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Toém tat - Cong nghiép phat trién kéo theo nhidu van dé& vé moi
truang, nuwéce théi xi ma c6 thanh phén chinh Ia cac kim loai ndng
v&i ndng do cao la van d& méi trwong dwoc quan tam hién nay.
Cong nghé Fixed-Bed dwoc (rng dung rat rong rai trong cac qua
trinh céng nghiép va x& ly moi truong, rom la mét loai phu pham
néng nghiép rat pho bién va ré tién & Viét Nam, co tiém néng ung
dung lam vat liéu hdp phu trong x& ly nwéc thai. 'ng dung x ly
nwéc thai xi ma bang cong nghé Fixed-Bed st dung rom la vat liéu
hap phu cé tiém nang I&n va mang lai hiéu qua kinh té cao. Két
qua nghién clru cho thay: & pH = 6,5 va tbc do dong 0,15 (m¥mZ2.h),
mod hinh 20% rom HNO; (C = 2%) cho hiéu qua x& ly d6 mau la
92,3%, COD - 82,2%, Cr* - 59%, Cr®" - 89,8%; & md hinh 20%
rom nwéc cho hiéu qua x&r ly dé mau 1a 88,4%, COD - 80,2%, Cr*
- 53%, Cr® - 86,4%. Diéu nay cho thdy rom x& ly bang nwéc co
kha nang &ng dung lam vat liéu hdp phu muc dich x& ly nwéc thai
xi ma.

T khéa - Fixed-Bed; nwéc thai xi ma; xr ly kim loai nang; rom;
hap phu.

1. Pt van dé

Hién nay, nganh cong nghiép xi ma dang phat trién
manh mé, cung cap san pham tng dung trong nhiéu linh
vuc san xuit khac nhau, di doi véi su phat trién do la luong
nudc thai dang ngay cang gia tang, nudc thai xi ma chua
nhiéu héa chit doc hai, dic biét 1a 6 nhidm kim loai ning
anh huong 16n dén méi trudng sinh thai va sic khoe con
nguoi. Cong nghé Fixed — Bed tir 1au da duogc st dung
trong cac qua trinh cong nghiép nhu 16 phan ung hoa hoc
xuc tac, hap phu,... [1] mang lai hiéu qua cao va tiét kiém
chi phi xay dung.

Rom 14 loai vat lidu phd bién va ré tién. Rom chira
khoang 40% cellulose, chung la nhiing polymer sinh hoc
tu nhién c6 tinh chat trao d6i ion. Piéu nay gitip rom tr&
thanh ddi tuong t6t 1am chat hip phu sinh hoc trong viéc
xu 1y nude thai chira kim loai [2].

Dé giai quyét nhitng vin dé trén, nhom thuc hién
nghién ciru nay dé danh gia hiéu qua xtr Iy kim loai ning
ctia nude thai xi ma sir dung cong nghé Fixed — Bed ding
rom 1a vét liéu hip phu dé x4c dinh toc d6 dong thich hop
cho mé hinh hip phu.

2. N¢i dung va phuong phap nghién ciru
2.1. Ngi dung nghién ciru
Nghién ctru nay gdm 2 ndi dung chinh thuc hién 4 thi
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nghiém (Hinh 1 va Hinh 2) khac nhau dé xac dinh phuong
phap xir ly rom va xac dinh lugng rom thich hop, tir do st
dung cong nghé Fixed — Bed sir dung rom lam vat liéu hép
phu dé xac dinh tdc d6 dong thich hop cho qua trinh xir 1y
nudc thai.

Noi dung nghién ctru dugc thé hién trong Hinh 1
va 2.
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Hinh 1. Ngi dung thi nghiém xdc dinh
luwong rom thich hop
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Hinh 2. Ngi dung thi nghiém xdc dinh cac Yéu té
danh huong dén qud trinh hap phu

*Ghi chu:

Su loai bo kim loai tang khi nhiét 36 dung dich ting Fir
30 —35°C, tuy nhién sy gia tang trd nén khong y nghia néu
nhiét d6 gia tang tr 25 — 30°C [2], vi vay trong nghién ciru
ndy nhom tac gia khong khao sat anh hudng cua nhiét do
thay doi tur 25 — 30°C.
2.2. Phuwong phap nghién ciru

M6 hinh nghién ctru:

10% 20% 30%

40% 50%

Ch thich:

1. Thung chira nuoc thdai

3. Bom dinh lrong

5. Van xa nuoc

7. Puong éng dan nudc ra
Hinh 4. M6 hinh Fixed — Bed

v’ Vit liéu nghién ciru:

2. Thung chira nuoc sau xur ly
4. Cot hdp phu
6. Puong ong dan nweée thai vao

Nuée thii: Nudc thai dugc 14y sau khi qua hé thdng xir
1y hoéa ly cua co s¢ xi ma tai KCN Long Binh, Pong Nai.
Biéng 1. Thanh phan tinh chét nude thai xi ma

A . N ~| QCVN 40:2011/BTNMT
Thong so Ponvi |Nong do Cot B [3]
pH - 2,5 55-9
COD mg/l 360 150
Cr3* mg/l 0,5 1
Cré* mg/l 0,44 0,1

(Nguon: Phong Thi nghiém Phan tich M&i truong, 2016)

Rom: Rom dugc danh gia nhu phuong tién loc chat ban
tr dung dich nudc va duge vi nhu than hoat tinh trong viéce
loai bo cac kim loﬂai nang. Bén canh kha nang tach kim loai
nang, rom con thé hi¢n kha nang hap phu tot véi dau.

Xu 1y rom le‘m} vat liéu h?ip phu: Rom dugc qét nho 1,5
- 2,5 cm theo chiCu dai. Sau d6 duoc mang di sdy kho sao
cho @6 am rom con 25 - 30%.

Tiép d6 rom dugc xir Iy bang 2 cach: Xir Iy rom bang dung
dich HNO3 2%, 4%, 6%, 8%, 10% va xur ly bang nudc.

X ly b'flt}g dung dich HNO3: Ngam rom trong dung dich
HNOs v6i nong d tuwong tmg 2%, 4%, 6%, 8%, 10% trong
30 phut va rtra lai bang nude de loai bo d6 mau ctia rom.

_Xu ly bfipg nude: Ngam trong nude 30 phut, roa lai
bang nudc dé loai bo 6 mau cua rom.

Noi dung nghién ctru:

Nghién ctru nay thuc hién 4 thi nghiém (Hinh 3 va Hinh
4) khac nhau d€ xac dinh phuong phap xir ly rom va xac
dinh luong rom thich hop va sir dung cong ngh¢ Fixed —
Bed str dung rom lam vt liéu hap phu dé xac dinh cac chi
tiéu @6 mau, COD, Cr**, Cr®* sau xtr 1y.

2.3. Phwong phap phdn tich cdc chi tiéu

Viéc phan tich mau duoc thuc hién theo cac phuong
phép phén tich trong tai liéu [4].

Bing 2. Cdc phuwong phép phan tich mau

STT | Chi tiéu Phuong phap DPon vi | Thiétbj
1 H 4500 — H+ B. i pH 211
P Electrometric Method pH Meter
5220 C. Closed ,
2 cop Reflux, Titrimetric Method mg/l Ti nung
3 Cr3 SMEWW 3120 B:2012 mg/l AAS
Cré* | SMEWW 3500-Cr B:2012 | mgy/I AAS

3. Két qua va ban luin
3.1. Xdc dinh lwong rom thich hop (thi nghiém 1, 2)
Qua cac thi nghiém cho thy, rom duoc str dung sau khi
hoat hoa bang axit HNOs v6i nong d6 khac nhau cho hi€u qua
xUr ly tot nhat ting vdi céc thé tich rom khac nhau, cu thé:
Véi népg d0 axit hoat hoa 2%, 4%, Q%, 8%, 10% va
hoat hoa bang nude cho hiéu qua xur ly t6t doi voi cac %
thé tich rom st dung tuong ung 1a 20%, 20%, 30%, 20%,
30%, 20%.
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Thei gian (gid)
=#= 0% rom HH bing HNO, (2%) 20% rom HH bing HNO, (4%) == 30% rom HH bing HNO; (6%)
= 20% rom HH béng HNO; (8%) =¥ 30% rom HH béing HNO, (10%) 20% rom HH bing mrdc

Hinh 5. Biéu d6 so sanh dg bién thién COD ciia mé hinh tinh sic
dung rom sau khi hoat hod bang axit va nudc
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Thoi gian (gio)

= 30% rom HH bing HNO; (6%)

20% rom HH bing HNO, (4%)
e 30% rom HH bing HNO, (10%)

~g=  20% rom HH bing HNO; (2%)
b 20% rom HH bing HNO, (8%)

Hinh 6. Biéu d6 so sanh dg bién thién Cré* ciia mé hinh tinh
s dung rom hoat hod bang axit va nuéc

Rom xit I bang HNO; 10%
Hinh 7. Rom sau khi dwoc xir 1y bang mieée va HNO3

Sau qué trinh hoat héa rom biang HNO3 va nuéc di
nang cao hiéu qua hap phu cia rom dbi véi cac thong sb
6 nhidm, tuy nhién & HNO3 ndng dé tir 6 — 10%, rom c6
hién twong bi pha hiy cu trac lam cho hiéu qua xi 1y
thap hon so véi & ndng dd 2 — 4%. Qua thi nghiém cho
thdy kha ning hoat hoa rom duoc xtr Iy bang HNOj3 t6t
nhét 1a & HNO3 ndng d6 2%; ddi véi rom duoc xir 1y bang
nudce, hidu qua xtr 1y cac thong s6 6 nhiém co thap hon
md hinh rom HNO3 nf‘mg d6 2%, nhung d¢ chénh léch
khong 16n, tu 4 — 10%.

Rom sau khi hoat hoa béng nude dé loai mau ty nhién
ctia rom (Hinh 7), higu qua xtr 1y ting dan tir thoi diém 0 —
5 gio, tai thoi diém 5 gi0, mo hinh dat hiéu qua cao nhit &
ty 1 rom 20%, sau d6 higu qua xir 1y it thay ddi va ting nhe
dén thoi diém két thic thi nghiém.

Rom sau qua trinh hoat hoa bang HNO3 ndng do 2%,
4% khong c6 hién tugng ra mau manh, rom van giit duoc
két cAu x6p va chic. O thoi diém 4 gio, két qua thi nghiém
cho thay chi c6 & mo hinh 20% rom HNOz ndng d6 2% la
dat hiéu qua t6t nhit. Sau khoang thoi gian 4 gio thi
nghiém, hiéu qua xur Iy c6 xu hudng giam.

Hiéu qua xir 1y tot nhit ctia mo hinh 20% rom HNO;
néng dd 2% tai thoi diém 4 gio:

= Hiéu qua xur Iy mau dat 76%.

= COD giam tir 360 xudng 90,7 mg/l, hiéu qua xir
1y dat 74,8%.

= Cr3¥giam tir 0,5 xudng 0,17 mg/l, hiéu qua xir Iy
dat 66%; Crf*giam tir 0,44 xuéng 0,11 mg/l, hi¢u
qua xtr ly dat 75%.

Dbi véi kha nang hap phu cia rom dwoc xir 1y bang
HNO3 nf“)ng d6 6%, 8%, 10% thi kha nang xir 1y mau, COD,
Cr¥, Cr®* twong dbi thap.

Rom sau hoat hoa ra mau nhiéu (Hinh 7), xép va d& bi
gay vun. Tai thoi diém hiéu qua xu 1y tdt nhat & mo hinh
30% thé tich rom dugc xir 1y bang HNOs ndng d6 10%, thi
kha ning hap phu cta rom chi dat 54% ddi véi COD, 30%
d6i véi Cr¥* va 34% d6i v6i Cr®. Sau 4 gio rom mat dan
kha ning hip phy, dan dén cac théng sb 6 nhiém do dac
khong mang lai hi¢u qua xir Iy mong mudn.

Bing 3. So sanh hiéu qua x Iy ciia mé hinh rom
dwoc xir Iy bang HNOs 2% va nucc

Hiéu qua xur ly
Thong 0.0 | 2006 thé tich rom | 20% thé tich rom
nhiem dugc xir ly bang | dugc xir ly bang
HNOznong do 2% nudce
Do mau 76% 63,2%
CoD (mg/l) 74,8% 70,5%
Cr¥*(mg/l) 66% 60%
Cré*(mg/l) 75% 68,2%

Luong rom thich hop dugce lwa chon tuong tng 1a ty 1¢
20% the tich rom xur ly bang HNOs nong do 2% va 20%
the tich rom xur Iy bang nudc.

3.2. Cdc yéu té anh hwéng dén qud trinh hip phu

Téc dé dong:

) Téc do dong 1a thong s6 vo cling quan trong doi voi s
hap phu sinh hoc trong Fixed — Bed, bdi vi qua trinh trao
d0i ludn ludn bi ki€m soat boi qua trinh truyén khoi. Do do,
de nghién ctru anh hudng cua toc do dong 1én sy hap phu
kim loai trong Fixed-Bed thi luu lugng dong dugc thay doi
tr 0,05 dén 0,2 (M*m?.h) theo thoi gian.

Két qua cho thay rd su giam manh ctia nong d¢ ion kim
loai trong gio du ti€n 6 toc do dong khac nhau. Tuy nhién
kha néng loai bé Crom khong nhiéu lam ¢ luu luong dong
cao hon.

Hiéu qua xtr 1y cac thong s6 6 nhidm & cac téc do dong
0,05;0,1; 0,15 (m3/m2.h) & md hinh rom axit va rom nuéc
deu dam bao QCVN 40:2010/BTNMT Coét B.
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Thoi gian (git)
Rom HH Rom HH Hiéu qu xit Iy cia MH Hibu qui =it 1y cia ME
W bingaxit B ping moc Rom HHbangaxit ﬁ'smq'“fm”iﬁg“:m

Hinh 8. Biéu do thé hién sw anh huong tdc dg dong 0,15mih
dén hiéu qua xu Iy COD
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0 TB2 TB 4 TB 6 TB 8
Thoi gian (gio)
= y Rom HH Hiéu qua xit Iy coa MH Hiéu qua xit Iy cia MH
B bingaxit W bing nudc Rom HH bing axit Rom HH bing mrdc

Hinh 9. Biéu do thé hién su dnh hudngcua toc df dong 0,15m/h
dén hiéu qua xir Iy Cré*

O téc d6 dong 0,2; 0,25 (m*m?>h) hi¢u qua xir Iy cua
mo hinh giam 13 rét vi tc do 'dong 16n hon kha néng hép
phu cia rom, cac gia tri 6 nhiém cé thoi diém vuot gia tri
cho phép tai Cot B — QCVN 40:2011/BTNMT.

Tinh trén phuong dién hiéu qua kinh té, vi chénh léch
ctia hiéu qua xir Iy ¢ 3 tdc do dong 0,05; 0,1; 0,15 (m*/m?.h)
1a khong qua 16n, cac thong so déu thap hon quy chuén,
nén chon téc do dong 0,15 (m3/m?2.h) dé tién hanh céc thi
nghiém tiép theo.

Bang 4. So sanh hiéu qua xit Iy ciia mé hinh rom duwoc xi Iy
bang HNOs3 2% va nuéc voi toc do dong 0,15 m/h

Hiéu qua xu ly

Thong s6 6 nhiém 20% rom dugc xir ly | 20% rom dugc xir
bang HNO3nong d¢ 2% | ly bang nudc
D6 mau 88,5% 82,8%

COD (mg/l) 76,8% 74,4%
Cr3*(mg/l) 56% 53%
Cr*(mgl/l) 87,5% 82,9%
pH:

Sy anh hudng cua pH 1én ning lyc hip phu sinh hoc
dugc quy cho trang thai hoa hoc cua kim loai ning trong
dung dich tai mét pH dac biét. Sy gia tang cta pH c6 thé
lam ting hay lam giam nang lyc hap phu sinh hoc, két qua
khéc nhau cua cac gia tri pH tbi uu phu thudc loai cua vat
liéu hap phu sinh hoc, diéu nay dwoc di duogc trinh bay
trong nhitng nghién ctru trude day [5, 6, 7].

Theo két qua thi nghiém, ta thdy hiéu qua xur Iy d6 mau,
COD, Cr¥ ,Cr* tir qua trinh hap phu ctia rom bi anh huéng
boi pH ciia nude thai. O khoang pH tir 5 — 6,5, hi¢u qua xtr
1y tang dan, chirng t6 khi ting pH dén 6,5 qua trinh hap phu
dién ra tot nhat, & pH = 6,5 cac thong s6 xir 1y déu thap hon
QCVN 40:2011/BTNMT Cét B.

O gia tri pH thip hon, ndng d6 ciia H* trong dung dich
cao hon, do d6 ¢o su canh tranh nhidu hon tai vi tri hoat
dong trén rom gitta ion kim loai va H* hién dién trong dung
dich, két qua 1a su loai bo kim loai thap.

Khi pH tiép tuc tang dén pH > 7 hiéu qua lai bét dau
giam va vuot qué gid tri cho phép, kha ning tao két tua Niz*
lam giam hiéu qua hap phu trén rom.

O pH = 6,5, hiéu qua xir Iy cac théng s6 do mau, COD,
Cr¥, Cr®* deu dat hiu qua cao (Hinh 10, Hinh 11), qua
trinh hap phu dugc duy tri tur thoi diem tir 2 — 6 gio va dat
gia tri cao nhat ¢ thoi diém 6 gio, sau dé hi¢u qua giam
manh & 8 gio.

Su chénh 1éch hi¢u qua xi 1y ciia 2 mo6 hinh tir 2 - 6%
duoc thé hién ¢ Bang 5.

Bing 5. So sanh hiéu qua xu Iy ciia mé hinh rom dwoc xur Iy
bang HNO3 nong do 2% va nuéc ¢ pH = 6,5

Hiéu qua xur ly
Théng s6 6 nhidm| 20% thé tich rom | 20% thé tich
duogc xur Iy bang duogc xur ly
HNO3nong d6 2% | bang rom nudc
Do mau 92,3% 88,4%
COD (mg/l) 82,2% 80,2%
Cr¥* (mg/l) 59% 53%
Cré* (mg/1) 89,8% 86,4%
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Hinh 10. Biéu dé"thé’ hién sw anh huong cua pH = 6,5
dén hiéu qud xur [y COD
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Théi gian (gié)
1 RfMHH W  RomHH Hiéu qua xir Iy cia M —+F Hiéu qua = Iy ciia MH
bang axit biing nudc Rom HH bing axit Rom HH bing mrdc

Hinh 11. Biéu do thé hién su anh huong ciia pH = 6,5
deén hiéu qua xir Iy Cr®*
Qua thi nghi€ém nay ta lya chon pH = 6,5 1a pH thich
hop cho mo hinh thi nghiém.
Theo Ming Da Liu, Lei Guo, Jun Yang, Yao Jing Wang
(2013), doi véi vat liéu hap phu la rom, khoang gia tri pH
toi uwu tir 5 — 6,6 1a phu hgp véi két qua nghién curu [8].
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4. Két luan

Trong sudt qua trinh thuc hién nghién cuu nay, béang
cac phuong phap phan tich chi tiéu va xtr ly s6 liéu, nhom
nghién ctru da nhan thay rang kha ning xir 1y va hiéu suat
Xt 1y céc chi tiéu COD, Cr**, Cré* trong nudc thai xi ma
cua cong nghé Fixed — Bed str dung rom 1a vat li¢u h?ip phu
déu khong vuot qua ngudng cho phép cia QCVN
40:2011/BTNMT Coét B.

Nudc thai diu vao ciia mé hinh véi cac thong sb: COD
=360 mg/l, Cr¥*= 0,5 mg/l, Cr&*= 0,44 mg/I.

D6i voi mo hinh xac dinh lugng rom thich hop: O mo
hinh 20% thé tich rom duoc xir Iy bang HNOz nong d6 2%
thi cho hi¢u qua xir 1y cao, cu thé: d6 mau dat 76%, COD
dat 74,8%, Cr3* dat 66%, Cr®* dat 75%. Con dbi véi mo
hinh 20% thé tich rom duoc xir 1y bang nudc thi cho higu
qua xur ly do mau 1a 63,2%, COD 1a 70,5%, Cr® 60%, Cré*
68,2%.

Vé ndi dung danh gia cac yéu té anh huong dén qua trinh
hap phu cho thy: O gi4 tri pH = 6,5 va toc d6 dong 0,15
m/h, md hinh 20% thé tich rom dugc hoat hoa bang HNO3
nong d6 2% cho hidu qua xir Iy d6 mau 1a 92,3%, COD la
82,2%, Cr*59%, Cr*89,8%. Con dbi v6i md hinh 20% thé
tich rom dugc xtr Iy bang nude thi cho hiéu qua xir Iy d6 mau
1a 88,4%, COD la 80,2%, Cr®*53%, Cré*86,4%.

Qua d6, ta thay hiéu qua xur Iy cia rom sau khi hoat hoa
bang HNO3 2% cao hon rom hoat héa bang nude tir 2 —
6%, tuy nhién voi mo hinh sir dung rom hoat hoéa bang
nudc, cac thong sb 6 nhiém nam trong gia tri cho phép cia
QCVN 40:2011/BTNMT Cét B, nén xét vé chi phi kinh té,
nhom nghién ctru lya chon rom hoat héa bang nudc su
dung cho mé hinh Fixed — Bed dé xir 1y.

Vit lidu rom sau khi hét kha niang hoat hoa ta thu gom
va xur ly dinh ky bang phuong phap nhiét (sir dung 16 d6t 2
cip xir 1y chét thai). Do rom c6 nhiét tri 16n nén viéc @t
rom c6 thé giam nhién liéu bd sung cho qua trinh ddt trong

10 ddt 2 cap, qua d6 tiét kiém dwoc chi phi trong qué trinh
d6t. Ngoai ra, lugng rom nay c6 thé sir dung lam nguyén
liéu cho qué trinh d6t cong nghiép. Tuy nhién, phuong an
nay can nghién ciru anh huéng cia lugng khi phat sinh
trong qua trinh d6t dén moi trudng va danh gia vé loi ich
kinh té - moi truong dé c6 giai phap thich hop cho viée st
dung lugng rom nay.

Nghién ciru nay cho thiy, nudc thai sau khi xir Iy & cac
thong so thich hop cua qua trinh hap phuy dat higu qua twong
dbi cao, dap ing yéu cau dau ra cta nudc thai cong nghiép.
Viéc ung dung mo hinh Fixed — Bed st dung rom la vét
liéu hép phu rat thich hop dé mg dung xir Iy nudc thai xi
ma va gbp phan bao vé moi truong.
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