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TOM TAT

Xir Iy va thu héi amoni, photphat c6 trong nudc thai ché bién mi la van dé rat dang dwoc
quan tam nham giam thiéu 6 nhiém méi truong. Amoni va photpho ¢6 rdt nhiéu trong mede thai
ché bién mii cao su, lam dnh hwéng nhiéu dén hiéu qua xir Iy ciia hé thong xir Iy nude thdi.
Nghién civu nay sé tién hanh cdc thi nghiém xdc dinh cdac yéu 16 anh hwong dén hiéu qua hiéu
quda xu Iy, thu hoi amoni va photpho bang két tia struvit doi véi nude thai ché bién mi cao su.
Két qua nghién ciru cho thdy ¢ gia tri pH 9,5, ti 16 mole Mg**: P-PO,> la 1,3:1, thoi gian phan
ung la 60 phut hiéu qua logi amoni va photpho dat gia tri dat lan lwot la 82 va 96%; Luong két
tua thu dwoc la 4,16 gam/lit nuoc thdi.

Tir khoéa: Struvit; Thu hdi amoni; Phophot; Xir Iy nuée thai ché bién mii cao su.
1. PAT VAN BPE

Nito va photpho 1a mét trong nhitng nguyén té co ban cia sy sdng va lién quan dén phan 16n
hoat dong san xuit va sinh hoat cta con ngudi, con dwgc xem nhu 13 ngudn dudng chit quan
trong cho qua trinh phat trién cta thyc vat, bao gdm ca nhiing loai thyc vat phu du trong nuée
ngot [1]. Nudc thai nha may che bién mi cao su ¢ chira amoni va photpho néu chua xur 1y dat
tiéu chuan, s& xam nhép vao ngudn nudce ty nhién, tir d6 gay ra hién twong phii dudng, mang dén
nhidu hau qua x4u cho méi trudng va sirc khoe con ngudi. Theo Vién Nghién ciru cao su V1¢t
Nam, luong nudc thai phat sinh trung binh trong ché bién miu cao su tai nudc ta khoang 25 m®
nuéc thai/tdn san pham [2]. C6 rat nhiéu phuong phap dé xu ly va loai bo amoni, photphat trong
nuée thai: hoa hoc, sinh hoc dd dwoc nghién ciru, phat trién va dat duoc hidu qua nhat dinh nhu
dién hoa, keo tu tao bong, anammox, AAQO. Tuy nhién, dbi voi loai hinh nudc thai ¢ nong do
amoni qua cao, s€ gay Urc ché hoat dong cua vi sinh vat, do d6 nghién ctru thu hoi, tai sir dung
cac chat dinh dudng (nito, photpho) bang phuong phap két tha struvit vira dap (mg muc tiéu bao
vé ngudn nudc, tiét kiém ning luong, vira thu hoi du0’c chat dinh duong struvit dung dé lam
phan bon [3]. Struvit dwoc tao ra béi cac ion nhu: Mg?*, NH,* va PO,* theo phwong trinh sau:

Mg®* + NH," + PO, + H,0 <> MgNH,P0,.6H,0 (1)

Nhiéu nghién ctru di chi ra rang, hon 90% luong nito va photpho hoa tan trong nude thai co
thé duoc thu hdi dudi dang két tia struvit [4]. Do su hoa tan thap trong méi truong pH trung
tinh, nén struvit duoc xem la mot loai phan bon nha cham tuyét voi, so voi phan amoni, photphat
truyén thong [5]. Nghién clru ndy t1en hanh khao sat cac yéu t6 anh hudéng nhu: pH, thoi gian
phan g, ti 18 mol Mg:P, ndng d6 Ca®* dén hiéu qua thu hoi amoni, photpho trong nudc thai ché
bién mu cao su bang phuong phap két tua struvit.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

Nudc thai sau cong doan xir 1y ky khi ciia HTXLNT Nha méy ché bién mu dién hinh. Thanh
phén va dac tinh nudc thai nhu bang 2.1.

82 N.V.T. Huy, ..., N. T. TUng, “Céc yéu t6 anh hwéng ... bang phwong phdp két tiia struvit.”



Nghién ctru khoa hoc cong nghé

Bing 1. Pdc tinh nuée thai ciia Nha mdy ché bién mii cao su
(sau cong doan tach mu va ky khi).

STT Thong s6 Pon vi Gia tri
1 pH - 75
2 COD mg/L 1640 +5
3 NH," mg/L 224 + 4
4 PO mg/L 134 +3
5 Mg~ mg/L 48
6 Ca™* mg/L 15

Nguon: Vién Nhiét déi méi trieong (2017).

Hoa chat: Céac loai hoa cht st dupg trong thi nghiérq nhu: Thudc thir Nessler, NaOH, NH,CI,
KH,PO,, MgC|2.6HzO la cac hoa chat & cap do tinh khiét thudc hang Merck - Purc hodc Xilong -
Trung Quoc.
2.2. M6 hinh thi nghiém

Mo hinh nghién ctru 1a m6 hinh phan tmg c6 khudy lién tuc (Continuous flow Stirred Tank
Reactor - CSTR) lam bang thuy tinh, C6 dudng kinh 110 mm, chi€u cao 160 mm (hinh 2.1). M6
hinh CSTR cho phép nghién ctru dong hoc, anh huong cua cac thong s6 cong nghé dén hiéu suat
cua phan ung, cho phép xac dinh diéu kién lam viéc t6i uu ctia thi€t bi phan Gng.

F,Cao
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Hinh 1. M6 hinh nghién ciru CSTR.
2.3. Phuong phap nghién ciru thwe nghiém

Tién hanh céc thi nghiém dénh gi anh hudng cia timg yéu t6 dén hi¢u qua thu hoi amoni va
photpho ¢6 trong nudc thai nha may ché bién mu cao su (sau cong doan xu 1y ky khi). Céc thi
nghi¢m dugc tién hanh voi moé hinh nghién ciru CSTR, toc d6 khuay tron 1a: 50 vong/phut.

- Anh huodng cia pH.

- Anh huéng ciia ti 1& mol Mg®": NH,": PO,™.

- Anh hudng cia ndng d6 Ca®".

- Anh huong cta thoi gian phan tng.

pH dugc diéu chinh bang NaOH 30% dén gié tri cin nghién ciru.

Str dung hoa chét nhu: NH,CI, KH,PO,, MgClo.6H;0, CaCl, thém vao dé thay doi ti 1¢ mol gitta
cac chat phan ung can nghién ctru dé danh gia cac yeu t6 anh huong dén qua trinh két tua struvit.
2.4. Phuwong phap phén tich

Céc phuong phéap phan tich dugc sir dung trong qué trinh van hanh mé hinh gdm c6:

- Chi tiéu Amoni, xac dinh bang phuong phap so mau véi thudc thir Nessler (US EPA
Method 350.2).

- Chi tiéu PO,%, x4c dinh ham lugng photphat bang phuong phap so mau véi axit ascorbic va
dung dich (NH4)sM07024 (TCVN 6202:2008).
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- Chi tiéu pH do bang may do pH cam tay Hach pHI+.

- Mau ket tia struvite dugc dé kho theo nhiét do phong, khoang thoi gian la 18-20 gio trong
binh hat 4m, sau d6 dem can dé xac dinh trong lugng, phan két tua tiép tuc duoc dem di chup
hinh kinh hién vi dién tir quét SEM, EDS tai phong thi nghiém Cong nghé Nano, Trung tim
nghién ciru trién khai - Khu cong nghé cao, quan 9, Tp.H6 Chi Minh dé xac dinh thanh phan va
cau tric tinh thé.

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia pH
Nudc thai sau cong doan xir 1y ky khi ciia Nha may ché bién mu cao su cé c6 nong do Mg”';
PO,*; NH,"; 1an luot 1a: 48 mg/L; 134 mg/L; 224 mg/L twong Gng ti 16 mol cia Mg?*: PO,*:
NH," 1a 1,3:1:8,6 (bang 2.1). Bé xac dinh anh huong cua pH dén hiéu qua thu hdi amoni va
photphat thi nghiém duoc tién hanh véi ti 1¢ mol ciia Mg®*: NH,": PO,* 1a 1:1:1 va gia tri pH

dugc khao sat 1a 8,0+11; thoi gian phan tmg 13 60 phut, van toc khudy tron 50 vong/phut.
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Hinh 2. Anh hwong ciia pH dén hiéu qud thu hoi photphat va amoni
déi véi mede thai ciia Nha mdy ché bién mii cao su.

Két qua nghién ciru cho thdy: O pH tir 8-9,5 hiéu suét loai amoni va photpho dat gia tri cao
lan luot ting khi pH tang, dat hon 80%, nhung hiéu qua loai photphat c6 xu hudng giam xudng
con 76% khi pH >10 (xem hinh 2). Hiéu suét loai photphat, amoni lan luot dat 85% va 75% & gia
tri pH 9,5. Khi pH tang Ién 10 va 11 thi hiéu suat loai amoni tang Ién trén 90% nhung loai
photphat giam con 60%, dicu nay ching t6 ¢6 sy chuyén d6i mot phan amoni thanh khi amoniac
khi pH tang, do do, hiéu qua loai photpho giam va lam giam khoi lugng két tda struvit [6].

3.2. Anh huwéng ciia thoi gian phan g
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Hinh 3. Anh huong ciia thoi gian phan img dén hiéu qua loai photphat va amoni
doi véi mde thai cia Nha mdy ché bién mii cao su.
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Thi nghiém dugc tién hanh véi ti 1& mol cua Mg2+: PO, NH," 1a 1:1:1; pH duoc diéu chinh
& muc 9,5. Thoi gian tién hanh thi nghiém 1a 90 phut, cr sau 15 phit phan tmg thi tién hanh lay
mAau va phan tich cac chi sé NH,*, PO,> va danh gia hiéu qua xu ly. Két qua nghién ctru cho
thiy, voi thoi gian phan Gmg 60 phut hiéu qua loai photphat, amoni t6i wu nhat dat 83% va 75%.
Hiéu qua loai photphat va amoni thay d6i khong déng ké sau thoi gian 60 phat (xem hinh 3).

Diéu nay ciing phii hgp véi nhiéu nghién ctru da dugc cong bd, thoi gian phan img tao két tia
struvit trong khoang 30 - 60 phut, thoi gian dai hon chi dé lam ting kich thudc tinh thé struvit
16n hon [7].

3.3. Anh huéng ciia ion Ca**

Thi nghiém nghién ctru anh huéng ciia ion Ca** dén hidu quéa thu hoi amoni va photpho c6
trong nude thai ché bién mu cao su duoc tién hanh voi Mg?*: PO,>: NH," 1a 1:1:1; pH duoc diéu
chinh & mitrc 9,5; b0 sung thém CaCl, véi nong d6 1a 50, 100, 150, 200 mg/L. T két qua thi
nghiém cho thiy, khi nong do Ca®* ting thi thi hiéu suat thu hdi amoni giam (xem hinh 4), diéu
nay dugc ly giai 1a do Ca®* da tham gia vao phan tmg voi PO, theo phuong trinh phan tng (2),
(3) nhu sau:

5Ca”" + 3P0;* + H,0 - Cas(PO);0H| + H' 2)
5Ca’* + 3P0,> = Cay(POu)s| 3)
100
Ophotphat (%) — oon
g0 | ——y EAmOni (%) -
gso :
,!g. a0 |
=y
20 |
0
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Hinh 4. Anh hwéng ciia ion Ca®* dén hiéu qua loai photphat va amoni
d6i véi nue thai ciia Nha mdy ché bién mii cao su.

Nhu vy, ¢6 thé thiy nong do Canxi c6 thé anh huéng dén hiéu qua thu hoi amoni va
photphat c6 trong nu6c thai va anh huong dang ke deén sy hinh struvit, mirc d tinh khiet va ngan
can sy tao mam struvit [8].

3.4. Anh hwéng ciia ti mol Mg®*: PO,

Cac nghién ciru cho thy ti 1¢ mol Mg**: PO,* anh huong dén hiéu qua thu hdi amoni va
photphat bang phuong phap két tia struvit, theo ly thuy€t phan tng ti 1¢ nay 1a 1:1 nén ti 1¢ mol
Mg”": PO,* trong nghién ciru ndy dwoc chon la 1:1; 1,1:1; 1,2:1 va 1,3:1 nham dép img muyc tiéu
thu hoi toi da luong photpho c6 trong nudce thai cia nha may ché bién mu cao su.

Két qua thi nghiém cho thay hiéu suét loai bo photphat ting nhanh tir 78% dén 87% khi tang
ty 1& mol Mg®": PO,* tir 1:1 dén 1,2:1 va dat 96% khi ty 1& mol Mg®": PO,* tir 1,3:1. Hiéu qua
loai amoni tang tir 68% 1én 86% khi ting ti mol Mg®": PO,” tir 1:1 dén 1,3:1 (xem hinh 5). Két
qua nay phu hop véi nhiéu cong trinh nghién ctru da khang dinh tam quan trong cua viéc ap dung
ty 1¢ mol Mg*": PO, cao hon gia tri theo 1y thuy@t, cac tac gia quan sat va phat hién ra hiéu qua
tich cuc trong viéc loai bo photphat bang cach tang liéu lugng Mg®": !3043' tor 1 1én 1,3 [9, 10].
Trong nghién ctru nay, ti mol cua Mg®": PO, tang tir 1:1 dén 1,3:1 nham myc tiéu thu hoi o1 da
luong photphat ¢é trong nudc thai va tranh du thira Mg?* dé giam luong hoa chat bd sung.
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Hinh 5. Anh huong cia ti 16 mol Mg®*:PO,> dén hi¢u gudt thu héi photphat amoni
co trong nuoc thdi cua Nha mdy ché bien mu cao su.
3.5. Panh gia san phiam struvit thu dwgc tir nuwée thai ché bién mi cao su
Mau két tia struvit thu dugce tai didu kién thi nghiém véi ty 1& mol Mg?: PO,*: NH," 1a
1,3:1:1; pH = 9,5; téc d6 khudy 50 _vong/phut, thoi gian phan ung la 60 phut dugc dem di chup
SEM va EDX dé danh gia thanh phan chit lugng cta san pham.

Bing 2. So sanh ty 1é % khoi heong cdc nguyén t6 trong két tia struvit thu duroc
khi khéng bé sung magie tir thi nghiém pH 9,5 va struvit tinh khiét.

TT | Nguyén td : % Khéi lwong . % K.hé.i luqng’
(Két tua struvit tir thi nghiém) | (Struvit tinh khiét)
1 O 63,05 65,3
2 Mg 10,07 9,9
3 P 12,34 12,6
4 K 7,23 -
5 Ca 5,34 -
6 Tong 100% -

60pm

Electron Image 1

Ul Seale 470 cts Cursor; 0.000

Spectrum 7

Hinh 6. Hinh chup SEM va phé EDS két tia struvit thu dwoc tir thi nghiém thu hoi amoni,
photphat co trong nuoc thai ché bién mu cao su.

Két qua cho thay, két tua ¢ dang tinh thé rd rang, c6 mau trang xen 1an nau sam, (xem hinh 6).
Phd EDX va s lidu x4c dinh ti 16 % khéi luong cac nguyén t6 trong két tna thu duoc (xem bang
2) tai pH 9,5 ¢6 thanh phan hoa hoc chu yéu 1a P, Mg va O. Ty 18 (%) khéi lwong cac nguyén tb
P, Mg va O lan luot 1a 10,07%; 63,05% va 12,34%. Ngoai ra, trong két tua con chira ca thanh
phin Ca va K.
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4. KET LUAN

Két qua nghién ciru da cho thdy, c6 nhiéu yéu té anh huong dén hiéu qua thu hdi amoni va

photpho c¢6 trong nudc thai ché bién mu cao su bang phuong phap két tua struvit nhu: pH, thoi
gian phan tmg, ndng d6 Ca®*, ti 1&é mol Mg®": PO,>. Can cir vao cac két qua thuc nghiém di xac
dinh duoc: Gia tri pH 1a khoang 9,5; thoi gian phan mg 1a 60 phut, ti 1& mol ciia Mg*": PO, la
1,3:1 va luong két tia thu dugc 1a 4,2 kg/m?® nuée thai.

Loi cam on: Tdc gia cam on sw tai tro' vé kinh phi ciia Vién Khoa hoc & Céng nghé quan su, gitip do

Vé y twong khoa hoc ciia PGS. TS Lé Anh Kién.
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ABSTRACT

Study on the effect of efficiency recovery ammonium and phosphate
in rubber wastewater by struvite precipitation

The removal and recovery of Ammonium and phosphorus from rubber wastewater is an
important issue to reduce water and environmental pollution. The aim of this study was to
recover N and P from rubber wastewater through a crystallization process at different
operational conditions. The effects of pH, Mg/P/NH4 molar ratio, and reaction time on the
yield of struvite recovery were discussed. The results showed that at the pH value of 9.5,
The reaction time is 60 minutes, the optimal mole ratio Mg2+: P-PO,*: N-NH, is 1.3:1:1,
the efficiency of ammonium and phosphorus removal is 82 and 96%, respectively; The
volume of struvite precipitate obtained is 4.16 g/liter of rubber wastewater.

Keywords: Ammonium recovery; Struvite precipitation; Rubber wastewater.
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