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MO PAU

O nhiém méi trudng n6i chung, 6 nhiém moi truong nude noi riéng dang 1a
mot van dé toan cau. Ngudn gbc 6 nhiém méi trudng nude cha yéu 1a do cac ngudn
nude thai khong duge xir 1y thai tryc tiép ra moi truong bao gdm tir: cic hoat dong
san xuat cong nghiép, nong nghiép, sinh hoat, vui choi giai tri.... Trong dé, nudc
thai tir cac hoat dong cong nghiép c6 anh hudng nhiéu nhat dén méi truong do tinh
da dang va phuc tap. Trong nudc thai cong nghiép, thanh phan kho xir 1y nhét 1a
chat hitu co khé phan hity sinh hoc. Vi ban chat kho phan huy bai vi sinh, ton tai
bén viing trong mai truong, chat hiru co khé phan hity sinh hoc s& 1a mbi nguy hai
lau dai téi stire khoe con ngudi va moi trudong.

Trong gidi han luan van nay, ching t6i d& chon xtr Iy nudc thai nganh dét
may, cu thé 1a nuéc thai dét nhudém chtra thuéc nhudém hoat tinh, mot nguén thai
tuong d6i phd bién ¢ Viét Nam hién nay va dang c6 xu hudng ting 1én do nhu cau
cua thi truong va vi thude nhudom hoat tinh 13 mot chét hitu co mang mau kho phan
huy sinh hoc, khi dugc thai vao moéi truong, nd s€ lam can tro kha nang xuyén qua
Clia 4nh sdng mat trdi, giam nong dd hoa tan oxy trong nudc. Nhiéu chat mau la
chéat doc ddi véi cac loai sinh vat, thuc vat trong nude, ddn dén 6 nhiém moéi trudng,
MAat can bang sinh thai. Hién nay, & Viét Nam chwa c6 mot phuong phap nao xir Iy
nuéc thai dét nhuém chira thudc nhudm hoat tinh thire sy hidu qua va kinh té. Nhiéu
phuong phap xir 1y d duoc nghién ciu trén thé gii nhu hap phy, keo tu-tao bong
két hop loc, oxi hoa hoa hoc, phuong phap dién hoa, phuong phap vi sinh, cac
phuong phap oxi ho4 tién tién... Do cAc chat mau da dang vé thanh phan ciu tao va
tuong d6i bén viig nén viéc ap dung cac phuong phap thong thudng nhu héap phu,

keo tu-tao bong, xir 1y vi sinh thuong khong dat hiéu qua cao.

Trén co sé tong quan tai liéu vé cac phuong phap oxi hoa tién tién, ching toi
thay rang phuong phap oxi hoa pha long c6 XUc tac 1a mot phuong phéap xir 1y chat
mau hitu co ¢ nhiéu tiém niang tng dung nho c6 toc do khir mau cao, hoat dong 6n

dinh. Phuong phap nay c6 wu thé vé kha niang xir 1y chét hitu co, chat mau bén vi



sinh va c6 nong do cao béi tac nhan oxi hoa la O, khdng khi, chuyén chung thanh
nhitng chat dé phan hity sinh hoc hodc CO, ma khong tao san pham 6 nhiém thir
cap. XUc tac oxi hoa la cac kim loai quy (nhu Pd, Pt, Rd) d& duoc biét dén tir 1au vé
hoat tinh cao ciia no, song day 1a loai xtic tac rat d& nhiém ddc va rat dat cho xir ly
moi truong. Nhém xuc tic oxit kim loai chuyén tiép dwoc cht ¥ dén nhiéu hon &
khia canh nay. Tuy nhién, mot trong nhitng han ché cho viéc ap dung coéng nghé
nay la st dung xuc tac. Viéc nhap khau xtc tac ton nhiéu tién, trong khi d6 ngudn
xUc t4c san xuat trong nudc chua co. Xic tac duoc sir dung trong qua trinh nay cha

yéu 1a c4c oxit kim loai ning nhu oxit ciia Mn, Fe, Mg, Cu, Ce, Pt, Ni, Ag ...

Viét Nam 12 mot trong nhimg quéc gia gidu khodng san. Cac quing nay
thuong bao gdm mdt vai oxit kim loai quy va oxit kim loai chuyén tiép. Do vdy, cac
loai quing co thé c6 hoat tinh x@ic tac cho cac phan tmg oxi hoa pha long. Nhu vay,
viéc str dung cac loai quang thién nhién lam xuc tac cho phan ung oxi héa pha long
s€ mo ra kha nang Gng dung phuong phap nay vao xu ly nudc thai dét nhudom noi

riéng, nude thai chira chat hiru co khé phan hity sinh hoc néi chung.

Chinh vi vay, chiing toi d4 tién hanh nghién ciru nham tim ra loai xuc tac pho
hop voi diéu kién Viét Nam cho qué trinh oxi hda pha long dé xu 1y chét hiru co
khé phan hity sinh hoc 1a thuéc nhudém hoat tinh trong nudc thai dét nhudm tir cac

loai quang chira oxit kim loai chuyén tiép c6 san & Viét Nam.



CHUONG 1 - TONG QUAN

1.1Chit hiru co khé phan hiiy sinh hoc. Nwéc thai dét nhuom chira thudce

nhudm hoat tinh
1.1.1 Chét hitu co khé phén hiy sinh hoc

Chét hitu co khé phan huy sinh hoc 1a cac hop chét da vong hoic mach dai,
lién két bén vimg, vi sinh vat phan hiy kho pha v& va dong hoa. Chung ton tai bén
viing trong moi truong, cd kha nang phat tan rong, tich Iily sinh hoc trong cac hé
sinh thai trén can va dudi nudc, gdy nguy hai nghiém trong cho sttc khoe con nguoi
va moi truong.

Nhu dé noi o trén, Viét Nam dang trong thoi ky cong nghiép hoa, hién dai
hoa dat nudc véi sy mo rong san xuat va phat trién nhanh chéng cia cac nganh
cong nghiép. Bén canh nhiing loi ich to 16n ma san xuit cong nghi¢p mang lai,
khong thé phii nhan nhiing t6n hai méi truong do chét thai cong nghiép gay ra. Véi
dic tinh ton tai lau trong moi truong, khong bi vi sinh phan huy, chat hitu co kho
phan hity sinh hoc trong chét thai cong nghiép 1a mot méi nguy hai I6n. Pac biét, ¢
Viét Nam, mot trong nhitng ngudn thai ddng cht ¥ nhat 1a nudc thai dét nhudm,
nhat 13 nude thai nhuém chira thuéc nhudém hoat tinh. D6 1a mot nguén thai chura

chat hiru co kho phéan huy sinh hoc pho bién ¢ Viét Nam.

Nganh dét may Viét Nam da dem lai ngoai té nhiéu thir hai cho dat nuéc sau
xuat khau dau mé va theo du doan trong mot twong lai gan gi tri kinh té ma nganh
mang lai s& ting nhanh hon xuat khau dau mé. Vi vay, viéc xtr Iy nudc thai dét
nhudm véi lugng ngay cang tang cd y nghia to 16n: dam bao stcc khoe cho cong
dong, dam bao phat trién bén viing nganh nganh Dét may trong moi trudng canh
tranh, dam bao luat moi trudng cta Viét Nam ciing nhu cac cam két vé méi truong
ctia Viét Nam trude thé gioi, dong thoi 1am tién dé dé tim ra phuong phap thich hop

Xt Iy c&c chat hitu co khé phan huy sinh hoc khac.



1.1.2 Nuwéc thai dét nhugm chira thuéc nhudm hoat tinh
1.1.2.1Khéi quéat vé thudc nhupm

Thudc nhudém 12 nhitng chat hitu co ¢6 mau, hip thy manh mot phan nhat
dinh cua quang phd anh sang nhin thiy va c6 kha ning gan két vao vat liéu dét

trong nhirng diéu kién nhét dinh (tinh gan mau).

Thudc nhudm co thé c6 ngudn gdc thién nhién hoic téng hop. Hién nay, con
nguoi hau nhu chi str dung thudc nhudém tong hop. Pic diém ndi bat cua cac loai
thudc nhudm 14 d6 bén mau - tinh chat khong bi phan hay boi nhiing diéu kién, tac
dong khac nhau ctia méi trudng, day vira 1a yeu cau voi thuée nhudm lai vira 14 van
dé vai xir Iy nudce thai dét nhuém. Mau sic ciia thudce nhudm cé duogce 1a do ciu tric
hoa hoc ciia nd: mot cach chung nhat, cau trac thudc nhuém bao gdm nhém mang
mau va nhom trg mau. Nhém mang mau la nhitng nhém chira cac ndi doi lién hop
véi hé dién tir m linh dong nhu >C=C<, >C=N-, >C=0, -N=N-... Nhém tro mau la
nhitng nhom thé cho hodc nhan dién tir, nhu -SOH, -COOH, -OH, NH,..., dong vai
trd ting cuong mau cia nhom mang mau bang cach dich chuyén niang luong ciia hé
dién tur.

Thudc nhudém tong hop rat da dang vé thanh phan hoa hoc, mau sic, pham vi
st dung. TUy thudc ciu tao, tinh chat va pham vi sir dung, thudc nhuém dugc phan
chia thanh cé4c ho, cac loai khac nhau. C6 hai cach phéan loai thudc nhuém pho bién

nhit:
+ Phan loai theo c4u trac hoa hoc.
+ Phén loai theo dac tinh ap dung.
% Phan loai theo céu trac hoa hoc

Pay 1a cach phan loai dua trén cdu tao cia nhom mang mau, theo d6 thudc

nhuém dugc phan thanh 20-30 ho thudc nhuom khac nhau. C4c ho chinh 1a:

e Thuéc nhudm azo: nhém mang mau la nhém azo (-N=N-), phan ti thubc

nhuém c6 mot (monoazo) hay nhiéu nhém azo (diazo, triazo, polyazo). Pay 1a ho



thudc nhuém quan trong nhat va c6 sé luong 16n nhét, chiém khoang 60-70% sb

lugng cac thudc nhudm tong hop, chiém 2/3 cac mau hitu co trong Color Index.

e Thudc nhuém antraquinon: trong phan tir thubc nhuém chira mot hay nhiéu
nhom antraquinon hoic cac dan xuét ciia no:

e}

e}

Ho thudc nhuém nay chiém dén 15% sé luong thudc nhugm tong hop.

e Thudc nhuom triaryl metan: triaryl metan la dan xuét cia metan ma trong dé

nguyén tir C trung tAm s& tham gia lién két vao mach lién két ctia hé mang mau:

OO,
O~

triaryl metan

Ho thudc nhuom nay pho bién thir 3, chiém 3% tong so lugng thude nhuom.

e Thudc nhuom phtaloxianin: hé mang mau trong phan tir ciia ching 1a hé lién
hop khép kin. Pic diém chung cta ho thuéc nhudm nay la nhitng nguyén tir H trong
nhom imin dé dang bi thay thé boi ion kim loai cOn cac nguyén tir N khéc thi tham
gia tao phirc voi kim loai 1am mau sic cta thudc nhuém thay ddi. Ho thudc nhudém
ndy c6 do bén mau voi anh sang rat cao, chiém khoang 2% tong sé luong thude
nhuém.

Ngoai ra, con c4c ho thuéc nhudm khac it pho bién, it ¢ quan trong hon
nhu: thudc nhudm nitrozo, nitro, polymetyl, arylamin, azometyn, thudc nhudm luu

huynh...



% Phan loai theo dac tinh ap dung [15]

Day la cach phan loai cac loai thuéc nhuém thwong mai ¢ duoc thong nhét
trén toan cau va liét ké trong bo dai tir dién vé thuéc nhuom: Color Index (CI), trong
d6 mdi thuéc nhudm duoc chi din vé ciu tao hoa hoc, dic diém vé mau sic va
pham vi st dung. Theo dic tinh ap dung, ngudi ta quan tdm nhiéu nhét dén thudc
nhuém st dung cho xo soi xenlullo (bdng, visco...), d6 1a cac thudc nhudém hoan
nguyén, luu hoa, hoat tinh va truc tiép. Sau d6 1a cac thudc nhudém cho xo soi tong
hop, len, to tam nhu: thude nhudm phan tan, thube nhud¢m bazo (cation), thude

nhudm axit.
e Thudc nhudém hoan nguyén, bao gom:

- Thudc nhuém hoan nguyén khdng tan: 1a hop chat mau hiru co khong tan trong
nude, chira nhém xeton trong phéan tir va ¢6 dang tong quat: R=C=0. Trong qué
trinh nhudm xay ra sy bién do6i tir dang layco axit khong tan trong nudc nhung tan

trong kiém tao thanh layco bazo:

[H] NaOH
R=C-OH R=C-ONa
[O] layco axit H20 layco bazo

R=C=0

Hop chat nay bat mau manh vao xo, sau d6 khi rira sach kiém thi n6 lai tro

vé dang layco axit va bi oxi khong khi oxi hoa vé dang nguyén thuy.

- Thudc nhuém hoan nguyén tan: 1a mudi este sunfonat ctia hop chét layco axit
ctia thuéc nhudm hoan nguyén khong tan, R=C-O-SO3;Na. N6 dé bi thuy phan trong
moi truong axit va bi oxi héa vé dang khong tan ban dau.

Khoang 80% thudc nhuém hoan nguyén thuéc nhém antraquinon.

e Thudc nhuom Iuu hoéa: chira nhom disunfua dic trung (D-S-S-D, D- nhom
mang mau thudc nhuém) c6 thé chuyén vé dang tan (layco: D-S-) qua qué trinh
khir. Gidng nhu thudc nhuém hoan nguyén, thuéc nhudém luu héa ding dé nhudém

vat liéu xenllulo qua 3 giai doan: hoa tan, hap phu vao xo sgi va oxi hoa tro lai.



e Thudc nhudm truc tiép: day 1a loai thudc nhudm anion c6 kha ning bat mau
truc tiép vao xo soi xenllulo va dang tong quat: Ar-SOsNa. Khi hoa tan trong nudc,
n6 phan ly cho vé dang anion thudc nhuém va bat mau vao soi. Trong mdi mau
thudc nhudm tryc tiép cé it nhat 70% céu tric azo, con tinh trong tong s thude

nhudm truc tiép thi c6 dén 92% thudc 16p azo.

e Thudc nhuom phan tan: day 1a loai thuéc nhuém ndy cé kha niang hoa tan rat
thap trong nude (co thé hoa tan nhat dinh trong dung dich chat hoat dong bé mat).
Thudc nhuom phan tan ding dé nhudom cac loai xo soi tong hop ki nude. Xét vé mat
hoa hoc c6 dén 59% thudc nhudém phan tan thude ciu tric azo, 32% thude cau tric

antraquinon, con lai thudc cac 16p hoa hoc khac.
e Thubc nhuém bazo — cation:

Cac thudc nhudm bazo trude ddy diung dé nhudm to tam, ca bdng cam mau
bang tananh, 1a cAc mubi clorua, oxalat hodc mudi kép ciia bazo hitu co. Chung dé
tan trong nudc cho cation mang mau. C4c thuéc nhudém bazo bién tinh - phan tir
duoc dic trung boi mot dién tich duong khong dinh vi - goi 1a thudc nhudm cation,
dung dé nhudém xo acrylic. Trong cac mau thudc nhudém bazo, cac 16p hoa hoc duoc
phan bé: azo (43%), metin (17%), triazylmetan (11%), arcrydin (7%), antraquinon

(5%) va céc loai khac.

e Thudc nhudém axit: 1a mudi cia axit manh va bazo manh nén ching tan trong
nuéc phan ly thanh ion: Ar-SO;Na — Ar-SO;” + Na’, anion mang mau thubc
nhuém tao 1ién két ion véi tam tich dién duong cua vat liéu. Thude nhudm axit co
kha ning ty nhudm mau xo soi protein (len, to tim, polyamit) trong méi trudng
axit. Xét vé cu tao hoa hoc c6 79% thudc nhudm axit azo, 10% la antraquinon, 5%

triarylmetan va 6% céac l6p hoa hoc khac.

e Thudc nhudm hoat tinh: I thudc nhuém anion tan, c6 kha nang phan tmg véi
X0 sgi trong nhimg diéu kién 4p dung tao thanh lién két cong hoa tri véi xo soi.
Trong ciu tao ctia thuéc nhuém hoat tinh c6 mot hay nhiéu nhém hoat tinh khac

nhau, quan trong nhat 1a cac nhém: vinylsunfon, halotriazin va halopirimidin.



Dang tong quat ctia thudc nhudém hoat tinh: S— R— T - Y, trong do:

S: nhém cho thudéc nhuém do hoa tan can thiét (-SOs;Na, -COONa,
-SO,CHs)

R: nhdm mang mau cia thuéc nhuém

Y: nhém nguyén tir phan tmg, trong diéu kién nhuom né tach khoi phan
tir thudc nhudm, tao kha ning cho thudc nhudm phan ing véi xo (-Cl,
'SOz, 'SOgH, -CH:CHz,...)

T: nhdm mang nguyén tir hay nhém nguyén tua phan tng, thuc hién lién

két gitra thuc nhudm va xo.

La loai thuéc nhudm duy nhat c6 lién két cong hoa tri voi xo soi tao dd bén
mau giat va do bén mau udt rat cao nén thubc nhudém hoat tinh 12 mot trong nhimng
thudc nhuém duge phat trien manh mé nhat trong thoi gian qua dong thoi 12 16p
thudc nhudém quan trong nhat dé nhuom vai soi bong va thanh phan bong trong vai

So1 pha.

Tuy nhién, thuéc nhudém hoat tinh c6 nhuge diém la: trong diéu kién nhudm,
khi tiép xtic v6i vat liéu nhudm (xo soi), thudc nhudém hoat tinh khong chi tham gia
vao phan ung véi vat liéu ma con bi thiy phan.

Vi du:

I NaOH

D=S—CH,CH,0SO;Na ——» D=S—CH=CH, + Na,SO, + H,0

O =—0n=0

Thubc nhudm sunfatoetylsunfon Thuoc nhugm Vinylsunfon

(dang hoat hoa cua thuéc nhuém géc)

o . 4 0 0
U8 +x- - +H I
D=$—CH=CH2 — D=$—CH -CHy X —> D=$—CH2 -CH, X
o 0 0
Thudc nhuém Vinylsunfon Xo dugc nhuom (X la O-Xenlullo)

Thudc nhudm thay phan (X 1a OH)



Do tham gia vao phan ung thiy phan nén phan tng giira thuéc nhuém va xo
soi khong dat hiéu suat 100%. Dé dat 6 bén mau giit va dé bén mau tdi uu, hang
nhuém dugc gidt hoan toan dé loai bo phan thudc nhuoém du va phan thudc nhudm
thity phan. Vi thé, murc d6 ton that dbi véi thuéc nhudém hoat tinh ¢& 10+50%, 16n
nhat trong cac loai thudc nhuém. Hon nita, mau thuéc nhudém thuy phan gibng mau
thudc nhuém gdc nén nd gay ra van dé mau nudc thai va 6 nhiém nudc thai.
1.1.2.2 O nhiém nwéc thai dét nhuém do thudc nhudm va tac hai ciia né

< O nhiém nuwéc thai dét nhuém do thudc nhudom

O nhim nuéc thai dét nhudm phu thudc cac hoa chat, chat trg, thubc nhudom
va cdng nghé st dung. DPbi véi nude thai dét nhudém thi nguon 6 nhiém do chat trg
va hoa chat dét nhuom cé thé duge giai quyét bang cac phuong phap truyén thong,
trong khi d6, 6 nhiém do thudc nhuom tré thanh van dé chu yéu dbi véi nudc thai
dét nhuom. Thudc nhudém st dung hién nay 1a cac thudc nhudém téng hop hiru co.
Nong do thubc nhudém trong méi truong nude tiép nhan dbi voi cac cong doan dét -

nhuém phu thudc cac yéu té:

e Muc do str dung hang ngay caa thusc nhuom

e Do gin mau caa thubc nhuom Ién vat liéu dét

e Muc d¢ loai bo trong cac cong doan xtr ly nudc thai

e He¢ sb lam lodng trong nguén nudc tiép nhan

Mtc d6 gan mau 1a mot yéu té quan trong, né phu thudc vao do dam mau,
cong nghé ap dung, ty 1& khéi lwong hang nhuém va dung dich nude ding trong
may nhudm, vat liéu dét va thuéc nhudom sir dung. Ton that thudc nhudm dua vao
nudce trung binh 1a 10% véi mau dam, 2% véi mau trung binh va <2% véi mau nhat.

Trong in hoa thi ton that thudc nhudém cé thé 16n hon nhiéu.[13]
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Bdng 1.1: Tén thdt thuéc nhugm khi nhugm cac logi xo sgi[13]

STT| Loaithuéc nhuém Loai xo'sgi | Ton that vao dong thai, %

1 | Axit Polyamit 5+20
2 | Bazo Acrylic 0+5

3 | Tryc tiép Xenlulo 5+ 30
4 | Phan tan Polyeste 0+10
5 | Hoat tinh Xenlulo 10 + 50
6 | Luuhoa Xenlulo 10 + 40
7 | Hoan nguyén Xenlulo 5+20

Cac thuéc nhudm thuong co trong nudc thai xuong nhudm & ndng dod
10+50mg/L. Tuy nhién ndng d¢ ciia chiing trong nudc séng tiép nhan thi nhd hon
nhiéu. Nguoi ta da dua ra gia tri dién hinh trung binh 1a 1mg/L ddi véi mot thude
nhuém don trong dong sdng [13]. P4y chi 1a gia tri trung binh hang nam, rat thap so
véi thuc té. TUy theo mac d6 san xuit nganh dét co nhimg truong hop ndng do
thudc nhudm co thé cao hon. Vi du, cong trinh ciia Hobbs d& mé ta tong quan ndng

d6 thuéc nhuom c6 trong nuée séng ciia Anh [13] nhu sau:
Bdng 1.2: Nong dp thuéc nhudm trong nwéc song la két qud cia thuéc nhugm
thdi logi boi cong nghiép dét nhugm

(Két qua nay khong tinh lwong thudc nhuém bi ban hap phu trong hé théng xir 1y)

) R Nong d¢ thudc nhuém
Pic diem qua trinh Murc do A
trong nwoc song, (mg/L)
Nhuom tan trich sgi bong Trung binh 53
bang thudc nhuém hoat tinh Xau nhat 1555
Nhudm tan trich soi len bang Trung binh 1,2
thudc nhudém axit Xau nhat 364

Vé6i ndng @6 nhu vay, nude thai dét nhudm sé& cé mau thudng rat dam, lam
can trd kha ning xuyén qua cia anh sang mat troi, giam nong do hoa tan oxy trong

nudc. Ngoai ra, thude nhudém duoc san xuét co do 6n dinh hoa hoc va do quang hoa
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cao dé thoa man yéu cau vé do bén mau cua cac nha béan 1é va nguoi tieu ding. Mot
hau qua ciia d6 on dinh d6 1a khi di vao dong thai chung khong dé dang duoc phan
hity boi vi sinh va cac phuong phép xir Iy thong thuong, nhét 1a thudc nhudom hoat

tinh.
% Tac hai ciia viéc 6 nhiém thudc nhuom

Cac thudc nhudém hitu co ndi chung duge xép loai tir it doc dén khong doc
dbi v6i con nguoi (duge dic trung bang chi sé LDs). Cac Kiém tra vé tinh kich
thich da, mat cho thay da s6 thudc nhuém khong gay kich thich véi vat thir nghiém

(tho) ngoai trir mot s6 cho kich thich nhe.

Téc hai gdy ung thu va nghi ngo giy ung thu: khong c6 loai thuéc nhuém
Nao nim trong nhom gay ung thu cho ngudi. Cac thude nhudm azo duge st dung
nhiéu nhét trong nganh dét, tuy nhién chi c6 mot s6 mau azo, chu yéu 1a thudc
nhudém benzidin, ¢ tac hai gay ung thu. Cac nha san xuat chau Au d& ngimg san
Xuat loai nay, nhung trén thyc té ching van duoc tim thay trén thi truong do gia
thanh ré va hiéu qua nhuém mau cao.

Mtrc d6 doc hai vdi ca va cac loai thuy sinh: cac thir nghiém trén cé cua hon
3000 thudc nhudém duge sir dung thong thudng cho thay thudc nhuém nam trong tat
ca cac nhom tur khong dde, doc vira, doc, rat doc dén cuc doc. Trong d6 c6 khoang
37% thudc nhudom gy doc vira dén doc cho ca va thay sinh, chi 2% thuéc nhudém &

murc d6 rat doc va cuc doc cho ca va thay sinh.

Khi di vao nguén nudc nhan nhu song, ho, ... véi mot néng do rat nho thude
nhuém da cho cam nhan vé mau sac. Thudc nhudém hoat tinh sir dung cang nhiéu thi
mau nudc thai cang dam. Mau dam cta nudc thai can trd sy hap thy oxy va anh
sang mit troi, gdy bat loi cho su ho hép, sinh trudng cia cac loai thuy sinh vat. N6
tac dong xau dén kha nang phan giai cta vi sinh dbi véi cac chat hitu co trong nude
thai. Cac nghién ctru cho thiy kha niang phan giai truc tiép thudc nhudém hoat tinh

bang vi sinh réat thap. O Viét Nam, qua so lidu diéu tra tai cic cong ty dét may 16n

12



déu cho théy mau nudc thai dét nhuém chu yéu do thubc nhudm hoat tinh va mot

phan do cac loai thudc nhuém khong tan trich hét khac gay ra.
1.2 C4c phwong phap xir Iy thuéc nhudm hoat tinh trong nwée thai dét nhuém

Phuong phap vi sinh 1a phuong phap kinh té va sinh thai nhat, 1a phuong
phap duoc nghi dén dau tién trong xur 1y nude thai. Nhung véi nhimg dac diém cia
nude thai dét nhudém, nhat 12 nuée thai chira thude nhudm hoat tinh thi mét minh
phuong phap vi sinh khong thé giai quyét duoc van dé. Ngudi ta nghi dén viéc phai
tién hanh tién xr 1y cac chat mau (thuéc nhuém) kho hodc khong phéan giai sinh hoc
trong nudc thai dét nhuom bang phuong phép héa ly, hda hoc rdéi méi xir Iy hoan tat
bang phuong phap vi sinh. D6i v6i thuée nhudm hoat tinh, hién nay trén thé gioi va
tai Viét Nam van chua c6 mot phwong phap tién xir 1y that sy hiéu qua va kinh té vi
dic tinh tan, bén va da dang vé chung loai cua no. Phuong phap oxi hoa, dac biét la
oxi hoa pha long, té ra c6 tiém nang trong giai quyét van dé nay.

1.2.1 Phwong phap héa ly

Cac phuong phap hoa ly don thuan c6 dic diém chung la chuyén chét 6
nhiém (chat mau) tir pha nay sang pha khac ma khong lam bién doi ban chat, cau
trdc chat mau. Do d6, trong xir Iy chat mau thi cac phuong phap hoa 1y ¢6 nhuoc
diém chung l1a khong xir ly triét dé chat mau dé chuyén ching thanh cac chét khong
gay 6 nhiém hozc cac chat d& phan huy sinh hoc hon.
1.2.1.1 Phwong phap keo tu

Hién twong keo tu 1a hién tuong cac hat keo cing loai c6 thé hit nhau tao
thanh nhiing tap hop hat ¢6 kich thuéc va khdi lugng du Ion dé cé thé lang xudng
do trong lyc trong mot thoi gian du ngan.

Phuong phép keo tu dé xtr 1y chat mau dét nhudém 1a phuong phap tach loai
chat mau gay 6 nhiém ra khoi nudc dya trén hién tuong keo tu.

Vé nguyén tic, do co d6 phan tan 16n, dién tich bé mit riéng 16n nén cac hat

keo c6 xu huéng hit nhau nhd cac luc bé mit. Song, do cac hat keo cling loai tich
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dién cling dau dic trung bang thé zeta (&) nén cac hat keo ludn ddy nhau boi lyc day
tinh dién, ngan chung hat nhau tao hat 16n hon va lang xudng. Nhu vay thé & cang
I6n hé keo cang bén (kho két tia), thé & cang nho hat keo cang dé bj keo tu, trong
truong hop 1y tuong khi & bang 0 thi hat khong tich dién va dé dang hat nhau boi

lyc bé mit tao hat 16n hon c6 thé lang duoc. P6 14 co sé caa phuong phap keo tu.

{[mFe(OH)s]nFe®™3(n-x)CI }¥**3xCI

Lép ion nghich
%’_J 6

V. V .
hat nhan I6p hap thu \L o
16p dién tich trai dAu © e

|6p khuéch tan :

~ ~ — Thé nhiét dong ¢, i Lép ion nghich
|
HAT KEO |
|
é zela. — — |
Thé zeta, & o
Lé6p dién kép !
|

| | X
—>7!<-l—

Lép ion quyét dinh
dau hay 16p hap phu

Hinh 1.2: Sw thay déi thé & theo

Hinh 1.1: Cdu tgo hat keo ) .
khodng cach tir be mat hat keo

Pé thyc hién keo tu hé keo, c6 thé st dung céc cach:

- Pha tinh bén cta hé keo do luc day tinh dién bang cach thu hep 16p dién kép téi
thé & = 0, diéu nay duoc thuc hién khi cho hat keo hap phu du dién tich trai dau dé
trung hoa dién tich hat keo. Dién tich trai diu nay thudng 14 cac ion kim loai da hoa
trj trong cac mudi vo co (chat keo tu).

- Tao diéu kién dé cho hat keo va cham véi cac bong két taa cta chinh chit keo
tu nho hién tugng hap phu- bam dinh (hiéu tmg quét)

- Dung nhimg chét cao phan tir - chat trg keo tu - dé “khau” (hap phu) cic hat

keo nho lai voi nhau tao hat c6 kich thudc 16n (bong cin) dé lang.
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% Cac chit keo tu thwong dung:

- Phén nhém Aly(SO,)s.nH,0 (n=14+18), mudi sit Fe,(SO4);.nH,O hoic
FeCls.nH,0 (n=1+6) duoc coi 1a nhitg chit keo tu c¢d dién, trong d6 phén nhdm la
chét keo tu pho bién nhét tai Viét Nam, trong khi d6 mudi sit lai 1a chat keo tu phd
bién & cac nudc cong nghiép phat trién do khoang pH keo tu tdi uu rong hon (5 +
9), bong can ning, bén hon va du lugng sit trong nudce thap hon so voi ding pheén
nhém (pH keo tu 5,5 + 7). DUng phén nhém hodc mubi sit 1am chat keo tu s& xay ra
phan tmg thuy phan tao bong can hydroxit tham gia hiéu tmg quét va pha tinh bén

hé keo:
Al,(SO,); + 6H,0 — 2A1(OH)3| + 6H' + 350,*
Fe,(SO,); + 6H,0 — 2Fe(OH);| + 6H' + 350,%

Tuy nhién do thoi gian tao hydroxit kim loai rat ngan (c& micro gidy) nén cac
ion kim loai AI** va Fe** chua kip thuc hién chire ning chinh 1a trung hoa dién tich

hat keo.

- Polime nhém (PAC): khi hoa tan PAC tao cac hat polime Alyz (thuc chét 1a
A|13O4(OH)247+) c6 dién tich vuot trdi (77) va kich thudc 16n giy keo tu manh, bong

can 16n va thity phan cham nén tang tac dung ca a chdng Ién cac hat keo can xir 1y.

% Cac chat tro keo tu (hay chit tao bong) gém: chat hiéu chinh pH, dung
dich axit silixic hoat tinh, bot dat sét va polime (PAA- polyacrylamit). Céc chat hiéu
chinh pH ¢6 tac dung 6n dinh pH ting hiéu qua keo tu. Axit silixic hoat tinh, bot dat
sét va polime c6 chung dic diém 1a mang dién tich va hat céc hat keo nho mang

dién tich trai diu véi no dé tao bong can 16n.

Céc yéu t6 anh huong dén qua trinh keo tu gom co: pH, cic yéu tb hiu co
(tao phtrc, hap phu) 1am bén hat keo, khudy tron ...

Phuong phap keo tu dugc s dung rong rdi trong xu Iy nudce thai dét nhuom
c6 cac thude nhudm phan tan va khong tan. Day 1a phuong phap kha thi vé mit kinh

thé tuy nhién nd khdng xir Iy duogc tat ca cac loai thubc nhudm: thudc nhudm axit,
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thudc nhudm truc tiép; thuéc nhuom hoan nguyén keo tu tot nhung khong két lang
dé dang, bong cin chat luong thap; thuéc nhudm hoat tinh rat kho xir Iy bang cac
tac nhan keo tu thong thuong va con it dugc nghién ctru. Bén canh d6 phuong phap
keo tu ciing tao ra mot lugng bun thai 1on va khdng lam giam tong chat ran hoa tan

nén gay kho khan cho tuan hoan nuéc.
1.2.1.2 Phwong phap hip phu

Hap phu 1a sy tich lily chat trén bé mat phan cach pha. Chét c6 bé mat trén
d6 xay ra sy hap phu dugc goi 1a chat hdp phuy, chat duoc tich liy trén bé mit 1a
chét bi hap phu.

Dua trén ban chat luc hap phu c6 thé phan loai hap phu vat 1y va hap phu hoa
hoc, trong d6, hap phu vat Iy giy ra bai luc Van der Waals con hap phu hoa hoc giy
ra boi lién két hoa hoc. Do ban chét lwc hap phu nén hap phu héa hoc khong vuot
qua don 16p phan tir cOn hap phu vat 1y c¢6 thé co hién tuong da 16p (pha ran - khi).
Hai loai hap phu nay khac nhau vé nhiét hap phuy, tbc do hap phy, va dang chia y la
tinh dic thl, c6 nghia 1a hap phu vat 1y it phu thudc ban chat bé mat trong khi d6 dé

xay ra hap phu hoa hoc nhat thiét can co ai luc gira bé mat va chét bi hap phu.

Vé cac yéu to anh hudng dén kha ning hap phu thi néi chung chat c6 dién
tich bé mat riéng cang 16n thi kha nang hap phu cang cao. Tuy nhién, dién tich bé
mat riéng mai néi 18n tiém nang hap phu, n6 1a diéu kién can nhung chua di. Dé sy
hap phu xay ra tot, nhat 1a hap phu hoa hoc, thi con phai xét dén yéu té twong thich
vé kich ¢ chat bi hap phu va kich thuéc mao quan chat hap phu (voi vat liéu x6p),
tuong tac, lién két giira chat hap phu va chat bi hap phu. Vi du nhu cac chat hap phu
c6 do x6p 16n, kich ¢& mao quan nho, dién tich bé mat riéng Ién van hap phu khong
hiéu qua ddi véi cac chat mau hitu co cong kénh. Chat phan cuc dé hap phu 18n bé

mat phéan cuc, chat khong phan cuc wu tién hap phu 18n bé mit khong phan cuc
Hap phu c6 thé biéu dién dudi dang mot can bang:

Chét bi hap phu + bé mit < chét bi hap phu lién két véi bé mat
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Dé bicu dién luong chét bi hap phu trén mot don vi chat hap phu (khoi
lugng, bé mit) nguoi ta dung dai luong hip phu ky hiéu 12 a (I hodc o). Pai luong
hap phu 1a mot ham cua nhiét 4o, ndng do hoac ap suat: a = a(T,C) hoac a = a(T, P),

khi ¢ dinh nhiét do trong phuong trinh trén ta dwgc duong hap phu dang nhiét.

Pé mo ta su hdp phy o trang thai can bang ngudi ta thuong dung cac phuong
trinh dang nhiét hap phuy, khi d6, dai lwong hap phu cin bang phu thudc vao nong
d6 chat bi hap phu (pha 1ong) hay ap suat riéng phan cua chat bi hap phu (pha khi)
khi c&n bang. C6 nhiéu phwong trinh dang nhiét hap phu duoc thiét 1ap cho hap phu
trong nhimg truong hop khac nhau (don 16p, da 16p, hap phu vat 1y, hoa hoc, hap
phu trén bé mat phan cach pha ran- long, 16ng- khi...), nhung ddi véi hap phu trén
bé mat phan cach pha ran- long thi quan trong nhat 1a phuong trinh hap phu dang
nhiét Langmuir va phuong trinh hap phy dang nhiét Freundlich:

Phuong trinh Langmuir:

a bC

amax 1+bC

Phuong trinh Freundlich:

a=kC"" (n>1)
Trong do:
a: dai luong hap phu can bang (g chat bi hdp phu/g chét hap phu).

amac dai lugng hap phu cuc dai (g chat bi hip phu khi né che phu
toan bo bé mit chéat hap phu).

C: ndng d6 chat bj hap phu trong dung dich (g/L, mol/L).
k: hang s6 can bang: hap phu < giai hap.
Cac chat hip phu str dung trong xir Iy nude thai dét nhudém:

- Cacbon hoat tinh: chat hip phu pho bién trong xir Iy nudc thai chira thudc
nhudm, dic biét 1a dé hép phu thudc nhudém & giai doan xur 1y tri¢t dé sau keo tu. N6

khong dugc dung don 1é do gia thanh cao va hiéu suat thap trong loai bo cac phén tir

17



mau 16n va doi hoi thoi gian tiép xac. Khi hap phu bio hoa, than hoat tinh duoc tai
sinh, luong ton that ¢& 10 + 15%.

- Céc chat hép phu v6 co khac: dat sét, than bun, silic oxit, mot sb khoang...
cling dugc dung 1am chét hap phu thudc nhuom kha hiéu qua véi gia thanh ré hon
than hoat tinh.

- Céc chat hap phu do mot s cong ty va td chirc ché tao c6 kha nang hap phu t6t
cac thubc nhudm tan, ké ca thudc nhuém hoat tinh. Pién hinh nhu chéat hap phu

Acrasorb D, Macrosorb, Cucurbiturial.

- Sinh khoi: duoc sir dung dé khir mau nudc thai dét nhuém bang co ché hap phu
va trao do6i ion. Tuy nhién néu khong dugc xir Iy hoa hoc thi kha ning hap phu
thubc nhugm anion cia sinh khéi rat thap. Chitin (polisacarit cdu tao gidng
xenllulo) va chitosan (chitin d4 loai axetyl) dugc biét dén nhiéu nhat vé kha ning
hép phu nhiéu loai thudc nhudém nhu: thubc nhudém phan tan, truc tiép, axit, hoan
nguyén, luu héa va ca thudc nhudom hoat tinh. Ngoai ra nguoi ta con ding xenlulo
bién tinh va lignoxenlulo dé hap phu thudc nhudém axit va thuéc nhuom cation. Cac
vat liéu thién nhién nhu 16i ngd, mat cua, than cAy mia, triu, ... cling duoc thir
nghiém kha nang hap phy thudc nhudm.

Hap phu 1a phuong phap duoc nghi dén nhiéu trong xtr 1y thudc nhudém hoat
tinh, tuy nhién nhuoc diém ciia phuwong phap nay nam trong chinh ban chat cia né
la chuyén chat mau tir pha nay sang pha khac va doi hoi thoi gian tiép xuc, tao mot
luong thai sau hp phy, khong xt 1y triét dé chat 6 nhiém.
1.2.1.3 Phwong phap loc

Céc k¥ thuat loc thong thuong 12 qué trinh tach chat ran ra khoi nude khi cho
nuéc di qua vat liéu loc ¢d thé giir cin va cho nude di qua. Cac k¥ thuat loc thong
thuong khong xtr Iy duoc cac tap chét tan néi chung va thudc nhudém noéi riéng.

Cac k¥ thuat loc mang, c6 thé tach dugc thudc nhudém tan ra khoi nude thai

dét nhudém gom co Vi loc, siéu loc, tham thau nguoc va dién tham tich. Biém khac
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biét giita ba ki thuat trén 1a kich thudc hat ma ching cé thé loc duge. Qua trinh vi
loc c¢6 duong kinh 16 mang tir 0,1+10 pm, siéu loc c6 kich thudc 16 mang trong
khoang 2 = 100nm, con trong tham thau nguoc 16 mang c6 kich thic tir 0,5 + 2nm.
Siéu loc co thé loc duoc cac phan tir & kich ¢& nano, cling voi cac hiéu tng hap phu,
tao mang thir cap, siéu loc cho phép loc cac phan tir. Trong phuwong phap tham thau
nguoc, mang chi cho phép nude di qua trong khi mudi, axit va cac phan tir hiru co
khong di qua do dat vao dung dich nude thai can xir Iy mot ap suat 16n hon ap suat
tham thiu cua dung dich d6. Trong cac k¥ thuat mang thi ky thuat siéu loc c6 thé
loai bé cac chat tan voi khdi lugng phan tir 16n ¢ 1000+100.000 g/mol. Tuy nhién
n6 khdng loc dugc cac loai thude nhudm tan va c6 phan tir luong thap. Viéc loai bo
c4c loai thuéc nhuém nay duoc thyc hién bang phuwong phap loc nano va thim thau
ngugc. Loc nano d4 dugc chimg minh 12 ¢6 thé tach thudc nhudm hoat tinh ¢ khoi

lugng phan tir khoang 400g/mol ra khoi nudce thai.[17]

Tuy vé6i nhitng uu diém trén nhung gia thanh ciia mang, thiét bi loc cao va

nang suét thap do thudc nhudém lang xudng 1am ban mang.
1.2.2 Phuwong phap sinh hoc

Co s6 cua phuong phap sinh hoc 1a sir dung céc vi sinh vat dé phan huy cac
hop chat hitu co trong nude thai. Phuong phap sinh hoc dit hidu qua cao trong xir Iy
nudc thai chira cac chat hitu co d& phan hay sinh hoc véi pH, nhiét do, ching vi
sinh thich hop va khéng chira cac chéat doc 1am e ché vi sinh. Tuy nhién nudc thai
xuéng nhuém chira thudc nhudém rat bén vi sinh hau nhu khong bi phan hity sinh
hoc. Vi vay dé xtr 1y nudc thai dét nhudm can qua hai bude: tién xir Iy chét hitu co
khé phan giai sinh hoc chuyén chiing thanh nhiing chat c6 thé phan huy sinh hoc,
tiép theo 1a dung phuong phép vi sinh.

Xir 1y sinh hoc ¢6 thé 1a xir 1y vi sinh hiéu khi hodc yém khi tly thudc vao su
c6 mat hay khong c6 mit oxy. Qua trinh yém khi xay ra sy khir con qué trinh hiéu
khi xay ra sy oxy hoa cac chét hitu co. Qua trinh yém khi c6 thé chay véi tai lugng

hitu co 16n, loai bé mot lwgng 16n cac chat hitu co dong thoi tao ra khi sinh hoc, tiéu
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tén it nang lwong. Luong bln thai cia qua trinh yém khi rat thap. Tuy nhién, hiéu
qua khir mau cua qué trinh nay khong cao (d6i véi thuéc nhudm axit 12 80 — 90%,
thudc nhudm truc tiép 1a 81%). Nguoc lai, qua trinh hiéu khi c6 hiéu suat cao trén

85% nhung no lai tiéu ton nang lwong cho suc khi va tao lugng bun thai 16n.[17]

C6 thé sir dung qua trinh vi sinh yém khi dé khir mau thudc nhuom azo va
c4c thuéc nhudm tan khac dé tao thanh amin twong tmg. Song cac amin tao ra co

tinh doc 16n hon thudc nhudém ban dau tirc 1a c6 mic d6 6 nhiém cao hon.

Ngudi ta ¢ thé sir dung két hop hai qué trinh trén: yém khi 1am giam d6 mau
va Xt 1y hitu co néng d6 cao, tiép theo 1a hiéu khi dé oxy héa cac amin sinh ra boi

cac qua trinh trude.

Ngoai ra nguoi ta co thé khir mau thuéc nhuom bang viée sir dung cac vi
khuan, ndm, tao va ndm men. Co ché cta qua trinh nay thudng di tir hip phu thudc

nhudm 18n sinh khdi té bao rdi phan giai chat mau bang hé enzim.
1.2.3 Phwong phap dién hoa

Phuong phép nay d& dugc ung dung dé xir Iy nudc thai dét nhudém. Phuong
phap nay dua trén co sé qua trinh oxy hoéa/ khir xay ra trén cac dién cuc. O anot,
nudc va cac ion clorua bi oxy hoa din dén su hinh thanh O,, O, Cl, va céc gbc 1a
tac nhan oxy hoa cac chat hiru co trong dung dich. Quaé trinh khir dién hoa cac hop
chét hiru co nhu thudc nhudém, & catot, két hop v6i phan tmg oxy héa dién hoa va
qua trinh tuyén noi, keo tu dién hoa dan dén hiéu suat xtr Iy mau va khoang héa cao.
Phuong phap dién hda voi dién cuc nhom hodc sit 14 cong nghé xur Iy hiéu qua do
mau, COD, BOD, TOC, kim loai ning, chat rin lo lirng. Nghién ctru cho thay hiéu
suat xir Iy cac loai nudc thai tir xwéng nhuém chira nhiéu loai thudc nhudém khac
nhau ¢ kha nang dat t6i 90%. Pay 1a phuong phap dugc ching minh hiéu qua dbi
véi viée xir Iy d6 mau, COD, BOD, TOC, kim loai ning, chat ran lo limg cta nudc
thai dét nhuom. Tuy nhién phuong phap dién hoa cé gia thanh cao do tiéu tén ning

lurong va kim loai lam dién cuc.
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1.24 Phuwong phap héa hoc

Uu diém ndi bat ciia cac phuong phap héa hoc so voi cac phuong phap hoa
ly 12 bién do6i, phan huy chat 6 nhiém (chat mau) thanh céc chat dé phan huy sinh
hoc hodc khong 6 nhidm chir khong phai chuyén chiing tir pha nay sang pha khac.
So vé6i phuong phap vi sinh thi tdc do xir 1y chat thai bang phuong phap hoa hoc

nhanh hon nhiéu.
1.2.4.1 Khir héa hoc

Pugc timg dung trong trudng hop nudc thai chira cac chat dé bi khir. Phuong
phap khir hoa hoc hiéu qua voi cac thude nhudm azo nho phan giai lién két azo tao
thanh cic amin thom khong mau c6 khan nang phéan giai vi sinh hiéu khi tt hon

thudc nhuém géc.

Khir hoa hoc trén co sé natri bohidrid, xuc tac bisunfit ap dung véi thude
nhudm tan trong nudc nhu thuéc nhudm tryc tiép, axit, hoat tinh chira cdc nhém azo
hodc cac nhom khir duge va thude nhudm phirc déng. Quy trinh nay c6 thé khir mau
trén 90%. [17]

1.2.4.2 Oxy hoa hoa hoc
a. Oxy hoa bang cac tic nhian oxy héa thong thuwong

Cac chat oxy hoa thong thuong nhu clo, clodioxit, natri hipoclorit, kali
permanganate, ozon, dicromat, hidropeoxit... ¢ thé dugc ding dé oxy hoa cac chat
6 nhiém no6i chung va thuéc nhudém noi riéng. Qua trinh oxy hoa tiéu ton mot luong
I6n tac nhan oxy hoa, do d6, qué trinh oxy hoa hda hoc chi dugc s dung trong
truong hop khi chat 6 nhiém khong thé loai bo bang cac phuong phap khac. Kha

nang oxy hoa dugc xac dinh boi thé oxy héa:

Bdng 1.3: Thé oxy héa ciia mét sé cdp oxy héa/ khi

Cap oxy hoa/khir | 0s/0% | OH/O* | Cl/2CI" | H,0,/H,0 | KMnO,/Mn%*

Thé oxyhéa (V) | 2,07 2,8 0,94 0,68 0,59
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- Clo hoa duoc danh gia cao vé hiéu qua xir Iy mau nhung khi sir dung & nong
d6 cao dé khir mau s& dé lai du luong clo 16n trong nudc thai. N6 ¢6 thé khir mau
nhanh thudc nhuom axit va thuéc nhuém hoat tinh. Véi thuéc nhudém phén tan va
thudc nhudm truc tiép thi ngay ¢ nong d6 clo cao ciing khong thu dwgc hiéu qua
dang ké. Nhin chung, clo khong dugc ua thich trong xir Iy mau nude thai vi sinh ra

cac hop chét co clo gay ung thu va doc hai voi méi trudng.

- Ozon la chit oxi hoa manh va c6 thé oxi hoa thudc nhudém trong nudc thai ma
khéng sinh ra cac hop chit hitu co thir cép doc hai. pH < 5, ozon ton tai & dang O;
va oxi hoa chon loc ndi doi trong thudc nhuém. pH > 8, ozon phan hiy tao gbc tir
do OH’ phan tmg khong chon loc véi cac chat hiru co (theo co ché cua qué trinh oxi
hoa tién tién). Ozon c6 hiéu qua nhét trong loai bo thudc nhudm hoat tinh. Nhuoge
diém 16n nhat ciia phuong phap nay nam & gia thanh cao va thoi gian ton tai cia

0z0n ngén, chi phi cho thiét bi tao 0zon cao.

KMnO,, H,0, Ia chit oxi hoa co thé oxi héa chua da cao dé phan huy cac
thudc nhudm. Hon nita, chi phi hoa chat néu sir dung hai chat oxi hoa nay la kha
I6n.

b. Oxy hoa tién tién (Advanced Oxidation Processes - AOPS)

CAac qua trinh oxi hoa tién tién dua trén sy tao thanh cac gdc tu do hoat dong
nhu OH', goc tu do nay dong vai trd mot tic nhan oxi hoa khéng chon loc. Trong
cac qué trinh nay, su khoang hoa hoan toan thu duoc & diéu kién nhiét do 4p suat

binh thuong,

Cac qua trinh oxi hoa tién tién phan biét nhau & cach thirc tao ra goc tu do.
Godc tu do c6 thé duoc tao ra bﬁng nhiéu cach: chiéu tia UV, su phan ly cua H,0,

(co xuc téc), Os.
e Cac qua trinh quang hoa
Goe tu do duogc tao thanh dudi tac dung cta biic xa tir ngoai:

- Quang hda khong xuc tac: birc xa tir ngoai nang lugng cao dugc hap thu boi
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céc phan tir, dua phan tir chat hap thu 18n trang thai kich thich. O trang thai nay kha
nang phan mg ciia né 1a rat 16n, nd phan hiy cho cac chat it doc hon hoic khoi mao
phan mg day chuyén phan huy céc chat hitu co trong hé. Phan ung tao thanh gdc
OH":

hr
H,0 — H'+OH'

- Quaé trinh quang phan UV/ H,0,: sir dung btic xa tir ngoai dé phan ly lién két
trong H,0, tao ra gdc OH’. Co ché quang phan trong truong hop nay 1a su bé giy
lien két O - O do hap thy burc xa tir ngoai, hinh thanh hai goc OH:

hv .
H202 — 20H

- Qua trinh xuc tac quang hoa: xdc tac thuong 1a chat ban dan nhu TiO, dang
anatase. Chat ban dan hap thy ning luong anh sang phl hop véi khoang cach ning
lwgng gitra hai ving dan - khéng dan tao ra cip e - 15 tréng.

Ti0, S5 & +h* , h* 1213 tréng

Cip e - 15 trong dong vai trd hé oxi hoa — khir trén bé mat chat ban dan, thuc
hién phan rng oxi héa khir phan hiiy cac chét hitu co. Thém vao d6 OH' ciing duoc
sinh ra trong qué trinh nay, do d6 chét hiru co khéng chi bi phan huy bdi phan tng
oxi hda khir ma con bai phan tng véi goe tu do OH™:

TiOo(h")H,0ny — TiO, + 20H", + H*
TiO,(h") +OH pppm — TiO; + OH,
TiO,(h") + RXhp — TiO2 + RXyp
o Ozon hoa

Ozon hoa dugc xem 1a mot trong nhiing qua trinh oxi hoa tién tién o pH
kiém do céc chét hiru co bi oxi hda bai goc ty do hoat dong duoc tao ra trong qua
trinh phan hity ozon. Thuc ra trong mdi qua trinh ozon hoa, chat hiru co bi oxi hoa
mot phan do phan ung caa cac gc ty do, mot phan 1a sy ozon hda truc tiép chat

hitu co. Boi I, 0zon 1a chat oxi hda manh hon oxy, va vé mit ly thuyét , khéng c6
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hop chét hitu co nao khong bi oxi hoa béi ozon. Nhuge diém Ié6n nhat caa phuong
phap nay la kho khan trong viée thu dugc ozon va sy nhay cam pH cua qué trinh
[Ullmann, 1995]. Hién nay, ozon hoa duoc sir dung & cong doan lam trang trong

san xuat giay.
Cac qué trinh ozon hoa goém co:
- Qua trinh UV/O3: qué trinh ozon héa duoc hd trg bang viée chiéu anh sang tir
ngoai dé tang hiéu qua tao OH’ hay tao 20H"véi nong d6 cao hon.
har .
H,0+03; — 20H + O,

- Quaé trinh H,0,/03: phan tng giita O3 va H,0, ting su tao thanh gbc OH'.
Trong truong hop ndy, ngoai gbc OH® con c6 géc HO,' (tao ra tir H,0,). Vi vay
phan (mg oxi hoa chat hitu co dat hiéu qua cao hon.

N
H,0,+ 205 — 20H" + 30,

- Quaé trinh H,0,/UV/O;: 1a su két hop cua cac qua trinh UV/O3, H,0,/0,
UV/H,0, dé thu dugc hé bac 3. Pay la qua trinh hi¢u qua nhét trong xir Iy nudc thai
6 nhiém nang va cho phép giam TOC, khoang héa hoan toan chat 6 nhiém. Co ché
tao gbc tur do duoc chi ra trong phan tmg:

-
H,0,+20; — 20H" + 30,
e Cac hé Fenton (H,0,/Fe*") va hé kiéu Fenton (H,0,/Fe*"):

L& c4c hé phan tng trong d6 gbc tur do OH' dugc tao ra do su phan ly cia

H,0, xuc tac boi Fe?*, Fe®":

Fe** + H,0, — Fe** + OH + OH’
H,0, + OH' — HO, + H,0

Fe** + HO," + H,0 — Fe®* + O+ H;0"
Géc OH'sinh ra tan cong cac hop chat hitu co:

OH'+RH — R+ H,0
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R+ Fe® —R"+ Fe**

O pH thép s& din ra phan tmg tai tao Fe**, khi d6 Fe** dong vai trd xdc tac

that sy cho phan ung phan huy H,05:

Fe*" + H,0, — H + FeOOH*"
FeOOH?* — HO," + Fe?

Ngoai ra con c6 cac hé trén co s¢ hé Fenton c6 st dung thém UV hoac oxalat
dé tang cuong phan Gng oxi hoa cac hop chat hiru co, hé quang Fenton tai tao xic

t4c nho bire xa tir ngoai: Fe(OH)?* — Fe?* + OH' .

Phan tng Fenton duoc phat hién tir 1894 nhung cho dén gan day méi duoc
quan tim nhu mot phuong phap kha hiéu qua dé xir Iy 6 nhiém chat hitu co. Hé
Fenton c6 kha ning xir Iy thuéc nhudm tan (hoat tinh, axit, truc tiép), thubc nhudém
khong tan (hoan nguyén, phan tan) ngay ca khi nuéc thai c6 ndng d6 mau cao. Sy
oxi hoa ciing 1am giam COD cua nudc thai dong thoi ting kha nang phan hay sinh
hoc cta cac san pham sau phan tng. So sanh véi cac qua trinh oxi hoa - khir xtr 1y
thudc nhuém nhu dién hoa, ozon, hypclorit thi Fenton dat duoc hiéu qua xir 1y tot
nhat. Nhuoc diém ctia phuong phap nay 13 san sinh lwong bun thai 16n tir qua trinh
keo tu cuia chat phan ing voi thuéc nhudém. Hon nita, do hé Fenton thyuc hién & pH
axit ¢& 2,5+4 nén sau phan mg t6n hoa chat dé trung hoa lai nudc thai da xu 1y.
1.2.4.3 Phwong phap oxy hoa pha léng (WO)

Oxi hoa pha long 1a qua trinh oxi hda boi cac goc tu do xdy ra khi mot dung
dich chira cac chat hitu co (hodc vo co) dugc khudy tron tot véi khi oxy hodc tac
nhan oxi h6a khac & nhiét do khoang 150°C dén 325°C. Ap suét 20 + 210 at duogc
dit vao hé dé tang cudng phan tmg va kiém soat su bay hoi.

Qua trinh oxi hoa pha léng thich hop dé xtr 1y nudc thai chira chat 6 nhiém
nong do cao nhung 1a lodng ddi véi cac phuwong phap thiéu dot va bén véi su oxi

hoa hoa hoc thong thuong hodc bén véi phan giai vi sinh.
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Phuong phap nay thu dugc két qua xir Iy tot néu nhu cac diéu kién nhiét do,
ap suat dugc tdi vu héa. Tuy nhién day 1a phuong phap c6 chi phi kha cao néu thuc
hién ¢ nhiét do, ap suat cao (chi phi thiét bi, ning luong,...). Vi vay, tly thudc vao
yéu cau xir Iy ma can ddi giita mirc d6 oxi hoa can thiét va chi phi xu 1y.

Oxi hoa pha long trudc t6i han (Wet oxidation — WO) duoc thyc hién & diéu
kién trude diém téi han cia nude (T < 375°C, P<22,1MPa). WO ¢ thé thuc hién
véi chat oxi hoa la H,O, (wet peroxide oxidation - WPQ) hoic oxy khong khi (wet
air oxidation - WAO). Viéc st dung oxi khong khi 1am chét oxi hoa 1am cho chi phi

ctia phuong phap WAO thap hon nhiéu so véi phuong phap WPO.

Oxi hoa pha long siéu t6i han (Supercritical wet oxidation - SCWO) duoc
thue hién & diéu kién trén diém toi han ctia nude (T < 375°C, P<22,1MPa). Phuong
phap nay cé chi phi vé ning luong cao hon cac phuong phap WO.

Phuong phap WO str dung xtic tac nham ha nhiét 46 va &p suat ciia qua trinh
oxi hoa pha long dugc goi 1a catalysis wet oxidation (CWO).

Duéi day 1a bang so sanh cac dic diém chinh cia 3 qué trinh oxi hda pha

long quan trong dé thay 18 duoc su khac nhau gitra chiing;

Bdng 1.4: Dic diém chinh ciia cdc qud trinh oxi hda pha léng quan trong

Pic diém WO SCWO CWO
Nhiét d (°C) 200-325 370-570 130-250
Ap suit (bar)’ 20-210 220-270 20-50
Thaoi gian luu (phut) 10-90 1-10 10-60
Chuyén héa (%) 80-99 99-99,999 90-98
. CO,, H,0, N,, cac
San phﬁm P . COz, Hzo, N2 COz, Hzo, Nz
Muoi va axit hiru co

*1bar = 101,3kPa ~ lat

Tir cac s6 liéu trong bang trén ta thidy: WO va SCWO duoc thuc hién & nhiét

d6 va &p suat rat cao dan dén chi phi thiét bj va van hanh cao. Véi viéc sir dung xic
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tac cho qué trinh WO, nhiét do, ap suat va thoi gian luu déu giam dang ké ma van

thu duoc két qua nhu WO truyén thong.

Qué trinh CWO méi duoc nghién ctru chwa nhiéu, bang 1.5 tom luoc mot sd

xuc tac cho qué trinh nay.

Bdng 1.5: Xac tac cho qué trinh CWO

Tac gia XUc tac Tac nhan oxi Chat & nhiém
hoa chinh
Wu et al., 2000 Pong/MCM-41 | Oxy Phenol
Hocévar et al., 2000 | CuO-CeO, Oxy Phenol
. PtXAg]__
Hamoudi et al., 2000 Oxy Phenol
XMn02/C602
_ Cac hop chat chira
Hussain et al., 2001 | K-Mn-Ce-O Oxy
nhom chitc CHO
Xiao et al., 2000 Cu,(OH)PO, H,0, Hop chat thom
Batygina et al., 2000 | Ru Khong khi Chat hiru co
Smith & Diehl, 1960 | Khéng xdc tac HCIO; va HIO; | Xenlulo, duong ...
Weichgrebe & . o . .
Khéng xuc tac H,0, va Ozon Chat htru co
Vogelpohl, 1994
Fajerweg et al., 1997 | Fe-ZSM-5 H,0, Phenol

Uu diém cia phuong phap oxi hoa pha long 1a n6 khéng tao ra nhiing san

pham thir cdp gay doc nhu cac hop chat SO,, NO,, furan...

Phan tmg oxi hdéa pha long khéng thuong dugc st dung nhu mot phuong
phap doc lap trong xir 1y cc chat 6 nhiém boi 18 n6 thudng khong oxi hoa chét hitu
co dén san pham cudi cing 1a CO, va H,0 ma né thuong duge dung két hop véi cac
phuong phap khéac. Trong su két hop d6, oxi hda pha long oxi hda khéng hoan toan
chat 6 nhiém, chuyén no vé dang d& phan giai sinh hoc hon dé dua vao xtr 1y vi

sinh. Sy két hop nay vira khic phuc dugc kho khan ciia phuong phap vi sinh trong
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xtr 1y chat 6 nhiém kho/ khong phan hiy sinh hoc, vira giam chi phi xtr Iy. Khong
chi duoc str dung nhu mot phuong phép tién xir 1y cac chat hitu co doc, bén ma oxi
hoa pha long con c6 tmg dung trong tai sinh than hoat tinh ma lam giam rat it hoat
tinh caa than. Trong mot s6 trudong hop, phuong phap nay con duoc dung dé xir ly
chéat 6 nhiém nong do rat cao sau qua trinh loc mang. Nhitng tmg dung cta oxi hoa
pha long déu c6 mot diém chung 13 oxi hda khdng hoan toan chat 6 nhiém bén,

nong do cao.

Véi nhitng vu diém vé kha nang xur Iy cac chat hitu co bén hoic doc, phuong
phap CWAO duogc ching t6i lwa chon nghién ctru nhu mot phuong phép tiém nang
trong xur Iy nudc thai chira ndng do cao chat hitu co khé phan hiy sinh hoc noi
chung va nudc thai dét nhudém chira thudc nhudém hoat tinh noéi riéng.

1.3 Gi6i thiéu vé phwong phap CWAO
1.3.1 M@t s6 dic diém cia phwong phap WAO va CWAO

WAO gin lién véi sy oxi hoa cac hop chat hitu co (ké ca cac hop chit vo co
c6 thé bi oxi héa) & pha long sir dung oxy tinh khiét hodc oxy khong khi 1am tac
nhan oxi hoa dudi ap suét, nhiét do cao. Khi qua trinh WAO duoc hd trg boi xic tac

nham giam nhiét d6 va ap suét cta qua trinh thi duoc goi 1a CWAO.

Nhiét d6 va &p suat ciia phan mg khong ¢ dinh (bang 1.6) nhung c6 mot
diém chung 1& &p suat thuong dugc giit 10n hon ap suit bdo hoa cia dung dich tai

nhiét d6 twong tng dé dam bao phan tmg xay ra trong pha long.

Bing 1.6: Diéu kién thwe hign WAO béi cdc nhom nghién civu trén thé gici

Tac gia Nhiét @6 (°C) Ap suit (bar, at)
Li va cac cong su, 1991 150- 350 20- 200
Mishra va cac cong su, 1995 125- 320 5- 200
Beyrich va cac cong su, 1979 150- 300 50- 200
Escalas va cac cong su, 1997 175- 320 22- 208
Debellefontaine va cac cong su, 200- 325 > 150
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2000

Perkow va cac cong su, 1981 150- 330 30- 250

Foussard va cac cong su, 1989 197- 327 20- 200

NGi chung nhiét do phan tng dao dong tir 120°C dén 350°C, 4p suat phan
mg dao dong tir 5 at dén 200 at, thoi gian phan g bién ddi tir 15 phat dén 120
pht va gia tri COD sau xir Iy giam 75% dén 90%.

Gia tri COD cua chat thai dua vao xtr Iy bang WAO thudng rit cao: 20g/L
dén 200g/L. Véi gia tri COD 16n nhu vay, nang lugng téa ra do phan ung oxi hoa
du dé bu nang luong can dé dua nude thai 1én nhiét do phan tng. Pay 1a mot loi thé

ctia phuong phap WAO khi xtr Iy chét thai hitu co dam dic.

Trong qué trinh phan tng, chat hitu co bi oxi hoa tao thanh CO,, va cac hop
chéat trung gian khong doc khac. N chuyén thanh NHz, NOj, N,; céc hop chat
halogen va sunfua chuyén thanh halogenua va sunphat. San pham cta phan Ung
thuong 13 nhitng chat hitu co bi oxi héa mot phan c6 phan tir khdi nho hon va kha
nang phan giai sinh hoc cao hon nhu cac axit hiru co, aldehit, ruou — nhirng hop
chat ma it doc hon chét hiru co ban dau. Nhu da ndi ¢ trén, WAO khong tao ra cic
chét 6 nhiém thir cAp nhu cac hop chéat SO,, NOy, furan... Tuy thudc vao d6 bén oxi
héa cia chét hitu co, cac hop chat hitu co duge chia thanh cac hop chét hiru co dé bi
oxi hoa va c4c hop chét hitu co khong dé bi oxi hoa. Pdi vai quéa trinh WAO céc
hop chit hiru co no, dan Xuét no cua clo, cac hop chit hitu co thom hoic dan Xuét
thom cua clo khong chira nhom chirc halogen (phenol, anilin) dé bi oxi hoa. Nguogc
lai cac hop chat hiru co thom chira nhém chirc hit electron nhu nhém halogen hodc

nitro thi kho bi oxi hoa bai qua trinh WAO hon.
1.3.2 Cac giai doan trong qua trinh WAO
Mot cach tong quat qua trinh WAO lién quan dén ba pha:
- Pha long: xay ra phan ung.

- Pha ran: chtra céc chat ran lo ling nhu xtc tac, chat 6 nhiém, cac hat keo.
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- Pha khi: chira chat oxi hoa (oxy) — chat s& khuéch tan vao pha long dé thuc
hién phan tng. Vi vay van dé chuyén khéi c6 thé gay kho khian cho viéc thuc hién
phan tmg.

Céc giai doan trong qua trinh WAO gom co:

1) Khuéch tan oxy tir pha khi vao pha long qua bé mit phan cach pha. Budc nay
c6 can tro dang ké dén tdc d6 phan ung.

2) Khuéch tan cta cac chét hiru co tir pha ran vao pha léng. Budc nay khong
lam anh huéng nhiéu dén toan b phan tmg vi nhiét do cao lam ting toc do hoa tan,
khuéch tan cta chit rin vao pha long.

3) Phan tng: phan tmg oxi héa pha léng xay ra trong pha long. Téc do phan
tmg phu thudc vao nhiéu yéu té: T, P, xuc tc.

4) Sy khuéch tan cta cac san pham khi tao thanh trong pha long: CO, duoc tao
ra trong qua trinh phan tng chuyén tir pha 16ng sang pha khi. Qua trinh nay khéng
can tr¢ toan bo phan ung.

Ngudi ta quan tim dén ba truong hop chinh sau:
1) Tdc d6 phan tmg >> téc d6 khuéch tan. Khi oxy khuéch tan qua bé mat phan
cach pha sé& bi tiéu thy hét ngay trong phan mg oxi hoa pha long vi vay nong do

oxy trong thé tich bang khong.

Bé mit phén c4ch pha
—

Lép Lop!
l()nge

Pha 1éng
Pha khi

[A]=0

Hinh 1.3: Se’ d6 phdn #ng logi 1)

2) Téc d6 phan tmg ~ téc d6 khuéch tan. Phan Ung xay ra trong thé tich pha
long nhung néng do oxy hoa tan thap dan do phan Umg trong trudng hop nay su

chuyén khéi kiém soét toan b qua trinh.
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Bé& mit phan cach pha
—

Pa

lbng: Phalong

Hinh 1.4: So’ do phdn #ng logi 2)

3) Tdéc d6 phan tng << téc do khuéch tan. Phan Ung xay ra rat cham vi vay
nong do oxy tan trong thé tich chat long xap xi nong do ¢ bé mat phan cach pha,
hay n6 chinh bang ndng d6 oxy bdo hoa. Trong trudng hop nay toc do phan tng

kiém soat toan bo qua trinh.

B& mit phan cach pha
f_)%
{ Lép Lop|
Pa ! khi | 1ng! Phalong
A . khi |
Pha khi [Als [A]

Hinh 1.5: Se' d6 phdan ing logi 3)

1.3.3 Co ché phan {tng oxy héa pha léng

Co ché gdc ty do to ra phl hop voi qua trinh oxi hoa pha long cua cac chat
hitu co & diéu kién truwdc toi han. Co ché gbe tu do ciia phan tng nay cd thé miéu ta
mot cach tong quat trong so d6 hinh 1.6.

Rugu —» CO,, H,0

, 0]
Chét hituco ——» Céc peoxit 0O, TOZ
\ Xeton _____, Axit axetic
Andehit

Hinh 1.6: So' do chuyén héa ciia qud trinh oxy hoa pha léng

Theo Li va cé4c cong sy, co ché phan tmg di qua cac budc sau:
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1) Hinh thanh géc tu do

- Hinh thanh HO," 1a budc dau tién trong phan tng day chuyén. Géc ty do HO,®
duogc tao thanh khi oxy phan tmg véi lién két C-H yéu nhat cta hop chat hiru co
RH. Géc tu do nay tiép tuc tan cong vao cac lien két C-H hinh thanh gdc tu do ciia

hop chat hitu co va H,0,:

RH+ O, - R+ HO,
RH + HOZ. — R. + H202

- Phén g hinh thanh gbc tu do thir cip HO" xay ra khi H,O, phan huy. Sy phan
hiy tao gdc tu do rat hoat dong HO' Xay ra & bé mat binh phan tng hodc trén bé mit
xuc tac (M). Do nhiét do cao nén phai tinh dén ca sy phan huy nhiét H,O,:

H,0, + M — 20H’
H,0, — H,0 +% O,
2) Phan tng day chuyén, oxi hoa cac hop chat hiru co:
RH+HO — R+ H,0
R"+ O, —» ROO’
ROO" + RH — ROOH + R’
3) Ngét mach

Phan tmg két thiic khi hidropeoxit phan tng véi hop chat hitu co tao rugu

hoic xeton ma cubdi cling 1a axit hiru co:

ROOH — 2 ROH (ruou)

ROOH — cac xeton — cac axit hitu co.

Phan tng ngat mach tiép dién cho dén khi tao thanh axit axetic va axit formic
— hai axit kho bi oxi héa trong diéu kién phan mg. Nhiing axit c6 mach cacbon

ngan nay c6 thé tao thanh san pham cudi ciing 1a CO, va nudc.
1.3.4X0c tac cho qua trinh oxy hoa pha léng

Quaé trinh oxi hda pha long dugc phat hién tr nam 1915 nhung do nhiing

nhugc diém cta né nén dén nhig nam 1960 thi méi c6 mot vai nha may xu 1y bun
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thai bang phuong phap WAO. Ngay nay c6 khoang hon 130 nha may xir 1y bun thai
va tai ché cacbon hoat tinh dwa trén qué trinh oxi hda pha long duoc xay dung &
chau Au va My. Bé mé rong tng dung cia WAO sang linh vuc xtr Iy nudc thai
cong nghiép thi can thiét phai giam bot tinh khac nghiét ciia diéu kién nhiét do, ap
suat phan tmg. Sir dung xtic tac chinh 12 mot cach tiép can hiéu qua va tiém nang.
Khi d6 qua trinh WAO dugc biét dén dudi ten goi oxi hoa pha long cb xuc tac
(CWAO). Mau chét trong cach tiép can nay la phai tim dugc/tong hop dugc mot
xUc tac phd hop. Y&u cau véi xuc tac 1a: ¢6 hoat tinh xdc tac oxi hoa cao, bén trong
diéu kién phan tmg va gia hop 1y. Trong truong hop xir Iy nudc thai thi van dé chi
phi cang tro nén quan trong, nén s& c6 can ddi va téi vu nhitng yéu cau dbi véi xic

tac dé thu dugc mot xac tac phi hop cho muc dich xir Iy nude thai.
1.3.4.1 Xtc tac dong thé

Xic tac dong thé cho phan tmg CWAO ciing d4 dugc mot sé nha khoa hoc
nghién ctru. Trong sb cac xtc tac ddng thé Fe?*, Fe®*, Cu®™*, Ni**, Ag* va Cr** ¢

hoat tinh xtc tac cho phan g oxi hoa phan hity cac hop chat hitu co.

Tuy nhién xuc tic dong thé gap phai mot nhuge diém 16n 12 van dé thu hoi
sau phan tmg. Pbi véi xir Iy moi trudng, néu khong thu hodi duge xuc tac (kim loai
nang) thi s& ddn dén 6 nhiém th{r cap cac kim loai nang. Chinh vi thé xuc tac dong

thé khong dugc ua thich trong xir Iy nuée thai bang phan img WAO.
1.3.4.2 Xuc tac di thé

XuUc tac di thé phd bién hon trong xir Iy méi truong noéi chung va trong qua
trinh oxi hoa pha long dé xir 1y chat thai néi riéng. Uu diém 16n nhét cta viée sir
dung xuc tac di thé 1a kha ning thu hdi va tranh cac 6 nhiém thir cap. Xic tac di thé
dau tién dugc dua vao qué trinh WAO thudc vé nhom kim loai quy: Pt, Pd, Rh...
Do yéu cau gia thanh xir Iy va muc dich ing dung WAO vao xir 1y chat thai, xtc tac
di thé di tir cac oxit kim loai chuyén tiép ré tién hon dugc nhiéu nhém nghién ciu

chay.
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% Nhom cac kim loai quy

P4 tir 1au ngudi ta biét rang Pt, Pd, Rh 1a ba kim loai chuyén tiép c6 hoat tinh
xUc tAc cao nhat cho phan tmg oxi héa. Pdi véi phan tmg WAO kha nang xuc tic
cua Pt, Pd cling d& dugc ghi nhan boi Muller and Schwabe (1930), Heyns and
Paulsen (1975), Kolotusha, Goroghovatski and Shalya (1975); Chowdhury va Ross
con nhan thiy Pt c6 hoat tinh cao nhat trong cic xuc tac ran. Tuy nhién, viéc sir
dung cac kim loai quy gap phai mot tro ngai 1on vé chi phi va van dé dau doc xuc
tac néu trong chat 6 nhidm c6 luong nho S. Thudng thi cac nhém kim loai nay chi
duoc sir dung khi that sy can thiét, khi ndng d6 chat 6 nhiém khong quéa cao va cac
chat dau doc xic tac duoc loai bo. Trong xir Iy mdi trudng bang phan tmg WAO
yéu td chi phi rat duoc quan tadm, do d6 du c6 hoat tinh cao, Pt, Pd, Rh cling chua

phai 14 huéng tiép can hop 1y.
< Nhom cac oxit kim loai chuyén tiép

V& hoat tinh, cac oxit kim loai chuyén tiép to ra kém céc kim loai quy nhung
no lai to ra vuot troi vé gia thanh va kha nang khong bi dau doc. Cac oxit kim loai
chuyén tiép d4 duoc nghién ciru kha nhiéu nham tim ra mot hé xuc tac phl hop cho
WAO. Nam 1969, Hamilton va cac cong su dd dung MnO, lam xuc tac cho qué
trinh WAO dé oxi héa chét 6 nhiém trong nudc thai & 100°C. Nam 1974 Takahashi
cling cong bd kha nang xic tac cho phan tmg oxi héa cac chét hitu co trong nudc
thai & 60°C ciia MnO,. Sau d6, Sadana, Katzer va Ohta nhan théy kha nang xtc tac
ciia CuO trén chat mang y-Al,O; c6 dién tich bé mat 16n va d6 bén nhiét cao trong
phan tmg WAO cutia phenol ¢ nhiét do 96+246°C. Ciing theo cac tac gia nay hoat
tinh xtic tic khong dugc tim thay & CuO khong phan tan trén chat mang. Njiribeako
(1978) cho ring trong diéu kién ciia phan tmg CWO, CuO bi tan mot phan thanh
Cu®" - ion nay déng vai trd x(c tac dong thé, dong gop 20% vao toc do oxi hda
trong truong hop sir dung chat mang y-Al,O3 va 40% trong trudng hop chit mang
silica kém bén hon duogc sir dung. Hon hop oxit ctia Cu, Mn, La trén ciu triic spinen

cua Zn aluminat d& dugc Box dung lam xuc tac oxi hda (1974). Levec dung xuc tac
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nay trong phan tmg oxi héa dung dich axit acetic va thy ring khong c6 sy giam
hoat tinh duoc phat hién va xdc tac nay c¢d hoat tinh nhu 13 truong hop ding oxit sat
lam xuc tac. Bén canh d6 ho d& ching minh dwoc Pd(0.1%)/y-Al,O3 va CuO.Zn0O -
hai xuc tac oxi hoa dién hinh trong pha khi khong hoat dong trong phan g oxi hoa
dung dich axit acetic. Nghién ciru vé Cu0.ZnO Baldi biéu hién hoat tinh d6i véi
phan tmg oxi hda axit formic trong dung dich. Hon hgp céc oxit ctia Cu, Co, Ni, Fe
va cac kim loai quy Pt, Pd, Rh, Ru, Ir duoc Imamura nghién ciru va két luan 1a xic
tac hiéu qua cho qué trinh CWAO ¢ 100°C. Imamura ciing thay rang ¢ nhiét d6 cao
hon hén hop cac oxit CuO, CoO, Fe,03, CeO,, SnO,, NiO van 1a x(c tac tdt cho
CWAO. Nhiing cong trinh nghién ctru ctia cac nha khoa hoc Nhat Ban vé xtic tac di
thé cho phan img WAO nbi 1én trong thé ky XIX.

NGi chung, tim ra mot hé xtc tac t6i wu cho phan tng oxi hoéa pha long 1a
véan dé then chdt dé c6 thé mo rong tmg dung cia WAO vao Xt 1y mai trudng. Cho
dén nay chiing ta van chua tim ra mot hé xuc tac nhu thé - dam bao tinh ti vu gitra
c4c yéu td hoat tinh, do bén, kha niang thu hoi, tai str dung va chi phi. Vi vay xuc tac
cho qué trinh WAO con 1a manh dit chd doi nhitng nghién ciru cta cac nha khoa

hoc.
1.4 Tiém ning khoang san ciia Viét Nam

Viét Nam c6 dién tich khong 16n nhung c6 lich sir phat trién dia chat hang
nghin triéu ndm véi cac cau trac phic tap, va nhiéu loai tai nguyén khoang san nhu:
khodng san nang lugng (khoang san nhién li¢u), cac khoang san kim loai (kim loai
den, kim loai mau, kim loai quy), khoang san khong kim loai (khoéng chét cong

nghiép), da kim loai quy va nudc ngam.

Vé khoang san kim loai ciling rat phong phu va da dang. Thanh tyu dang ké
nhit ctia nganh dia chat Viét Nam trong linh vuc kim loai den 12 phat hién va tién
hanh tim kiém tham do dé 1ap luan chimg khai thac hai mé sat Thach Khé va Quy
Xa. D6 1a cac mo sit c6 trit lugng 16n nhat nudce ta, ham luong sit cao dap tng cho

viéc thiét ké nha may Gang Thép c6 cong suat 16n. CUng Véi sat cac mé cromit va
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mangan ciing dugc tham do mé rong dénh gia trir lwong dé khai thac phuc vu luyén
kim. Cac mo mangan c6 tong trir luong 3,2 triéu tn dang duoc khai thac phuc vu

san xuat.[2]

O Viét Nam, quang sat phan bo rat rong rdi va dé khai thac: mo sat Trai Cau,
Quang Trung, Linh Nham, Tién Bo (Thai Nguyén), Quy Xa (Yén Bai), Mo Bic
(Quang Ngéi), Phtl Tho, Cao Bang. Can cir vao cac khoang vat tao quing chinh ma
phan ra céc kiéu cong nghiép chu yéu ciia quing sit sau day: quang manhétit (sat
tir) FeO.Fe,0; (72,4%Fe); quang hematit (sit do, xpecularit, lepiddmelan) Fe,O4
(72,4% Fe); quing sat nau (limonit) Fe,03.nH,O (n = 1-1,5; 59,8%Fe); quing
xiderit FeCO3; (48,3%Fe); quang silicat (samozit) 4Fe0.Al,03.3Si,03.4H,0 va

titanomanhetit — quang tong hop c6 thanh phan cha yéu 1a sat,vanadi va titan.[6]

Quiang mangan phan b chii yéu ¢ Toctat — Ban Khuong (Cao Bang), Lang
Bai (Ha Giang), mot it & Niém Son (Hai Phong), lang Cdc (Thanh Héa), Yén Cu —
Lang Khao (Nghé Tinh). Can cir vao thanh phan khoang vat va ban chat héa hoc
cia cac hop chit, quing mangan duoc chia thanh céc loai: quing oxit, quing
cachonat, silicat va quang hon hop (nhu silicat — cachonat; oxit — silicat va oxit —
cacbonat). Quing mangan dugc khai thac cha yéu tir sau nim 1954 dén nay. Mo
mangan Toctat (Cao Bang) duogc khai thac v6i qui mé cdng nghiép san luong 2.500
tan/ndm do cong ty Gang Thép Thai Nguyén dam nhan. Cong ty pin Ha Noi (tong
cong ty hoa chat Viét Nam) khai thac khu Liing Lap (mo Toctat) 500 tin tinh
quing/ nim va mé NaPet (Chiém Hda, Tuyén Quang) san luong 500 tan tinh quing/
nam. Ngoai ra céc to chirc, ca nhan ciing tham gia khai thac quing & Yén Cu (Nghé
An), nli Bac (Ha Tinh) va thu gom & céc tinh phia Bac ban sang Trung Qudc. Tong
cong khdi lugng quing mangan d& duoc khai thac khoang 160.136 tan, trong d6
ving Cao Bang 114.625 tin ving Tuyén Quang 39.357 tin va ving Nghé Tinh
6.181 tan.[1]

Vé gia thanh, quang sat va quang mangan dugc ban trén thi truong véi gia tu

100 — 200 d6la/tin quang, tuong duwong khoang 1,5 triéu - 3 triéu/tan quing. Véi gia
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nhu vy, quing sit va quiang mangan rat thich hop dé xtr Iy méi truong.

TOm lai, v&i nhitng dic diém vé phan bd, trir lugng, gia thanh nhu d4 néu ¢
trén cho thdy quing sat va quing mangan la hai ngudn tai nguyén phong phu va rat
kinh té dé st dung. Vi vay, trong pham vi luan van ndy, ching tdi s& tién hanh
nghién ctru kha nang 1am xdc tac cia mot s6 loai quang st va mangan cho qua trinh

oxy hoa pha long thudc nhudém hoat tinh bang tac nhan oxy héa 1a oxy.
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CHUONG 2 - THUC NGHIEM
2.1 Muc dich nghién ciu

Chung t6i tién hanh nghién ctru ndy véi muc dich tim ra loai xtc tac tot nhat
tir cac loai quang khoang san chira oxit kim loai chuyén tiép & Viét Nam dé 1am xdc
tac cho qua trinh oxi hda pha long thubc nhuom hoat tinh khé phan hity sinh hoc
trong nude thai dét nhuom bang tac nhan oxi hoa 1a oxi khong khi lam tién dé cho

xtr 1y chét hiru co kho phan huy sinh hoc trong nuée thai néi chung.
2.2 Noi dung nghién ciru
Vé6i muc dich nhu trén, ching t6i d4 tién hanh nghién ciru cac ndi dung sau:

- Chon loc quing c6 kha ning xtic tac tot nhat cho phan mg oxi hoa pha long
bing O, dé xur Iy thudc nhudém hoat tinh khé phan huy sinh hoc (sau ddy goi it Ia
phdn 1ing) tr quang sat Trai Cau (Fe-TC), quing mangan Tuyén Quang (Mn-TQ),
quang mangan Ha Giang (Mn-HG) va quing mangan Cao Bang (Mn-CB), bao gom:

+ Danh gid kha nang xur ly cua cac loai quang
+ Danh gia kha ning xtr 1y ctia cac loai quiang da qua xir ly nhiét & 600°C trong
6 gio
- Danh gia hoat tinh cta xuc tac thong qua gié tri nang lugng hoat hoa cua phan
mg khong c6 xuc tac va phan g ¢ xtc tac & cung diéu kién phan tmg.
- Xéc dinh phuong trinh dong hoc ciia phan tng, gom:
+ Xac dinh bac riéng caa thudc nhuom hoat tinh
+ Xac dinh bac riéng cua O,
+ Xac dinh bac riéng cua xUc tac

+ Xac dinh hang s6 k, ko
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2.3 Nguyén vit li¢u, thiét bi va dung cu
2.3.1 Nguyén vat li¢u
- Chét phan tng:

+ Thudc nhuom hoat tinh Reactive Blue 19 (RB19) chira nhém mang mau

antraquinon va nhom hoat tinh vinylsunfon trong phan tir.

Hinh 2.1: Phéan ti
thuéc nhuém hoat tinh
RB19

HC——0S803Na

Thudc nhuom RB19 ¢6 ngudn gbe tir Trung Qudc.
+ O, chira trong bom khi
- Xuc tac:
+ Quang sat Trai Cau (Fe-TC) lay & mo sat Trai Cau, tinh Thai Nguyén.
+ Quing mangan Ha Giang (Mn- HG) ldy & m6 mangan tinh Ha Giang.
+ Quing mangan Tuyén Quang (Mn-TQ) lay & mo mangan tinh Tuyén Quang.

+ Quang mangan Cao Bang (Mn-CB) liy & mé Roong Thay, Tring Khénh,
Cao Bang.

Cac loai quang dugc str dung trong cac thi nghiém c6 kich thudc hat nhd hon

45um.
- N, cdng nghiép véi do tinh khiét 99,99%

- Cac hoba Chét khac: K,Cr,05, Agst4, H,SO, 98%, HgSO4,
HOOCC¢H,COOK.
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2.3.2 Thiét bi

- Thiét bi phan tng cao 4p ParrInstrument (M) c6 dung tich 1L véi cac tinh

nang k¥ thuat nhu sau:

Hinh 2.2: Thiét bi phdn iing
cao ap Parrinstrument

+ Chiu duoc 4p suét, nhiét do cao
+ C6 bo dbt cap nhiét truc tiép
+ C6 2 bo canh khudy gin trén cing mot truc va diéu chinh dugc khoang cach
gitra chiing

+ C6 bo phan 1am giam nhiét do nhanh bang nuéc may
+ C6 cac ddng hd do nhiét do, ap sudt va téc do khudy
+ C6 bo phan 14y mau dé theo doi.

- May quang phd ké UV-VIS 1240 (Simadzu - Nhat)

- May pha mau COD

- Can phén tich

- May nghién RETSCH PM-100 (Pic)

- May ray AS200 (Pirc)

- Lo nung Carbolite (Anh)

- May siy

- B0 loc hat chan khong
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2.3.3 Dung cu

Cdc thuy tinh, binh dinh muc, binh nén, pipet cac loai

Ong fancol 15ml

Ong COD

Diia thuy tinh

2.4 Quy trinh thye nghiém

2.4.1 Quy trinh chung

Cac thi nghiém déu duogc tién hanh véi cac bude co ban nhu sau:

Cho 0,5L dung dich RB19 ndng do C (mg/L) va my (g) xtic tac (dbi voi cac
phan tmg c6 xuc tac) vao binh phan ung cia thiét bi phan ung cao ap
Parrinstrument va lip hé. Tién hanh dudi khong khi c6 trong binh phan tmg bang N,
véi toc o dong khi 1a 1,4L N,/phat. Toéc do khudy trong binh phan tGng 13 600
vong/phut.

Sau khi dudi khi xong, tién hanh gia nhiét cho binh phan ung dén nhiét do

nghién ctru T (°C) thi bat dau cho O, vao binh véi ap suat O; 1a Po; (atm).

Theo dbi dién bién ciia qua trinh bang cach 14y cac miu trong thoi gian phan
tmg. MAu 13y ra duoc xir 1y loai bo phéan rin bang bo loc hut chan khong va dugc
phan tich x4c dinh ndng d6 mau va COD (ddi véi cac thi nghiém chon loc) bang

phuong phép tric quang.

Dbi voi cac thi nghiém chon loc, ching t6i quy uée t = 0 tai thoi diém khi
bat dau cho mau va xUc tac vao hé dé danh gia ca qua trinh bao gom ca gia nhiét va
phan Gng sau khi cho O,, khi d6 C = C,. Con trong cac thi nghiém danh gia hoat
tinh xuc tac cling nhu cac thi nghiém xac dinh phuong trinh dong hoc ctia phan tng,
chung toi quy ude t = 0 14 thoi diém hé phan tng dat nhiét do nghién ciru, khi do,

C+#C,. Tuy theo muc dich nghién ctru ctua tung thi nghiém, gié tri ctia C,, My, T, Po2
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va cac thoi diém lay mau 1a khac nhau. Cuy thé, chiing t6i s& noi 16 hon trong timg

thi nghiém duai day.

2.4.2 Chon lgc xic tac

Céc thi nghiém danh gia kha nang xt ly ciia quéng da qua va khong qua xu

ly nhiét dé chon ra loai quing c6 hoat tinh xuc tac tét nhat dugc thyc hién véi cac

thong s6 phan (mg nhu sau:

Bdng 2.1: Bing cdc thong sé phan ikng ciia thi nghiém chon loc

Phan ting khong si

Phan ung st dung

Phan tng sir dung quiing

dung quing (d6i | quing khéong xir Iy | d& qua xir Iy nhiét & 600°C
ching) nhiét trong 6 gio
Co(mg/L) 760 760 760
My (9) 0 5 5
T (°C) 150 150 150
Poz(atm) 13 13 13
Thoi diém | 35, 55, 75, 115, 35, 55, 75, 115, 35, 55, 75, 115, 145,175
lay mau 145, 175 (phat) 145, 175 (phat) (phat)

Quy ude t=0 la thoi diém cho xuc tac va dung dich phan tmg vao hé

Xéc dinh nong ¢6 RB19 va COD cua méu thu dugc.

2.4.3 Danh gia hoat tinh ciia xUc tac

Chung t6i danh gia hoat tinh cta xuc tac da chon ¢ thi nghiém chon loc

thong qua dai lwong nang lugng hoat hoa clia phan tmg c6 va khong c6 xic tac. Dé

xéac dinh ning luong hoat hoa ciia phan mg chiing t6i tién hanh céc thi nghiém véi

cac thong s6 phan ing nhu trinh bay trong bang 2.2 dudi day:
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Bdng 2.2: Bdang thong sé phdn teng ciia cdc thi nghi¢gm xdc dinh

nang lwong hoat hoa

Phan @ng c6 xuc tac Phan @rng khong co xic tac
Co(mg/L) 422,7 4227
Myt (9) 3 3
T (°C) 120, 130, 140, 150 140, 150, 160, 170
Po2(atm) 13 13
Thoi diém lay 0, 5, 10, 15, 20, 30, 60, 90 0, 10, 20, 30, 60, 90 (phat)
mau (phut)

Quy ude t=0 12 thoi diém hé phan Gmg dat nhiét d6 nghién ciru T (°C)

Xac dinh néng do RB19 cia mau thu dugc.

Tur do, tinh nang lugng hoat hoa cua phan ng theo phwong phap ¢ muc 2.6.2
dudi day.
2.4.4 Xac dinh phwong trinh dgng hoc phan wng co6 xdc tac

Dé xac dinh phuong trinh dong hoc phan tmg c6 xuc tac, chung toi tién hanh
céc thi nghiém xac dinh cac tham sb trong phuong trinh dong hoc bao gém bac
riéng ciia cac yéu td: chat mau RB19, O,, xUc tac va hing sb toc do k. Cac thi

nghiém dugc tién hanh véi cac thong s phan tng nhu sau:

Bdng 2.3: Bing théng sé phdn teng ciia cdc thi nghi¢m xdc dinh

bdc riéng cia phdn wng coé xuc tic

Thi nghiém xac dinh

bac riéng ciia RB19

Thi nghiém xac dinh

bac riéng cia O,

Thi nghiém xac dinh

bac riéng cia xuc tac

1854, 271,2; 422,7,

Co(mg/L) 569 2: 710.6: 867 2 4227 422,7
Myt (9) 3 3 1,2,3,4
T (°C) 150 150 150

Po2(atm) 13 2,5,9,13 13
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Thoi diém | 0,5, 10, 15, 20, 23, | 0,5, 10, 15, 20, 23, | 0, 5, 10, 15, 20, 23,
lAy miu 30, 60, 90 (phut) 30, 60, 90 (phut) 30, 60, 90 (phut)

Quy wdc t=0 12 thoi diém hé phan (mg dat nhiét d6 nghién ctru T (°C)
Xéc dinh ndong d6 RB19 cia mau thu dugc.

Tir d6, xac dinh bac riéng cia RB19, O,, x(c tac va hang sb toc do k theo

phuong phép tinh néu ¢ muc 2.6.1 dudi day.
2.5Phuong phap phan tich
2.5.1 Phwong phip xéc dinh nong d9 RB19 trong miu

Nong d6 RB19 dugc xac dinh bang phuong phap hap thu quang tai budc
song hap thu dic trung ciia chat mau. Co sd clia phuong phap nay 1a dinh luat

Lambert-Beer:

A=logly/l =¢lC
Trong do:
A: d6 hap thy 4nh sang
lo, I: cudmng d6 birc xa dién tir trude va sau khi di qua chat phan tich
& hé sb hép thu, Lmol*cm™
I: chiéu day cuvet, cm
C: ndéng do chét phan tich, mol.L !
Puong phu thudc cia A vao C cia mot chat duoc goi 13 duong chuan mau

cua chat do.

Dua vao dudng chuan mau, tir 46 hip thu quang ctia dung dich mau sé suy ra

duoc nong do chat mau.
2.5.1.1 Xay dung dwong chuan mau

Chuan bi mot ddy dung dich RB19 d4 biét nong d6 (bang cach can chinh xac
va dinh muc). Po d6 hip thu quang cta nhitng miu nay tai budc séng A=590nm -

budc song dic trung cua RB19 (xem Phu lyc 1 — Phd UV-VIS cia thudc nhudm
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hoat tinh RB19) va xay dung do thi su phu thudc giita ¢ hap thu quang va néng do.
Phuong trinh duong thang thu duge chinh 1a phurong trinh dudng chuan ciia RB19.

Phuong trinh dudng chuan cia RB19 thu dugc la:
A =0,0099C + 0,0003
Trong do:
- Alado hap thy quang ciia mau do duoc & A=590nm
- Clanong d6 RB19 (mg/L)
2.5.1.2 Po @) hap thu quang ciia miu

Ldy mot lwong mau nhat dinh dé do quang phd UV-VIS tai A=590nm xac
dinh d6 mau cia mau. CO thé phai pha lodng néu két qua do duoc vugt qua ving
tuyén tinh ctia duong chuan. Dya theo duong chuan s& xac dinh dugc néng do

RB19 con lai trong mau.
Nong d¢6 RB19 trong mau duoc tinh nhur sau:
C = (A - 0,0003)/0,0099.
(o 12 hé sb pha lodng)
2.5.2 Phuwong phap do COD ciia miu
2.5.2.1 Nguyeén tic

Nguyén tic cua phuong phép nay la mau dugc dun hoi luu véi K,Cr,0; va

chat xac tac Ag,SO, trong moi truong axit H,SO, dic. Phan tmg dién ra nhu sau:

Ag,SO
CrO2 + 14H +6e 220 20P + 7TH,0

Hodc qua trinh oxy hda ciing dugc viét dudi dang sau:

O, + A4H" + 4e — 2H,0
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Nhu vay, Imol Cr2072' sé tieu thu hét 6mol electron dé tao ra 2mol cr.
Trong d6, mdi 1mol O, s& tiéu thy hét 4mol electron dé tao ra H,0, do d6, 1mol

Cr,07* tuong duong véi 3/2 mol O.

Ag,S0, dung dé xuc tac cho qué trinh oxi hoa cac chat hitu co phan tir lugng

thap.
lon Cl'gdy can trd cho qua trinh phan tmg theo phuwong trinh sau:
Cr,0> +6ClI'+ 14H* ——» 3Cl, + 2Cr** + 7H,0
Do vay can cho thém HgSO, vao dé tao phuc vai ion CI, tranh sy can trd
trén.

2.5.2.2 Chuan bi héa chat

- Hon hop phan tng: 10,2169 K,Cr,0; + 167ml H,SO, (98%) + 33,3g HgSO,
dinh mac 1000ml

- Thubc thir axit: 4,96gAg,S0,/500ml dung dich H,SO, 98%

- Dung dich chuan kaliphtalat (HOOCC¢H,COOK): 850mg kaliphatalat hoa tan
trong nuédc, dinh mic 1000ml bang nudc cat (dung dich tuong dwong COD =

1000mgO,/L).
2.5.2.3 Xac dinh COD ciia miu

- Cho vao 6ng pha mau COD: 2,5ml mau + 1,5ml dung dich phan tng + 3,5ml

thude thir axit.
- Pun trén may pha mau COD (150°C trong 2 gid). Dé nguoi
- Po d6 hap thy quang tai budc sdng 600nm

- Dua vao dudng chuan va do hip thu quang do dugc suy ra gia tri COD cua

mau
2.5.2.4 Xay dung dwong chuan COD

Chuan bi mot ddy dung dich chuén c6 COD tir 20 - 1000mgO,/L. Tién hanh
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xtr Iy va pha mau nhu trén. Po do hép thu quang cua cic dung dich d4 biét COD.
Lap duong chuan COD - d6 hap thy quang (A).

Phuong trinh duong chuan COD nhu sau:
A =0,0003COD + 0,0035
Suy ra: COD = (A -0,0035)/0,0003
Trong do:
- Alado hap thy quang ciia mau do duoc & A=600nm
- COD la gia tri COD ctia mau (mgO,/L)
2.6 Phwong phap xir Iy so liéu
2.6.1 Phwong phap xir Iy s6 liéu dong hoc
Chung tdi sir dung phuong phap ¢d lap toc d6 dau dé nghién ctru dong hoc
cua phan ung.
Tbc d6 oxy hoa RB19 bang qua trinh oxi héa pha long c6 xtc tac ¢ thé
dugc biéu dién theo phwong trinh:
w = K[M]*Po,"m,
Trong do:  [M] lanong do ciia RB19
Po2 12 &p suit riéng phan cua O,
my 12 khdi lugng xuc tac
a, b, ¢ la bac riéng cua phan ung twong ung theo RB19, O, va xdc tac
k 12 hing s6 toc do phan tng

Gia tri ciia cac hé sb a, b, ¢, k duoc xac dinh bang phuong phap téc o6 dau

nhu sau:

Xac dinh a:
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Tién hanh céc thi nghiém véi diéu kién cling Po, va my. Khi d6 phuong trinh

(1) c6 thé dugc viét lai thanh:
w =k’ [M]?

trong dok’ =k Pozb“lxtc
hay - &~ =K' [MT"
y dt [ ]

C: nong d6 chat mau
Xét phan tng xay ra trong mot thoi gian ngin ban dau, khi d6 nong ¢ RB19
coi nhu thay doi khong déng ké, dC = AC va dt = At, lay In hai vé cua phuong trinh
trén rat ra:

In(AC) = In(At.k”) + aln([M])

Néu tdc d6 ban dau duoc khao sat & cac ndng d6 RB19 khéc nhau trong cliing
mot khoang thoi gian, In(AC) phu thudc tuyén tinh vao In([M]) véi hé s6 goc cia
duong thang biéu dién mdi quan hé 1a a. Nhu vay, bang cach dung d6 thi biéu dién
su phu thudc cua In(AC) vao In([M]) ta xac dinh duoc hé s a.

Tuong tu, cac hé s b, ¢ ciing duoc xac dinh theo quy trinh trén.

Xac dinh k, ko hé s k co thé tinh duoc khi biét toc d6 dau, nong do cac chat phan
ung va Cac bac phan tmg riéng twong ung:

IR —
[M ]a Po, My’
Trong do: wo 1a tbc d6 dau caa phan ing
Mat khéc, theo phuong trinh Arrhenius:

&
k=ke &
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k
Suyra: ko, = “E*

e RT

Biét dwoc E” cua phan g ¢ nhiét d6 da biét s& xac dinh dugc k. Tir d6 s&
viét dugc phuong trinh dong hoc tong quét cho moi nhiét do.
_E
W= ke f [M]PPo2’ My
2.6.2 Phwong phap xir Iy so liéu tinh ning hrong hoat héa

Ching t6i ciing sir dung phuong phép téc do dau dé tinh ning luong hoat

hoa.
Theo phuong trinh Arrhenius:
_E
k=k,e R
Trong do:
- k 12 hang s6 toc do phan tmg
- K, la hang s6 Arrhenius
- E” 12 ning luong hoat hoa ctia phan ting
- T la nhiét do phan Gng
) E’
Ln hai ve: Ink =Ink, “RT

Mat khac, theo phuong trinh :
w = K[M]*Po,"m,

Mot cach tong quat c6 thé viét lai dudi dang:
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Khi xét phan Umg xay ra trong thoi gian ngan ban dau, coi nhu nong do RB19

thay doi khong dang ké.
Ln hai vé: Inw = Ink + nInC = In(AC) + In(At)
- Ink=1In(AC) + In(At) - nInC
Néu cac thira s In(At) va nInC duoc giit ¢ dinh, thi:
Ink ~ In(AC)

Khi d6, néu tdc d6 ban dau dugc khao sat & cac nhiét 36 khac nhau trong

cling mot khoang thoi gian sé xdy dung duwoc dudng tuyén tinh In(AC) phu thudc

vao 1/T. Heé sb goc cia dudng thang nay la — %. Tir 46, sé xac dinh dugc E.
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CHUONG 3 - KET QUA VA THAO LUAN
3.1 Két qua chon loc xtc tic

Céc thi nghiém danh gia kha nang xir 1y cta céac loai quang Mn-TQ, Mn-HG,
Mn-CB va Fe-TC qua va chua qua xtr Iy nhiét duoc tién hanh voi C,= 760mgl/L,
M=5g/0,5L, T=150°C va Py, = 13atm. Két qua thu duoc dugc so sanh voi dbi
ching (két qua cua phan tmg khong ding quang trong cung diéu kién vé C,, T, P).
Cu thé cac két qua dugc trinh bay dudi day :

3.1.1 Két qua thi nghi¢ém danh gia kha ning xir Iy ciia cac loai quiing

Dé danh gia kha ning xir 1y cia cic loai quang ching t6i quan tdm toi hai
thong s6 1a kha nang xtr Iy mau va kha nang xtr Iy COD.

< Veé xtr Iy mau:

Trong qua trinh phan g, ching t6i d4 tién hanh theo ddi ndng d6 mau theo
thoi gian bang cach 1dy mau trong sudt qua trinh phan ung. Xéac dinh nong d6 mau
RB19 trong c4c mau bang phuong phép trac quang, két qua dugc biéu dién trén
hinh 3.1 sau day:

800
—o—ddi
600 chirng
- —8— Mn-TQ
o
E 400 —&— Mn-HG
2
o —o— Mn-CB
200 -
—x—Fe-TC
0 T T T 1
0 50 200

100 150
t(phut)

Hinh 3.1: Sw thay déi nong d¢ RBI9 theo thoi gian ciia phdn ieng c6 xiic tic va

phén ieng déi chirng
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Kha nang xir 1y mau cia quing duoc dic trung bang hiéu suat khir mau.
Chung toi d4 tién hanh tinh hiéu suat khir mau ciia cic phan ung trong ca qua trinh
(175 phat keé tir khi bat dau tién hanh phan tung). Két qua dugc trinh bay trong bang
3.1:

Bdng 3.1: Higu sudt khir mau sau 175 phit phdn ieng (%)

Poi chirng Mn-TQ Mn-HG Mn-CB Fe-TC
4 88 91 94 30

Tir cac két qua thu duoc trén hinh 3.1 va bang 3.1, ¢6 thé rat ra mot sd nhan
x¢€t sau day:

- Phan tng d6i ching khong sir dung Xxuc tac xay ra rat kém, RB19 gan nhu bi
phan hity khéng dang ké. Trong 175 phut bao gém ca gia nhiét va phan tng, RB19
chi dugc xir Iy 4%. Khong thé phan biét sy khac nhau giita mau ciia RB19 trudc va
sau khi phan g bang mat thudng.

- Khi phan g duoc xuc tac boi quang, hiéu suat khir mau ting 1én 0 rét, kém
nhit 12 Fe-TC 30% va 16n nhat 1a Mn-CB 94%. Ddi véi phan tng duge xuc tac
bang Mn-CB, sau 175 phdt, mau cia RB19 gan nhu khong con, c¢6 thé nhan thay
bang mat thuong,

- Hiéu suat khir mau giam theo thir ty tir Mn-CB > Mn-HG > Mn-TQ > Fe-TC.

< Vé xu Iy COD:
Dong thoi v6i viée phan tich xac dinh ndng do mau trong cac mau, chiing toi

tién hanh do COD ciia cac mau va biéu dién két qua trén do thi hinh 3.2 duéi day:
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Hinh 3.2: Sw thay di COD theo thei gian Ciia phdn irng c6 xiic tic
va phdn ieng déi chirng
Két qua vé do chuyén hoa COD sau 175 phiit phan img duoc trinh bay trong
bang 3.2:

Bdng 3.2: Higu sudt xir Iy COD sau 175 phut phdn #ng (%)

Poi chirng Mn-TQ Mn-HG Mn-CB Fe-TC
2 25 19 33 23

Tur cac két qua, ching t61 c6 mdt sO nhan xét nhu sau:

Ciing nhu xtr Iy mau, phan tng khong c6 xtic tac xir Iy COD rét kém, chi c6
2% trong khi cac phan tmg khac dugc xtc tac boi quang, hiéu suat xir Iy COD rat
cao. Lén nhét van 1a Mn-CB 33%, tuy nhién, nho nhat khéng phai 1a Fe-TC ma la
Mn-HG 19%. Tuy nhién, hi¢u suit xir Iy COD cua ca qua trinh chi khoang 20 —
30% trong khi hiéu suat khir mau ciia cac phan g rat cao (~90%). Diéu nay co thé
duogc giai thich mot cach hop 1y bang gia thuyét phan ung xdy ra theo co ché noi
tiép, trong qua trinh phan tmg, c6 su pha v& lién két cia nhom mang mau tao thanh

cac phan tir chat hitu co c¢6 khoi lugng phan tir nho hon khong chira nhém mang
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mau. Do vay, mau giam nhanh trong khi COD lai giam cham va khong theo trat tu

Clia sy giam mau.

Trong dudng biéu dién sy giam COD cua ca qua trinh, trong khi dudng biéu
dién ciia cac phan tmg duoc xuc tac bdi cac loai quing mangan van giam déu theo
thi tu tir Mn-CB > Mn-TQ > Mn-HG trong subt ca qua trinh thi sy giam cua duong
phan ung duogc xuc tac boi Fe-TC lai hoi khac thuong, khong theo quy luat. Ban
dau giam nhanh, dting thir 2 chi sau phan ng dugc xic tac boi Mn-CB nhung dén
phut thir 75, phan tmg cham lai va sau d6 COD giam rat cham. Puong biéu dién su
giam COD ciia phan mg duoc xuc tac boi Fe-TC cat duong biéu dién cia phan tng
duoc xuc tic bai Mn-TQ. Piéu nay dugc giai thich 12 do sy khac nhau vé thanh
phan héa hoc giita céc loai quing va do sy khac nhau vé hoat tinh cta oxit mangan
va oxit st.

TOom lai, tir thi nghiém nay, chung toi rt ra duoc rang: quing Mn-CB c6
hoat tinh xtic tac t6t nhat ca vé xtr Iy mau ciing nhu xir Iy COD. Piéu nay c6 thé
duoc giai thich dua vao thanh phan hoa hoc va dién tich bé mit riéng caa cac loai
quang st dung lam xuc tac dé nghién ciru phan (mg oxi héa pha long RB19.

Thanh phan héa hoc ctia cac loai quing duoc xac dinh bang phwong phap do

phd hap thu nguyén tir (AAS), két qua dugc trinh bay trong bang 3.3:

Bdng 3.3: Thanh phfin héa hoc ciia quang Mn-CB, Mn-HG, Mn-TQ, va Fe-TC

Thanh phan % vé khdi lwgng ciia cac yéu té thanh phan
Loai quang . :
Fe Mn SiO; Khéac
Mn-CB 6 41 20 33
Mn-HG 3 31 30 36
Mn-TQ 7 19 44 31
Fe-TC 49 3 16 32

Lugng Fe trong Fe-TC (49% vé khdi lwong) 16n hon rat nhiéu 1an so véi cac

loai quing mangan khac, trong khi ham lugng Mn trong Fe-TC rat thap so véi cac
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loai quang mangan, c6 3% Vé khi luong. Nguoc lai, Mn-CB ¢6 ham lwong Mn 1a
I6m nhat (41%). Céc két qua nghién ciu trén thé gidi dd ching minh dugc rang hoat
tinh x{c tac cua sit oxit thép hon clia mangan oxit, do vay, cé thé du doan duoc
rang, cac loai quang mangan co hoat tinh xtc tac t6t hon quing sit va quang Mn-
CB c6 hoat tinh xic tac tt nhat.

Mt khac, khi do dién tich bé mat riéng cia cac loai quang 1am xuc tac bang

phuong phéap do BET, két qua do nhur sau:
- Quing Mn-CB: 43,5 (m?/g)
- Quing Mn-TQ: 28,4 (m?/g)
- Quing Mn-HG: 23,1 (m?/g)
- Quing Fe-TC: 32,3 (m?/q)

Dién tich bé mat riéng ti 1& thuan véi hoat tinh xtc tac. Véi dién tich bé mat
riéng 16n nhat trong cac loai quing duoc nghién ciru, Mn-CB 14 quang cé hoat tinh
XUc tac tot nhat cho phan ing nhu két qua nghién ciru.

3.1.2 Két qua thi nghi¢m danh gia kha ning xir Iy ciia cac loai quing d4 qua
xir ly nhiét

Dé thay rd dugc anh huéng cta CAc tap chat trén bé mat nhu chat hiru co,
OH’ ciia cac loai quing toi hoat tinh xtc tac, chung t6i d4 tién hanh xir 1y nhiét
quing & nhiét do 600°C trong 6 gid. Sur dung cic quing nay thay cho cac quing da
nghién ciru & phan trudc va tién hanh phan tng twong tw. Cac mau duoc lay theo
thoi gian dé theo ddi su thay d6i mau va COD cua qué trinh. Két qua dugc biéu dién
trong hinh 3.3 va 3.4 dudi day. Hoat tinh xuc tac cua cac loai quang sau khi xir Iy
nhiét duoc thé hién ¢ kha nang xtr Iy mau va kha nang xur 1y COD:

< V& xir Iy mau:
Hinh 3.3 1a @6 thi biéu dién sy thay d6i nong do mau theo thoi gian cia cac

phan tmg ¢4 xuc tac 1a cac loai quang da xur 1y nhiét so véi dbi ching 12 phan tng

55



khong sur dung xuc tac.

800
—o— dbi
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Hinh 3.3: Sw thay doi nong d¢ RBI9 theo thoi gian Ciia phén irng sir dung qudng
da xir Iy nhiét & 600°C trong 6 gi¢’ va phdn ting déi chirng

Nhin chung, quing da qua xir 1y nhiét van c6 kha ning xuc tac cho phan tmg,

thé hién ¢ sy khac nhau vé giita cac duong phan tmg so véi doi ching. Hoat tinh

Clia XUc tac van tuan theo trat tu nhu khi chua xir 1y nhiét, giam dan tr Mn-CB >

Mn-HG > Mn-TQ > Fe-TC. Cu thé hon vé kha nang xir Iy mau ciia cac loai quang,

chung t6i xac dinh hiéu suat khr mau cua cac phan tmg sau 175 phat nghién ciru.

Két qua nhu sau:

Bdng 3.4: Higu sudt khir mau sau 175 phat phdn ing (%)

Poi chirng Mn-TQ Mn-HG Mn-CB Fe-TC
4 59 62 92 36

Trong ca qua trinh, hi¢u suat khir mau cua phan ung dung xdc tac 1a quing
Mn-CB van 12 I6n nhat (92%), Xap xi bang hi¢u suat khir mau ciia phan tng dung
xuc tdc Mn-CB khong xir 1y (94%). Hiéu suat khir mau thap nhat van 1a phan mg
str dung xuc tic quing Fe-TC (36%), tuy nhién, hiéu suat khir mau caa phan tng d4

tang 1én so véi phan tng st dung quang Fe-TC khong xur Iy ¢ trén (31%). Mn-TQ
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va Mn-HG qua xir 1y nhiét c6 hoat tinh giam hon han so v&i ban dau thé hién & hiéu
suat khir mau giam dang ké. Dic biét, sau khi xir Iy nhiét, hoat tinh xtic tac cua hai
loai quang Mn-TQ va Mn-HG lai gan tuong duong nhau. Sy thay doi vé hoat tinh
cua cac loai quang sau khi xtr Iy nhiét & nhiét do cao duogc giai thich la do cac loai

quing d& duoc 1am sach bé mit.
< Vé xir ly COD:

Két qua vé xtr Iy COD ciia cac phan tng dugc biéu dién trén hinh 3.4 dudi

day:
1000
—o— dbi
chirng
900
—a— Mn-TQ
-
8 800 -
g —— Mn-HG
)
© 7004 —o— Mn-CB
600 - —%— Fe-TC
500 T T T 1
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Hinh 3.4: Sw thay doi COD theo thei gian ciia phdn ieng sit dung quing da xir Iy
nhiét ¢ 600°C trong 6 gio v phdn irng doi chirng

Dé danh gid kha nang xir Iy COD cua céac loai quing da qua xu 1y nhiét,

ching toi tién hanh xac dinh hiéu suat xtir Iy COD cua phan tng sau 175 phut

nghién ctru, két qua tinh toan duoc trinh bay trong bang 3.5 dudi day:

Bdng 3.5: Higu sudt xir Iy COD sau 175 phut phdn #ng (%)

Poi chirng Mn-TQ Mn-HG Mn-CB Fe-TC
2 24 16 37 20
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Tir cac két qua thu duoc trén hinh 3.4 va bang 3.5, ching t6i ¢6 nhan xét nhu

Sau:

Vé xtr ly COD, thtr ty vé hoat tinh xiic tic cia céac loai quang da qua xu ly
nhiét vin tuan theo quy luat cia quing gbc ban dau. NGi chung, hoat tinh xtc tac
clia cac loai quing da xir 1y nhiét trong xir Iy COD thay d6i khong dang ké so véi
quang ban dau. Viéc xir Iy nhiét Mn-TQ va Mn-HG 1am giam kha ning xir Iy COD
khong dang ké trong khi kha niang xtr Iy mau lai giam nhanh. Mn-CB d& xu 1y nhiét
xtr Iy mau kém hon khong dang ké so vai Mn-CB ban dau nhung xir Iy COD lai 16n
hon mét chat. Kha nang xur Iy mau cua Fe-TC ting nhung kha nang xi ly COD lai
giam so voi ban dau. Puong COD cia phan tmg xtc tac boi Fe-TC van c6 sy khong
tuan theo quy luat giam nhu cac phan ung dugc xic tac boi cac loai quang mangan
nhu khi chua xtr 1y nhiét. Su thay d6i vé hoat tinh xtr Iy COD nay khéng theo quy
luat cta hoat tinh x{r Iy mau cang lam cho gia thuyét vé phan mg theo co ché nbi
tiép, c6 tao thanh san pham hiru co khong mang mau c6 khdi lwong phan tir nhd hon
1a hop ly.

NOi tom lai, sau khi nghién cru kha nang xu 1y mau va COD cua cac loai
quang d& qua va khong qua xtr 1y nhiét & nhiét d6 cao cho thiy Mn-CB la x(c tac
t6t nhat cho phan tmg oxi héa pha long thudc nhuém hoat tinh RB19 bang O, trong
s6 cac loai quang dung dé nghién ctru. Quing sau khi xir Iy nhiét tuy hoat tinh xur ly
COD ting 1én mot chut nhung hoat tinh khir mau lai giam, dé tiét kiém nang luong
va chi phi, chiing t6i s& sir dung loai quiang Mn-CB khong xir 1y nhiét ban dau cho

cac thi nghiém tiép theo.
3.2 Két qua thi nghiém danh gia hoat tinh ciia xtic tic

Dé danh gia hoat tinh ciia xtic tac, ching t6i sir dung phuong phap so sanh
ning luong hoat héa cta phan mg c6 xiic tac va khdng cé xlc tac. Két qua thu

duoc nhu sau:
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3.2.1 Nang lwgng hoat hoa ctia phan ing cé xuc tac

Cé&c phan tng str dung xuc tac 1a quang Mn-CB dugc thuc hién véi cac thong
s6 C, = 422,7mg/L, m,=39/0,5L, Po, =13atm dugc giit ¢d dinh, chi co nhiét do
phan Umg thay d6i trong cic dot phan mg. Chiing t6i tién hanh nghién ctru phan
tmg & cac nhiét d6 120°C, 130 °C, 140 °C va 150 °C. Trong thoi gian nghién ciru
phan mg, chung t6i 14y mau va xac dinh ndong do mau ciia mau bang phuong phap

trac quang. Két qua do duoc biéu dién trén hinh 3.5 dudi day:

450 - T = 1200C
E ¥
400 E’ m T = 1300C
350 - ﬁ?
N =
300 | n? @ T=1400C
= by
g’ 250 | n; @ T = 1500C
N N
S 200 - n?
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My
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o | Els]
0 5 10 15 20 30 60 90 t (phat)

Hinh 3.5: Do thi biéu dién anh hwéng ciia nhiét dg phén irng

dén higu qud xir Iy RB19 trong phdn teng c6 xiic tic

Tir d6 thi hinh 3.5 nhan thay, nong d6 mau giam dan theo thoi gian, & cling
thoi diém nghién ctru, ndng do mau cua ting dan theo chiéu giam nhiét d6 nghién
ctru. Nhu vay, nhiét do d4 anh huéng dén téc d6 cia phan tmg. Nhiét do ting, toc
do phan tng tang.

Pé tinh ning luong hoat héa cia phan tng, chiing toi sir dung phuong phap
téc do dau, str dung sb liéu & 5 phat d¢au dé tinh bién thién nong do AC va biéu dién
su phu thudc cua In(AC) vao 1/T theo nhu phuong phap dé trinh bay ¢ muc 2.6.2 &

trén. Bang két qua tinh toan nhu sau:
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Bdng 3.6: Két qud tinh bién thién néng dé RB19 (AC) trong 5 phit diu

T (°C) T(K) 1T (K" [ AC (mg/L) | In(AC)
120 393 0,00254 15,2 2,71810
130 403 0,00248 25,3 3,22893
140 413 0,00242 35,4 3,56540
150 423 0,00236 455 3,81671

Tir két qua tinh toan AC trong bang 3.6, mot lan nita khang dinh, nhiét do
tang, toc d6 phan mg tang thé hién & gia tri AC tang.

Puong biéu dién sy phu thudc cia bién thién nong do In(AC) vao nhiét do
(1/T) 1a mot duong thang. St dung hé s6 goc cta dudng thang ndy s& tinh duogc

nang luong hoat hoa cuia phan rng:

45 -
4.0
o
d 35 |
£ y = -6057.3x + 18.19
R? = 0.9809
3.0
25 T T T T T 1
0.00230 0.00235 0.00240 0.00245 0.00250 0.00255 0.00260

uT

Hinh 3.6: Pwong biéu dién sw phu thujc ciia In(4C) vao 1/T
Tir hé s6 goc ciia dudng thang trén suy ra:

—%: -6057,3 > E.=6057,3R

V6i R = 1,987 (cal.mol'1.K™) thi E}, = 12035,9 (cal.mol™) = 12 kcal.mol™

V6i R = 8,314 (J.mol'1.K™) thi E;, = 50360,4 (J.mol™) = 50 kJ.mol™
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3.2.2 Nang lwgng hoat hoa ctia phan iwng khong co xuc tac

Vi phan tmg khong xuc tac, tbc do phan tmg rat cham, do vay, dé nghién ciru
phan tmg khong c6 xuc tac, chung t6i d4 tién hanh phan tmg & cac nhiét d6 cao hon
S0 V6i phan g c6 xtc tac, cu thé 1a & cac nhiét o 140°C, 150 °C, 160 °C va 170°C.
Céc théng so khac cila phan tmg 12 C,, Po, duoc gilt khong ddi trong céc thi
nghiém. Két qua theo ddi nong do mau cua phan tng dugc biéu dién trén dd thi
hinh 3.7 duéi day:

BT = 1400C

m T = 1500C

@mT = 1600C

AT=1700C

RB19(mg/L)

=
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
o
t Tl
t Tl
e

7
;
;
A

OO

Ll s e

At .l . 1
AN

peb bbbt b bbbt bbb ibbitibid

AN

0 10 60 90 t(phut)

Hinh 3.7: Do thi biéu dién anh hwéng ciia nhiét dg phén irng

dén higu qua xiv Iy RB19 trong phdn irng khéong xiic tic

Qua d6 thi hinh 3.7 & trén nhan thiy, phan tmg khong x(c tac xay ra rat kém,
mac du nhiét d6 d& duoc tang cao hon so vadi phan tmg c6 xuc tac. Trong 90 phut
phan tmg, ndng 46 RB19 thay ddi khong dang ké. O 140°C, dén t=60(phut), nong
d6 RB19 méi co su thay d6i. Mat khac, & mdi thoi diém, ndng d6 RB19 cila cac
phan ng & cac nhiét d6 khac nhau giam theo chiéu tang nhiét do, tuy nhién, sy
chénh léch nay khong 16n. Nhu vy, ddi voi phan tng khong xic tac, nhiét do co
anh huong dén toc do phan tng nhung anh hudng khong dang ké. Cac két qua cho

thay, xtic tac dong vai trd quan trong trong thiic thay phan tng.
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Pé tinh ning luong hoat héa cua phan Ung ching t6i d4 st dung phuong

phap toc d6 dau va str dung s6 liéu & 60 phat dau dé tinh toan.

Bdng 3.7: Két qua tinh bién thién néng dé RB19 (AC) trong 60 phlt diu

T(CC) [ T(K) uT AC In(AC)
140 413 | 0,00242 51 1,61949
150 423 [ 000236 | 10,1 | 2,31264
160 433 [ 0,00231 | 202 | 3,00578
170 443 [ 0,00226 | 404 | 3,69893

Biéu dién su phu thudc ciia In(AC) vao 1/T trén d6 thi thu dugc duong thang
nhu trong hinh 3.8:

4.5

4.0 -

3.5 A
y =-12678x + 32.3

O 3.0 1 R2 = 0.9996

g

£ 251
2.0 4

1.5

1.0 T T T T 1
0.00220 0.00225 0.00230 0.00235 0.00240 0.00245

uT

Hinh 3.8: Dé thi biéu dién sw phu thuéc ciia In(4C) vao 1/T

Tir hé sé goc cua dudng tuyén tinh trén, tién hanh tinh toan twong ty nhu

trrong hop tinh nang lugng hoat hoa cho phén tmg c6 xuc tac suy ra:

E'=12678R
V6i R = 1,987 (cal.mol'1.K™) thi E*= 25191 (cal.mol™) = 25 kcal.mol™

V6i R = 8,314 (J.mol'1.K™) thi E"= 105405 (J.mol™) = 105 kJ.mol™*
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3.2.3 Danh gia hoat tinh xuc tiac cia quang Mn-CB

Tur hai thi nghiém nay chiing t6i d& tinh dugc nang lugng hoat hda cta phan
g str dung Mn-CB lam xuc tac (E,,~12 kcal.mol™) va cua phan tng khong c6 xuc
tac (E"~ 25 kcal.mol™). Nhu vay, khi phan tmg duoc xtc tac boi quing Mn-CB,
ning luong hoat hoa giam di 1/2. Diéu nay cho thay, Mn-CB la mot loai xuc tac

twong doi tot, co tiém nang.

Khi so sanh két qua tinh tbc do cua phan tmg c6 xtc tac va khéng co xuc tac

trong bang 3.8 dudi day thay rang:

Bdng 3.8: Bing so sinh téc dp ciia phan irng khéng xiic tic va

phdn teng sir dung Mn-CB lam x(c tac ¢ nhiét dp 140 val50°C

T(°C) | wyx (Mmg/L.ph) | w (mg/L.ph) | Wy /w
140 7.07 0.08 84
150 9.09 0.17 54

Phan mg dugc xtc tic bdi Mn-CB tdc do phan tng 16n hon han phan tng
khong ding xuc tac, cu thé & 140°C téc do phan ting c6 xic tac 16n hon 84 1an va &
150°C, tdc d6 phan tmg c6 xtc tac 16n hon 54 1an so véi tdc d6 phan ung khong co
xUc tac. Mat khac, tir két qua nay ciing nhan thiy rang nhiét do ting, do tang cua toc
d6 phan mg ¢ xic tac so v6i phan tng khong ¢ xtc tac giam dan thé hién & viée
giam ty 18 wy/w tir 84 & 140°C xudng 54 & 150°C.

Ngoai ra, theo ly thuyét khi gia thiét k,=const, c6 thé so sanh hang so toc do

k ctia phan trng c6 xuc tac va khong co xuc tac dya vao phuong trinh Arrhenius:
- Phan Gng str dung Mn-CB lam xuc tac:

,ﬂ E*
k =keRT Ink, =Ink ——=
9 xt (o] RT

- Phan Gng khong stir dung xtc tac:
£

K=k "™ 5 Ink=Ink ——
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Suyra:

* *

ke _ E-E, _ 66207

RT T

k, 6620,7

Véi T=140°C thi In -16 > &z 9.10°
k 413 k

V6i T=150°C thi In K 286207 1005 K g 100
k 423 K

Nhu vay, voi gia thiét k,=const, phan tng stt dung Mn-CB lam x0c tac cé
hang s6 tdc d6 gap hang triéu 1an so v&i phan ing khong str dung xic tic & nhiét do
140, 150°C. Tuy nhién so véi két qua thuc nghiém, két qua nay I6n hon gap nhiéu
lan. Diéu nay duoc giai thich 14 do hiang s k, thuc té cia hai loai phan tng 1a
khong giéng nhau.
3.3X4c dinh phwong trinh dgng hoc

Céc hang s6 trong phuong trinh toc do ctia phan tng oxi hoa thudc nhuém
hoat tinh RB19 bang tac nhan oxi héa 12 O, dugc x4c dinh theo phuwong phap toc do
dau. Két qua xac dinh bac riéng ddi voi mdi chat phan tung va hang sb toc d6 duogc
trinh bay sau day.

3.3.1 Két qua xac dinh bic riéng ciia RB19

Trong céc thi nghiém xac dinh bac riéng ciia RB19, lugng O, va xuc tac cho
vao hé dugc giit ¢d dinh cling véi cac diéu kién thuyc hién phan tng khéc, cu thé,
Poz=13atm, my = 3g/0,5L, T = 150°C, nong d6 RB19 C, thay ddi trong cac phan
mg. Phan tmg dugc theo ddi thdng qua ndng do chat mau RB19. Két qua phan tng

nhu sau:
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Bdng 3.9: Sw thay déi néng dj RB19 theo thoi gian ciia cdc phdn ieng
xdc dinh bdc riéng ciia RB19
t Nong do RB19 (mg/L)

(phat) | TN1 TN2 TN3 TN4 TNS5 TNG6
0™ 185,4 271,2 422,7 569,2 710,6 867,2
5 165,2 240,9 382,3 533,8 660,1 821,7
10 134,8 200,5 336,9 468,2 599,5 746,0
15 1247 190,4 296,5 4429 579,3 710,6
20 119,7 185,4 266,2 4278 554,0 | 660,1
25 99,5 165,2 251,0 | 407,6 528,8 634,8
30 89,4 1551 235,9 377,3 508,6 619,7
60 84,3 1247 175,3 321,7 387,4 | 518,7
90 79,3 94,4 119,7 2359 296,5 | 4177

(*) t=0 (phiit) dwoc quy wéc 1A thoi diém hé dat nhiét do phan g

Str dung két qua ¢ 10 phat dau cho cac tinh toan xac dinh béc riéng, ching

toi thu dugc bang sau:

Bdng 3.10: Két qud tinh bién thién nong d¢ RB19 (AC) trong 10 ph(t dau

Thinghiém | C,(mg/L) | InC, | AC (mg/L) | In(AC)
TN1 185,4 5,2223 50,5 3,9221
TN2 271,2 5,6029 70,7 4,2585
TN3 4227 6,0467 85,9 4,4527
TN4 569,2 6,3442 101,0 4,6152
TNS 710,6 6,5661 1111 4,7105
TNG6 867,2 6,7652 1212 4,7975

Tir bang tinh trén, nhan thiy mac di cac yéu t6 khac ciia phan ing nhu nhiét
d6, Oy, xtic tac, ... khong doi, nong d6 RB19 ban dau thay doi thi tdc do phan ing

cling thay d6i theo. Nong d6 RB19 ban dau cang Ién, tdc d6 phan tmg cang l6n.

65



Khi biéu dién sy phu thudc giita In(AC) vao InC, thu duoc d6 thi hinh 3.9
dudi day.

Hé s6 goc ciia dudng tuyén tinh ndy chinh la bac riéng caa phan tGng theo
RB19, nghia 1a bac riéng cua RB19 trong phan tng 1a 0,55. Phan tmg c6 bac 1¢é vi
trong hé phan ung cé nhiéu phan (mg xay ra phuc tap nén bac riéng xac dinh dugc
chi 1a bac biéu kién cho toan bo qua trinh, thudng cac gia tri thu duoc 1a nhitng s6 1¢

nhu két qua thu dugc.

y = 0.5473x + 1.1259

50 - R? = 0.9814
4.5 -
(5)
d .
=
4.0 -
*
InC,
35 T T T 1
5.0 5.5 6.0 6.5 7.0

Hinh 3.9: Do thi biéu dién sw phu thujc ciia \n(4C) vao InC,
3.3.2 Két qua xac dinh bic riéng ciia O,
Bac riéng cua O, dugc xac dinh trong diéu kién nong do RB19 va xdc tac
khong thay doi, ap suét riéng phﬁn cua O, thay doi trong cac thi nghiém.

Céac phan ung duogc tién hanh véi cac thong sé6 C, = 422,7mg/L, my =
3¢/0,5L, T=150°C. Phan tng duoc khao sat voi cac Po,=2, 5, 9, 13atm. Két qua
phan tng duogc trinh bay trong bang 3.11 dudi day:
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Béng 3.11: Sw thay déi nong dé RB19 theo thoi gian ciia cdc phén trng

xdc dinh bdc riéng cua O,

Nong d6 RB19 (mg/L)
t (phat)
Pop=2at | Po,=5at | Pg,=9at | Pg, =13at
0 (%) 422,7 422,7 422,7 422,7
5 397,5 392,4 387,4 382,3
10 382,3 362,1 347,0 336,9
15 331,8 326,8 311,6 296,5
20 311,6 306,6 296,5 266,2
25 296,5 301,5 281,3 251,0
30 271,2 291,4 261,1 235,9
60 251,0 240,9 220,7 175,3
920 235,9 220,7 180,3 119,7

(*) t=0 (phiit) dwoc quy wéc 1A thoi diém hé dat nhiét do phan img

Két qua ¢ 10 phut dau duoc sir dung cho cac tinh toan dé xac dinh bac riéng

cuaa O,.

Béng 3.12: Két qud tinh bién thién nong d¢ RB19 (AC) trong 10 ph(t dau

Po2 (@tm) | InPg, | AC (mg/L) | In(AC)
2 0,6931 40,4 3,6989
5 1,6094 60,6 4,1044
9 2,1972 75,8 4,3275
13 2,5649 85,9 4,4527

Tir bang tinh ndy c6 thé rat ra anh huong ciia O, dén tdc do phan tmg. Ap

suat O, cang 16n, toc d6 phan tmg cang 16n.

Biéu dién su phu thudc cta In(AC) vao InPo; trén do thi thu dugc dudng biéu

dién trén hinh 3.10 nhu sau:
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5.0

4.5 -
&)
g
c
- y = 0.4048x + 3.431
4.0 1 R? = 0.9971
35 T T T T 1
0.5 1.0 1.5 2.0 2.5 3.0
|nP02

Hinh 3.10: Pé thi biéu dién sw phu thuc ciia In(4C) vao InPg,
Tir 46 doc cua dudng thang trén dd thi hinh 3.10 suy ra bac riéng cia O, la
0,4.
3.3.3 Két qua xac dinh bic riéng cia x(c tac

Tuong tu céc thi nghiém trén, dé xac dinh bac riéng cda xuc tac can c¢6 dinh
nong d6 RB19 ban dau va &p suat O, cho vao hé, cu thé 1a C, = 422,7mg/L,
Poz=13atm, T = 150°C, luong xtc tac cho vao hé phan img thay doi tir 1 — 4g.

Két qua theo ddi sy thay d6i ndng d6 RB19 cia phan tmg dugc trinh bay ¢
bang 3.13:

Béng 3.13: Sw thay déi nong dé RB19 theo thoi gian ciia cdc phén tng

xdc dinh bdc riéng Cua xuc tac

] Nong d6 RB19 (mg/L)
t (phat)
My, = 2g/L | my,=4g/L | my =6g/L | my = 8g/L
0 422,7 4227 422,7 422,7
5 4126 397,5 382,3 367,2
10 402,5 367,2 336,9 326,8
15 387,4 321,7 301,5 296,5
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20 372,2 301,5 276,3 266,2
30 352,0 286,4 251,0 2359
60 321,7 240,9 200,5 175,3
90 296,5 200,5 160,1 119,7
120 261,1 155,1 1247 84,3

Céc két qua tinh toan bién thién AC cia phan tng trong thoi gian 10 phut
dau duoc trinh bay ¢ bang 3.14 dudi day:

Béng 3.14: Két qud tinh bién thién nong d¢ RB19 (AC) trong 10 ph(t dau

Myt (9/L) In(my) | AC (mg/L)| In(AC)
2 0.6931 20,2 3,0058
4 1.3863 55,6 4,0174
6 1.7918 85,9 4,4527
8 2.0794 96,0 4,5639

Tir két qua tinh toan trong bang 3.14 rt ra anh huéng cia xtic tac dén toc do
phan tng. Khoi lwong xtc tac cang 16n, tbe do phan Gmg cang lén. Tuy nhién, cang
vé sau cua sy tang khoi lugng xiic tac, tbc dd phan ng ting theo chiéu huéng cham
lai.

Puong biéu dién sy phu thudc cua In(AC) vao In(my) dugc biéu dién trong
hinh 3.11 dudi day.

Bac riéng cua xuc tac 1a 1,22.

< T cac két qua tim bac riéng cia RB19, O, va xiic tac cho phép dua ra
phuong trinh tinh tdc d6 cia phan tng oxi hoa pha long thuéc nhuém hoat tinh

RB19 bang O, c6 Xuc tac 1a Mn-CB:

W= k[M]0,55P020,4th1,22
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y =1.2163x + 2.2255
R? =0.9843 *

In(Mx)

0.5 1.0 15 2.0 2.5

Hinh 3.11: Pé thi biéu dién sw phu thugc ciia In(4C) vao In(my,)
3.3.4 Xic dinh hing s6 k, K,
Hang sb téc d k trong phuong trinh dong hoc duroc tinh theo cong thirc:

W,

0o

[ M ]0.55 P0024 m iiZZ

Tir cac thi nghiém trén s& tinh dugc mot ddy céc gia tri k. Lay gid tri trung
binh cta cac gia tri k nay thu dugc hang s6 toc d6 trung binh ciia phan tng tién

hanh ¢ T =150°C 1a: k =2,6.10° (L*"".mg®"".atm®* phat™).

Bing 3.15: Bing cic gid tri k ciia phdn ieng 6 150°C

AC(mg/L) W, [M] (mg/L) Po2 (atm) | my (mg/L) k
50,5 5,0505 185,4 13 6000 2,5.10°
70,7 7,0707 271,2 13 6000 2,9.10°
85,9 8,5859 422,7 13 6000 2,7.10°
101,0 10,1010 569,2 13 6000 2,7.10°
1111 11,1111 710,6 13 6000 2,6.10°
1212 12,1212 867,2 13 6000 2,6.10°
40,4 4,0404 4227 2 6000 2,7.10°
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60,6 6,0606 4227 5 6000 2,8.10°
75,8 7,5758 4227 9 6000 2,8.10°
20,2 2,0202 4227 13 2000 2,410°
55,6 5,5556 422,7 13 4000 1,8.10°
106,1 10,6061 4227 13 8000 2,410°

k 2,6.10°

Tir do6 tinh duoc:

k
ko= % =4,3(L*".mg®".atm®* phat™).
e_ﬁ

3.3.5 Phwong trinh dong hoc
Sau khi tinh dugc cac thong s6 12 bac riéng cua RB19, O,, xuc tac va cac gia
tri cua k va ko, ching toi xay dung dugc phuong trinh dong hoc ctuia phan Gng oxi
hoa pha long thuéc nhuém hoat tinh RB19 bang O,, xUc tac 1a quing Mn-CB &
150°C la:
W = 2,6.10°[M]**°P o, *my
Phuong trinh dong hoc tong quat cho phan tmg ¢ nhiét do bat ky:

£ 6057,3
w=43e T [M]P®Po*m %

Trong do:

w: tdc d6 phan tng (mg.L™ . phat™)

T: nhiét d¢ phan ung (K)
- [M]: nong d6 RB19 & thoi diém bat ki (mg/L)
- Pog: &p suat O, dit vao hé (atm)

- My khdi lugng xic tac ding cho phan tng (mg/L)
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Tur phuong trinh dong hoc rat ra duge ¢ trén ¢ thé du doan dugc toc do
phan tmg ciia phan g oxi hoa pha long thudc nhudm hoat tinh RB19 bang O,, X(c
tac Mn-CB khi biét cac thong s6 phan ing nhu nhiét do phan tng, nong do6 RB19,

&p suat riéng phan cta O, va khdi luong xuc téc.

72



KET LUAN

Tir nhitmg két qua chon loc xiic tac, danh gia hoat tinh xuc tac va két qua
nghién ctru dong hoc cia phan tng oxi héa pha long thuéc nhudm hoat tinh kho
phan hiy sinh hoc RB19 bang O, ¢6 st dung xtc tac 12 quing Mn-CB, ching t6i di

dén mot so két luan sau day:

=Quing Mn-CB c¢6 hoat tinh xiic tac tét nhat trong cac xuc tac dd dung dé
nghién ctu (quéng Mn-TQ, quang Mn-HG, quang Mn-CB va quang Fe-TC). Cac
phan tmg sir dung quang Mn-CB qua va khong qua xir 1y ¢ nhiét d6 cao déu c6 hiéu
Suat xir Iy rat cao, Xtr Iy mau trén 92% va xir Iy COD tir 32 — 37% sau 175 phut
phan tmg.

=Hoat tinh xic tac cia quing Mn-CB rét t6t thé hién ¢ nang luong hoat hoa
clia phan ting dugc xuc tac bang quing Mn-CB giam mot nira so v6i nang luong
hoat hoa ctia phan tmg khong c6 xtc tac, cu thé 14 tir 25 kcal.mol™ dbi v6i phan tng
khong c6 xuc tac xudng con 12 kcal.mol™ ddi voi phan tmg dugc xiic tac bang

quang Mn-CB.

= Bang phuong phap toc d6 dau dé nghién ciru dong hoc cia phan tng, chung
t61 dd xay dung dugce phuong trinh dong hoc cho phan tng oxi hoa pha long thudc
nhudm hoat tinh khé phan hay sinh hoc RB19 bang O, ¢6 sir dung xtc tac 12 quing
Mn-CB nhu sau:

6057,3
W= 4’3 e T [M]O,55P020,4th1,22

Cac két qua thu duogc trong nghién ctru ndy sé& 12 tién dé cho cac nghién ciu
tiép theo nham danh gi4 tiém nang ung dung xuc tic quing Mn-CB vao xur ly cac

chat hitu co kho phan hiy sinh hoc néi chung, céac loai thudc nhuém khac néi riéng.

73



TAI LIEU THAM KHAO

A. Tai ligu tiéng Viét

1.

Nguyén Van Can, Pham Hong Huan, Tran Anh Ngoan, Hoang Buc Ngoc,
Nguyén Hing Quéc (1993), Pia chat cac mé khoang cong nghiép, Nxb Dai
hoc mé dia chat Ha Noi.

Tran Binh Chu (2003), Gido trinh kinh té nguyén liéu khoang, Nxb Pai hoc
mo dia chat Ha Noi.

Nguyén Thé Duyén (2007), Nghién cizu xiz ly mau dét nhugm bang phirong
phap Fenton, luan van thac sy, Ha Noi.

Cao Thé Ha, Nguyén Hoai Chau (1999), Cong nghé xi Iy nwéc nguyén 1y va
thuc tien, NXB Thanh nién, Ha Noi.

Cao Thé Ha (2007), Cong nghé méi trieong dai cwong, Ha Noi.

Hoang Trong Mai (1970), Khoang vdt hoc, Nxb Dai hoc va trung hoc chuyén
nghiép.

Tran Van Nhan, Nguyén Thac Stu, Nguyén Van Tué (1999), Hoa ly tap I,
NXB Giao duc, Ha Noi.

Tran Van Nhan, Nguyén Thac Siru, Nguyén Van Tué (1999), Hoa Iy tap 111,
NXB Giao duc, Ha Noi.

Tran Van Nhan, Nguyén Thi Nga, Hoa keo, NXB Dai hoc qudc gia Ha Noi,
Ha Noi.

10.Pang Tran Phong (1996), Nhing van dé méi trwong trong linh vuc thuéc

nhugm va x:i 1y hoan tat hang dét, Hoi nghi tap huan chuyén dé vé san xuat

sach trong cong nghiép dét va gidy, Ha Noi.

11.Dang Tran Phong (1999), Tinh trang 6 nhiém nuwéc thai va xi Iy nuéc thdi

trong nganhh dér nuoc ta, Dét may Viét Nam.

12.Dang Tran Phong (2003), Sink thdi méi triong trong dét nhugm, NXB Khoa

hoc va ky thuat, Ha Noi.

74



13.Dang Tran Phong, Tran Hiéu Nhug, Xi Iy nuéc cdp va nuwéc thai dét nhugm,
NXB Khoa hoc va ky thugt, Ha Noi.

14.Tong cong ty dét may Viét Nam (2002), Bdo cdo dé tai: xay dung chién hroc
bado vé moi truong nganh dét may, Ha Noi.

15.Cao Hitu Truong, Hoa hoc thusc nhugm, NXB Khoa hoc ki thuat, Ha Noi.

16.Vién cong nghiép Dét Soi (1993), Sé tay tra cizu thusc nhugm, Ha Noi.

17.Pang Xuan Viét (2007), Nghién cizu phwong phdp thich hop dé khir mau
thuéc nhugm hoat tinh trong nwéc thai dét nhugm, Luan van tién si ki thuat,
Ha Noi.
B. Tai li¢u tiéng Anh

18. Abraham Reife, Harold S.Freeman (1996), Enviromental chemistry of dyes
and pigments, John Wiley & Sons, Inc.

19.A.Pintar, J. Levec, Chem.Eng.Sci. 47 (1992) 2395: Cu-Zn/ alumina or silica,
phenols.

20.A.R. Sanger, T.T.K.Lee, K.T.Chunang, in: K.Smith, E.C. Sanford (Eds.),
Progress in catalysis, Elsevier, 1992, p. 197: Cu/Al203, silica, Fe/ silica for
clorophenol treatment.

21. Athanasios Eftaxias (2002), Catalytic wet air oxidation of phenol in a trickle
bed reactor: Kinetics and reactor modeling, Doctor thesis in Chemical
engineering.

22.EA Clarke and Anliker (1984), Rev. Prog. Coloration, 14, p84

23.F. Luck, Wet air oxidation: past, presion and future, Catalysis today,
53(1999), 81-91.

24.G. BAIdi, S. Goto, C-K. Chow and J.M.Smith, Ind. Eng. Chem, Process Des.
Devel (1974), 477.

25.H. S. Silca, N. D. Marinez, A. C. Deiana, J. E. Gonzalez , Catalytic oxidation
of methylebe Blue in aqueous solutions, 4™ Mercosur Congress on process

systems engineering, Argentina W. Wesley Eckenfelder, Alan R.Bowers,

75



John A.Roth (1996), Chemical oxidation technologies for the nineties —
Volume 6, Technomic Publishing Company, Inc.

26.Imamura, I. Fucuda and S. Ishida, Ind. Eng. Chem. Res. 27 (1988), 721.

27.J.Levec and A.Pintar, Catalytic oxidation of aqueous solutions of organics.
An effective method for removal of toxic pollutants from waste waters,
Catalysis today, 24 (1995), 51-58

28.Matthew J. Birchmeier, Charles G. Hill, Jr. , CarJ. Houtman, Rajai H.Atalla,
Ira A.Weinstock (2000), Enhanced wet air oxidation: Synergistic rate
acceleration upon effluent recirculation, American chemical society.

29.Parag R.Gogate, Aniruddha B. Pandit, Areview of imperative technologies
for waste water treatment I: oxidation technologies at ambient conditions,
Elsiver, 2004, 501-551.

30.Q.Zhang, K.T. Chuang, Appl. Cat. B: Environmental 17 (1988) 321: Pt- Pd-
Ce/Al,03

31. Shengli Cao, Guohua Chen, Xijun Hu, Po Lock Yue, Catalytic wet air
oxidation of wastewater containing ammonia and phenol over activated
carbon supported Pt catalysts, Elsivier, Catalysis Today 88 (2003) 37-47.

32.S.Imamura, Ind.Eng.Chem.Res. 38 (1999) 1743: CWO Review

33.Sylvain Miachon, Victor Perez, Gabriel Crehan, Eddy Torp, Henrik Raderb,
Rune Bredesen, J.-A. Dalmona, Comparison of a contactor catalytic
membrane reactor with a conventional reactor: example of wet air oxidation,
Elsivier, Catalysis Today 82 (2003) 75-81.

34.Svetlana Verenich (2002), Wet oxidation of TMP concentrated paper mill
process water. Kinetics of the reaction, Mater of Science Thesis.

35.Svetlana Verenich (2003), Wet oxidation of concentrated waste water:
Process Combination and Reaction Kinetic Modelling, Doctor of Science
Thesis.

36.Xu Xinhua, He Ping, Jin Jian, Hoa Zhi wei (2005), Fe salts as catalysts for

the wet oxidation of o-chlorophenol, journal of Zhejaiang University science.

76



PHU LUC

77



Phu luc 1
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Phu luc 2:
Bang s6 liéu két qua thuc nghiém

Bdng 1: Két qua xir Iy RB19 ciia phdn ieng khéng c6 xiic tic (Blank)
va phdn irng dwoc xiic tac boi cdc loai quang khéong nung khdac nhau
Nong do RB19 (mg/L)

Blank | Mn-TQ | Mn-HG | Mn-CB | Fe-TC

0 760,0 760,0 760,0 760,0 760,0
35 760,0 624,7 614,6 180,3 715,7
55 756,1 432,8 407,6 64,1 655,1
75 751,0 271,2 230,8 49,0 614,6

115 740,9 165,2 134,8 49,0 564,1
145 730,8 119,7 89,4 49,0 538,9
175 730,8 89,4 69,2 49,0 528,8

t (phat)

Bdng 2: Két qua xir Iy COD ciia phén irng khong cé xiic tic (Blank)

va phdn irng dwoc xiic tac boi cdc loai quang khong nung khdac nhau

COD (mgO,/L)

Blank | Mn-TQ | Mn-HG | Mn-CB | Fe-TC
0| 9550 955,0 955,0 9550 | 955,0
35| 9550 898,3 921,7 825,0| 8417
55| 955,0 841,7 888,3 725,0| 7817
75| 951,7 788,3 848,3 665,0| 761,7
115 | 9417 758,3 808,3 6450 | 7483
145 | 935,0 738,3 791,7 645,0 | 7417
175 | 9317 718,3 778,3 6450 7383

t (phut)
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Bdng 3: Két qua xir Iy RB19 ciia phdn irng khong cé xiic tic (Blank)
va phdn irng dwo'c xiic tac boi cdc loai quang nung khdc nhau
Néong d6 RB19 (mg/L)
Blank | Mn-TQ | Mn-HG | Mn-CB | Fe-TC
0| 760,0 760,0 760,0 760,0 | 760,0
35| 760,0 746,0 751,0 720,7 | 7409
55| 756,1 655,1 675,3 508,6 | 6854
75| 751,0 543,9 554,0 240,9 | 6399

t (phut)

115 | 740,9 427.8 422,7 94,4 | 5641
145 | 730,8 367,2 3419 742 | 518,7
175 730,8 3116 286,4 59,1 | 4833

Bing 4: Két qua xir Iy COD ciia phén irng khong cé xiic tic (Blank)
va phdn irng dwo'c xiic tac boi cdc loai quang nung khdc nhau
COD (mgO2/L)

Blank | Mn-TQ | Mn-HG | Mn-CB | Fe-TC
0] 9550 955,0 955,0 955,0 | 955,0
35| 955,0 931,7 938,3 868,3 | 8483
55| 955,0 868,3 908,3 758,3| 7883
75| 9517 818,3 878,3 698,3| 7750
115 | 9417 7717 828,3 645,0| 768,3
145 | 935,0 748,3 808,3 621,7 | 7617
175 | 9317 728,3 801,7 598,3| 7617

t (phut)
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Bdng 5: Sw thay déi nong dé RB19 theo thoi gian ciia cdc phén ieng c6 xiic tic

duwoc tién hanh ¢ cdc nhiét dp khdc nhau

] Nong do RB19 (mg/L)
t{phu T=120°C | T=130°C | T =140°C | T = 150°C

0(*) 422,7 422,7 4227 4227

5 407,6 397,5 387,4 377,3
10 367,2 362,1 347,0 336,9
15 326,8 316,7 301,5 296,5
20 306,6 296,5 281,3 266,2
30 281,3 271,2 256,1 235,9
60 230,8 220,7 195,5 175,3
90 200,5 190,4 150,0 119,7
120 170,2 155,1 114,6 84,3

Bdng 6: Sw thay déi nong dé RB19 theo thoi gian ciia cdc phén irng

khéng cé xiic tic dwoe tién hanh ¢ cdc nhiét dp khdc nhau

Nong d6 RB19 (mg/L)
t (phat)
T =140°C | T=150°C | T=160°C | T=170°C | T = 180°C
0(*) 4227 4227 4227 4227 4227
10 4227 4227 4177 4177 412,6
20 4227 417,7 412,6 407,6 402,5
30 4227 417,7 407,6 397,5 3874
60 417,7 412,6 402,5 382,3 367,2
90 417,7 407,6 3924 367,2 352,0

(*) t=0 (phiit) dwoc quy wéc 1A thoi diém hé dat nhiét dg phan img
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Phu luc 3:

Két qua do dién tich bé mit riéng
cua cac loai quing Mn-CB, Mn-TQ, Mn-HG, va Fe-TC
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