6 trong hdn hop mau nudc thai 3. Bén canh nhimng lién két
do1 tao mau thi mau xanh trong mau nude thai 3 mot phén duoc tao ra do ion Cu*" ¢co trong
mau nhudém. Phuong phép chiéu xa rat hidu qua trong viéc cit dut cac lién két doi, lién két
cong hoa tri co trong hop chat hitu co din dén loai mau trong nude thai. Tuy nhién, véi cac
mAu nudc thai c6 mau tao ra tir cac ion kim loai thi phuong phap nay khéng cho thay hiéu
qua trong viéc xur ly mau [6, 7, 11, 21].

3.3.2. Anh huéng cia liéu xa tai ndng d H,0, 10 mM dén ham lwgng COD ciia cac

mau nudéc thai
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Hinh 3.22. Anh huong cua lidu xa tai néng do H,0, 10 mM dén COD cuia cidc mau nuée
thai
Két qua vé su suy giam COD khi ting liéu xa tai nong do H,0, 10 mM duoc thé hién
trong hinh 3.22. Két qua cho thdy, d6i véi mau nude thai 1 tai lidu xa 3 kGy ham luong
COD dat 106 mg/1 tang so vi ham lugng COD ban dau 1a 100 mg/l. Két qua nay cho thay
tai liéu xa 3kGy ndng d6 H,0, 10 mM 1a du so véi luong can thiét dé xir Iy. Chinh luong
du nay lam ting chi s6 doc COD theo phuong trinh 3.3. Tuy nhién, khi tang liu xa thi gia



tri COD lai giam xudng con 66, 44 va 30 mg/l tuong tng véi licu xa 6, 9 va 12 kGy.
Nguyén nhan 1a do ting liéu xa din dén ting sy phan huy H,0, theo phuong trinh 1.12,
1.13 va 1.14. Dbi v6i mau 2 va mau 3 ¢o cing 1 xu huéng 1a khi ting liéu xa COD giam.
COD ctia mau 2 giam tir 150 (ban dau) xubéng 64, 35, 21 va 12 mg/l, COD ctia miu 3 giam
tr 260 (ban dﬁu) xuéng 145, 118, 102 va 79 mg/l tmg voi su tang lidu Xa lan luotla 3,6, 9
va 12 kGy.

Két qua d6 giam COD ciing phu hop vé6i két qua giam mau theo lidu xa nhu trén. Tuy
nhién, c6 thé théy dd giam mau cla cidc mau nudc thai cao hon so v6i do giam COD tai
cung lidu xa. Piéu nay co thé 1a do do mau duogc xac dinh tir sy cit mach cua cac phan to
chat mau thanh nhiing phan doan nhé hon trong khi d6 giam COD duoc xac dinh phu thudc
vao sy khoang hoa hoan toan cuia phan tir chat mau tao thanh CO, va H,O [34]. Vi vay, toc
d6 giam COD 1 thap hon so v&i toc d6 giam mau.

3.3.3. Anh hudng cua lidu xa tai n(‘A)ng do H,0, 10 mM dén ham lwgng BODs cua cac
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Hinh 3.23. Anh huong cta lidu xa tai n6ng d6 H,0, 10 mM dén BOD;s ctia cic mau nuée
thai
Két qua anh huong cua lidu xa dén ham luong BODs cua cac mau nude thai dugc thé
hién trong bang 3.3 va hinh 3.23 cho thdy BODs ctia cac mau giam khi ting lidu xa. Mau
nuéc thai 1 BODs giam tir 77 mg/l xubng 33, 21, 14 va 6 mg/l twong ng v6i phan trim suy
giam 13 57%, 73%, 82% va 92%. Mau nudc thai 1 BODs giam tir 77 mg/I xuéng 33,21, 14



va 6 mg/l twong ing v6i phan trim suy giam 13 57%, 73%, 82% va 92% tai cac liéu xa lan
luot 12 3, 6, 9 va 12 kGy. Mau nudc thai 2 va 3 BODs giam tir 80 va 90 mg/l xudng 14 va
36 mg/l twong tmg voi phan trim suy giam 1a 83% va 60% tai lidu xa 12 kGy. Két qua nay
cling phu hop véi két qua trong nghién ctru ctia Paul va cong su khi nghién ctru xtr Iy mau
Reactive Red-120 bang phuwong phap chiéu xa chum tia dién tir tai ndng d6 147 ppm va 191
ppm. Két qua cho thdy phan trim suy giam ting khi ting lidu xa. Cu thé 13 phan trim suy
giam BODs tang 16%, 35%, 42% va 50% tai ndng d6 mau 1a 147 ppm va ting 15%, 41%,
57% va 60 % véi nong do mau 1a 91% khi tang lidu xa twong tmg 13 1,5; 2,5; 5,0 va 10,0
kGy [34].
3.3.4. Anh huéng ciia liéu xa tai ndng d6 H,0, 10 mM dén pH ciia cac mAu nwée thai
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Hinh 3.24. Anh huong cua liéu xa tai nong d6 H,O, 10 mM dén pH ctia cac mau nudc thai

Bang 3.3 va hinh 3.24 cho thiy gia trj pH ctia mau nuéc thai 1 giam khi ting liéu xa tai
ndéng do H,0, 10 mM. Cu thé pH ban dau 1a 8,93 giam xudng con 7,74; 7,09; 6,08 va 6,21.
Trong khi d6 pH cua mau 2 giam manbh tai lidu xa 3 kGy, pH giam tir 9,46 xuéng con 8,35,
khi tiép tuc ting lidu xa pH giam cham va dat gia tri 7,5 tai liéu 12 kGy. pH cta mau nudc
thai 3 giam khong nhiéu khi ting liéu xa. pH ban dau 1a 9,38 giam xudng con 8,76 tai liéu
12 kGy. Gia tri pH ctia cac miu nudc thai sau khi chiéu xa déu nam trong gidi han cho
phép theo QCVN 13-MT 2015/BTNMT.

3.4. Quy trinh xir Iy chit mau trong nwéc thai nha may dét nhuém bing phuwong phap

chiéu xa chum tia dién tir



Két qua nghién ctru xir Iy mau trén ba loai nudc thai dét nhudém véi cac mau nhudém
khac nhau bang phuong phap chiéu xa chum tia dién tir két hop véi tac nhan oxi hoa hydro
peroxit cho théy viéc lua chon néng do ban dﬁu, loai mau xu 1y, lidu Xa va n(‘Sng do H,0O,
thich hop 1a rdt quan trong, s& quyét dinh hiéu qua xu 1y ciing nhu chi phi xir 1y khi ap dung
vao thue tién. Do d6, quy trinh chung cho qua trinh xir Iy mau trong nuéc thai nha may dét
nhudém duogc dua ra gdm bén bude nhu trong hinh 3.25. Tuy nhién, cac théng sb cu thé vé
liéu xa, ndng d6 H,0,, ndng d6 mau,.. s& dugc didu chinh phu hop voi timg loai nudc thai
ung voi cac loai mau nhuom khéc nhau.

3.4.1. So' b quy trinh xir Iy nwéc thai nha may dét nhuém

Hinh 3.25. Quy trinh xtr Iy chat mau trong nudc thai nha may dét nhuom bang phuong
phép chiéu xa chum tia dién tu

3.4.2. M6 ta chi tiét quy trinh
— Budc 1: Liy mau nudc thai thyc té tir nha may theo theo TCVN 6663-1:2011 (ISO
5667-1:2006)
— Budc 2: Phan tich cac thong s6 ban dau cua nuée thai nhu: COD, BODs, pH, do

mau, loai mau nhudm,..



— Budc 3: Lya chon liéu xa va nong d6 H,O, phu hop va tién hanh chiéu xa
— Budc 4: Phan tich cac chi tiéu (COD, BODs, pH, d0 mau,..) cua nudc thai sau khi
chiéu xa.

Phan IV: KET LUAN
4.1. Két Lugn ‘
D3 nghién ctru xtr ly mau trong nudc thai nha may dét nhudm bang phuong phéap

chiéu xa chum tia dién tir voi két qua nhu sau.

- Céc thong s6 d6 mau, pH, COD va BOD ciia cd 3 miu nudc thai déu giam khi tang
lidu xa tir 5 dén 20 kGy cu thé 1a:

+ Mau nuéc thai 1 dat d6 loai mau 93%, do suy giam pH, COD va BOD lan luot 1a
18%, 75% va 66% tai liéu xa 20kGy

+ Mau nudc thai 2 dat do loai mau 98%, d6 suy giam pH, COD va BOD lan luot 13
14%, 77% va 66% tai liéu xa 20kGy

+ Mau nuéc thai 3 dat do loai mau 78%, do suy giam pH, COD va BOD lan luot 13
5%, 68% va 58% tai liéu xa 20kGy

+ Cac thong sé pH, COD, BOD va d6 mau trong cac mau nudc thai déu nam trong
gidi han cta cot B ctia QCVN 13-MT 2015/BTNMT tai liéu xa 20 kGy.
D3 nghién ctru xr Iy mau trong nudce thai nha may dét nhudém bang phuong phap

chiéu xa chum tia dién tur két hop voi tac nhan oxi héa H,O, voi két qua nhu sau:

- Két qua nghién ctru anh hudéng cua néng do H,0, tai liéu xa 5 kGy cho théy néng do
H,0, thich hop dung dé xt Iy mau ddi v6i cac mau nude thai trong nghién clru nay 1a
S mM.

- Két qua nghién ctru anh hudng cua lidu xa tai ndng d6 H,0, 1a 10 mM cho thay céac
thong sb cua cac mau nuée thai nhu d6 mau, pH, COD va BOD giam khi tang liéu xa
tir 3 dén 12 kGy cu thé 1a:

+ Pbi v6i mau nude thai 1 va 2 lidu xa thich hop 1a 3 kGy tai nong d6 H,0, 10 mM
voi do loai mau, do suy giam pH va BOD tuong tmg 1a 98%, 13% va 57% v&i mau
nude thai 1 va 86%, 12% va 49% véi mau nude thai 2.

+ Pbi voi mau nudc thai 3 lidu xa thich hop 14 6 kGy tai nong do H,0, 10 mM véi 4o
loai mau, d6 suy giam pH va BOD tuong tng 1a 62%, 5% va 48%.



Céc két qua cho thdy, chiéu xa chum tia dién t 1a phuong phép hiéu qua dé xu 1y
nuéc thai dét nhudém véi vu diém khong tao bun thai thir cip va c6 tiém ning ap dung qui
mo cong nghiép khi két hop voi tac nhan oxi hoa hydrogen peroxit dé gia ting hiéu qua xir
1y ciing nhu giam liéu xa dan t6i giam gia thanh xu 1y.

4.2. Kién Nghi
- Tiép tuc phat trién huéng nghién ctru nay 1én dé tai cip bo.

- Nghién ctru anh huéng pH dén hiéu qua xir Iy mau.
- Nghién ctru nhiéu hon hgp nudc thai thyce té khac dé danh gid hiéu qua kinh té va dua ra

quy trinh xtr Iy nudce thai dét nhudm quy mo pilot.
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