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TOI UU HOA QUA TRINH KET TUA STRUVIT
NHAM THU HOI AMONI VA PHOTPHO CO TRONG
NUGC THAI CHE BIEN MU CAO SU

Ng6 Van Thanh Huy”

Tém tit: Amoni va photpho cé rit nhiéu trong nude thdi ché bién mii cao su, lam dnh
hieong dén hiéu qua xir Iy ciia hé thong xir Iy nude thai. Nghién civu Ny sé tién hanh cdc
thi nghiém dé kiém tra anh hwéng ciia cdc théng sé qud trinh khdc nhau dén hiéu qua thu
hoi amoni va photpho bang két tia struvit doi voi mede thai ché bién mii cao su sau cong
doan ky khi. Két qud cho thdy ¢ gia tri pH 9,5 hiéu qua loai amoni va photpho dat gia tri
lan lwot 14 23,9 va 69,4%. Su gia tang pH tir 10 dén 11 khong anh huwdng dang ké dén viéc
loai b6 photpho. Gid tri téi wu héa dwge xdc dinh la: Thoi gian phan g 60 phat, pH 9,5
va ti 16 mol ciia Mg®™: PO, NH,* 1a 1,3: 1: 1 thi hiéu quda loai amoni, photpho dat lan
lwot la 81,7 va 97%; khéi luong két tia struvit thu dwoc la 4,2 kg/m3 nuwde thdi.

Tir khoa: Struvit; Thu hdi amoni; Photpho; Xir Iy nuéc thai ché bién mi cao su.
1. PAT VAN PE

Nito va photpho 1a mét trong nhimg nguyén té co ban ciia su séng va lién quan dén phan 16n
hoat dong san xuat va sinh hoat ctia con ngudi. Nude thai ¢6 chira amoni va photpho néu xu 1y
chua dat tiéu chuan, lugng nito, photpho du thira nay s& xam nhép vao ngudn nudce ty nhién, tir
d6 gay ra hién tuong phu dudng. C6 nhidu phuong phap dé xtr Iy amoni, photphat trong nudc
thai nhu: Véat ly, hdéa hoc, va sinh hoc da dugc nghién ctru, phat trién va da dat duoc hiéu qua
nhat dinh. Tuy nhién, d6i véi loai hinh nudc thai ¢ ndng d6 amoni qué cao, s& gy trc ché hoat
dong cta vi sinh vat, lam giam hiéu suit [1]. Nghién ctru gin day cho thdy qué trinh oxy hoa
amoni ky khi (Ana mmox) rat thanh cong trong xir Iy nudc thai 6 nhiém cao nhu: nudc ri rac,
nude thai nganh chan nudi gia sic,... nhung rat kho khin trong viéc van hanh hé théng xir 1y va
kiém soat qua trinh. Giai phap thu hdi chat dinh dudng c6 trong nudc thai bang cong nghé két
tha struvit, vira dap ung duoc muc tiéu bao vé nguén nudc, tiét kiém nang lugng, hoa chét, vira
thu hoi dugc cac hop chat dinh dudng lam phéan bon va giam khai thac nguon tai nguyén tu nhién
va thic dy su phat trién cia cac cong nghé bén virng [2]. Nhiéu nghién ctru di chi ra ring hon
90% luwong nito va photpho hoa tan c6 thé dugc thu hoi dudi dang két tua struvit [3]. Pham
Huong Quynh di xac dinh diéu kién t6i wu dé thu hoi amoni, photpho ¢ trong nudc ri réc 1a: pH
9,0; ty 16 Mg®": NH,": PO,> 1a 1: 1,9: 1, hiéu qua loai amoni~ 51-52%; khoi lugng struvit thu
duoc 12 1,43-2,34 g/lit nudc ri rac [4]. Két qua nghién ciru caa bai béo, ¢6 thé gilp xay dung qui
trinh t6i wu nham thu hdi va xir 1y amoni, photpho c6 trong nuéc thai ché bién mu cao su bang
cong nghé két tua struvite.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru
- Nude thai sau cong doan xur 1y ky khi cia HTXLNT Nha may ché bién mu cao su 74. Thanh
phan va dac tinh nudc thai nhu bang 1.

Bing 1. Ddc tinh nuée thdi ciia Nha mdy ché bién mii cao su 74
(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
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4 | PO mg/L | 134+3
5 | Mg* mg/L 48
6 |Ca* mg/L 15

2.2. M6 hinh thi nghiém

M6 hinh nghién ctru la m6 hinh phan tmg c6 khudy lién tyc (Continuous flow Stirred Tank
Reactor - CSTR) lam bang thuy tinh, C6 duong kinh 110 mm, chiéu cao 160 mm (hinh 1). Mo
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 toi uu ctia thi€t bi phan Gng.

F,Cao

e

Hinh 1. Mé hinh nghién ciru CSTR.

2.3. Phuong phap nghién ctru thue nghiém

- Tién hanh céc thi nghiém dénh gia anh huong cta timg yéu dén hiéu qua thu hoi amoni va
photpho ¢6 trong nudge thai. Cac thi nghiém dugc tién hanh v6i mé hinh phan tng CSTR, Toc d6
khuay tron la: 50 vong/phft.

+ Anh huéng cua pH;

+ Anh hudngcua ti 16 mol Mg®": NH,": PO,*;

+ Anh hudng cua thoi gian phan tng.

- pH duogc diéu chinh bang NaOH 30% dén gié tri cAn nghién ctru.

- Sir dung cac loai hoa chat tinh khiét nhu: NH,Cl, KH,PO,, MgCl,.6H,0 dé thay ddi ti 18
mol gitia cac chat phan ing can nghién ctru xem xét qua trinh két tia struvite.
2.4. Phwong phap phéan tich

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

- Chi tiéu Amoni, x4c dinh bang phuong phap so mau véi thudc thir Nessler (US EPA
Method 350.2).

- Chi tiéu PO,*, x4c dinh ham lwong photphat bang phuwong phap so mau vdi axit ascorbic va
dung dich (NH4)sM0,04 (TCVN 6202:2008).

- Chi tiéu COD duogc phan tich bang phuong phéap bicromat (SMEWW 5220C:2012).

- Chi tiéu pH do bang may do pH cam tay Hach pH1+.

- Miu ket tha struvite dugc dé kho theo nhiét do phong, khoang thoi gian la 18-20 gio trong
binh hat 4m, sau d6 dem cén dé xac dinh trong lugng, phan két tua tiép tuc dugc dem di chup
hinh kinh hién vi dién tir quét SEM dé xé4c dinh céu truc tinh thé.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia pH

Nudrc thai sir dung nghién ciru 1 nude thai sau cong doan ky khi ctia hé thong xir Iy nudc thai
Nha may ché bién mu cao su 74 (bang 1) ¢ c6 ndong d6 Mg”"; PO,>; NH,"; 1an luot 13: 48 mg/L;
134 mg/L; 224 mg/L (twong tng ti 18 mol ciia Mg?": PO,>: NH," 14 1,3: 1: 8,6). C6 thé thy ring,
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ban chat nude thai sau cong doan xtr 1y ky khi ciia Nha may ché bién mu cao su c6 chira ca 3 loai
ion 1a NH,", PO,* va Mg®*. Do @6, chi cin chinh pH thi phan tmg tao két tia struvit s& xay ra.
Thoi gian thyc nghiém cho moi gia tri pH nghién ctru 1a 60 phat.
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Hinh 2. Anh huong ciia pH dén hiéu qua loai COD, Photphat va Amoni
doi voi nuGe thdi ciia Nha mdy ché bién mii cao su.

C6 thé thiy ring, hiéu suét xir Iy photphat, amoni va COD dat lan luot 12 15,6; 5,4 va 3% &
gia tri pH 7,5 va tang dan khi ting gia tri pH, ¢ pH 9,5 hiéu suét loai photphat, amoni, COD dat
lan luot 1a 69; 23,9 va 19%, hiéu suét loai photphat cao nhat & pH 9,5. Khi pH dat 10 - 11 thi
hiéu qua xur 1y ciia ca COD, photphat thay d6i khong dang ké so véi gia tri pH 9,5, tuy nhién,
hiéu qua loai amoni tang 31-34% (xem hinh 2). Diéu nay chimg t6 mot phan amoni chuyén hoa
thanh khi amoniac khi pH tang. Diédu ndy c6 nghia 1a gia tri pH dé toi uu dé loai bo va thu hoi
amoni va photphat & dang két tiia struvite d6i v6i nudc thai ché bién mu cao su 1 trong khoang
9,0-9,5.

3.2. Anh huwéng ciia thoi gian phan vng

Thi nghiém duoc tién hanh vei ti 1¢ mol cua Mg”": PO,%: NH," 1a 1,3: 1: 8,6; pH duoc diéu
chinh ¢ mirc 9,5. Thoi gian tién hanh thi nghiém 1a 210 phut clr sau 15, 30, va 60 phat phan ang
thi tién hanh lay miu va phén tich cac chi s6 NH4 , PO,*, COD va danh gia hiéu qua xu ly. Két
qua nghién ctru cho thiy rang phan tmg tao két tua struvite tai thoi gian phan ung 60 pht hiéu
qua loai COD, amoni, photphat dat cao nhat 19%; 30%; va 69%. Tur phtit 90 dén 210, hiéu qua
loai COD, photphat va amoni thay d6i khéng dang ké (hinh 3).
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Hinh 3. Anh huéng ciia thoi gian phan vmg dén hiéu qud loai COD, Photphat
va Amoni doi voi nudc thai cua Nha may ché bién mu cao su.

176 Ngé Vian Thanh Huy, “Téi wu héa qud trinh két tiia struvit ... nwéc thai ché bién mii cao su.”



Nghién ciru khoa hoc cong nghé

Thong thudng, thoi gian phan tng tao két tia struvite xdy ra nhanh trong khoang 10 - 30 phat
dau. Tuy nhién tuy thudc vao thanh phan, tinh chat nude thai ma thoi gian phan Gng tao két tua
struvit c6 thé khac nhau [5]. Do6i v6i nude thai nha may ché bién mu cao su thi thoi gian toi uu
dé tao két tua struvit 1a 60 phut.

3.3. Anh huwéng ciia ti mol Mg®*: PO,>: NH,"

Thi nghiém dugc tién hanh véi mé hinh phan tmg CSTR, dac tinh nudc thai duoc mo ta &
bang 2.1. Toc do khuay 1a 50 vong/phut. Ti 1€ mol gitra cac ion Mg®: PO>: NH," s& duoc bd
sung Mg, PO,> dé dat ti 18 can nghién ciru.

Véi thanh phan va dic trung ctia nudc thai sau cong doan xur Iy ky khi tr HTXLNT cua Nha
mdy ché bién mu cao su, ham luong amoni cao hon nhiéu so voi thanh phén khac. Nhu vay, dé
tang hiéu suat loai bg”) amoni, p}lotphat va thu hoi két tua struvite, can thiét bo sung thém nguon
magie va photphat dé dat ti I¢ toi uu.
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Hinh 4. Anh huéng ciia ti 16 mol Mg®": PO, NH," dén hiéu sudt thu hoi amoni, photphat
6 trong nuede thai ciia nha mdy ché bién mii cao su.

Két qua nghién ciru cho thiy: Hiéu suét loai COD ting khong dang ké tir 25% 1én 33% khi ti
1é Mg”™": PO,> tir 1: 1 1én 2: 1. Hiéu suét loai bo photphat ting nhanh tir 88,6% dén 94,3% khi
tang ty 1& mol Mg®*: PO,*: NH," tir 1: 1: 1 &én 1,3: 1: 1, sau d6 6n dinh trong khoang 95% —
97% khi tiép tuc ting lugng magie bd sung. Hiu qua loai bé amoni ciing ting tir 58% dén 81,7%
khi ting ty 1¢ mol Mg”": PO,>: NH," tir 1: 1: 1 1én 1,3: 1: 1, dat 83% khi ti 16 mol Mg®*: PO,*:
NH," 1a 1,5: 1: 1, sau d6 c6 xu hudng giam con 80% khi ty 16 mol Mg®*: PO,*: NH," 14 2: 1: 1.
Khéi lugng két tia struvit thu duoc ting tir 3,9 gam dén 4,25 gam khi ti 16 mol Mg*": PO, tur 1:
11én 1,3: 1, sau d6 giam xudng con 4,04 gam khi ti 1& Mg*": PO,> 1a 2: 1, diéu nay duoc 1y giai
1a khi thém Mg?* thi sy khir PO, c6 thé xay ra, do d6 hidu qua loai photpho tang, khéi lugng két
tha struvite giam mot phan do ti 16 mol ciia Mg?': PO,>: NH," bi thay ddi (xem hinh 4). Didu nay
da dugc nhiéu cong trinh nghién ctru cong bd, véi myc dich thu hdi amoni va photphat, thi ty 18
mol Mg*": PO,> phai 16n hon 1: 1 nhung khoéng vugt qua 1,6: 1 [6, 7]. Két qua nghién ctru nay
cho thay ti 16 mol ciia Mg?": PO,®: NH,"1a 1,3: 1: 1, thi hiéu qua thu hdi amoni, photpho c6
trong nudc thai ché bién mu cao su 1a t6i wu nhét.

3.4. Panh gia san phim struvit thu dwgc tir viée thu hdi amoni va photphat c6 trong nuéc
thai ché bién mii cao su

Tét ca cac mau két tua struvit thu duoc tai diéu kién thi nghiém (pH = 9,5; toc d6 khudy 50
vong/phut, thoi gian phan tng 1a 60 phit) va ¢ ty 1¢ mol Mg**: PO4 " NH, 12 1,3: 1,0: 8,6 duoc
dem di chup SEM dé danh gia thanh phan chat luo*ng cla san pham thu duge. Két qua cho thay,
két tha ¢ dang tinh thé rd rang, c6 mau trang xen 1dn nau sim (hinh 5), day c6 thé do cac thanh
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phan hitu co ¢6 trong nude thai hodc cac két tiia khac duoc hinh thanh tir qua trinh thu hdi amoni
va photphat trong nudc thai bang cong ngh¢ két tia struvit.
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Hinh 5. Chup SEM mau két tia struvit tai pH 9,5; toc d¢ khudy 50 vong/phiit, thoi gian phan
ing la 60 phiit. (ty 1é mol Mg®": PO, NH," 12 1,3: 1,0: 8,6).

4. KET LUAN

Ung dung cong nghé két tia struvit nhdam muc dich thu hdi amoni va photpho cé trong nudc
thai ctia nha may ché bién mu cao su 1a rat kha thi. Vi dic tinh ciia nudc thai ciia nha may ché
bién mu cao su, ndng d6 amoni cao hon rat nhidu so vi Mg?* va PO,> cho nén dé tbi wu hoa qua
trinh két tia struvite nham thu hoi hiéu qua amoni, photphat can bd sung magie va qua trinh nay
cha yéu phu thudc vao ty 18 mol Mg**: PO,>.

Két qua nghién ctru cho thiy rang: Gia tri pH 1a khoang 9,5; thoi gian phan @ng 14 60 phut
va ti 18 mol cua Mg®": PO,>: NH," 12 1,3: 1: 1 1a t8i uu cho viéc thu hdi amoni, photpho c6
trong nudc thai ché bién mu cao su va khdi luong két tia struvit thu dwoc tuong tng 1a 4,2
kg/m® nudc thai.

_ Loi cim on: TAac gic cam on sw tai tro vé kinh phi ciia Vién Khoa hoc & Céng nghé quan su, giiip dé
vé y tuéng khoa hoc ciia PGS. TS L& Anh Kién.
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ABSTRACT

OPTIMIZATION OF STRUVITE PRECIPITATION PROCESS ON A MMONIUM
AND PHOSPHORUS RECOVERY FROM RUBBER WASTEWATER

A mmonium and phosphorus are abundant in rubber wastewater, affecting the
treatment of the wastewater treatment system. This study will conduct experiments to test
the influence of various process parameters on A mmonium and phosphorus recovery by
struvite formation from rubber wastewater. The results showed that at the pH value of 9.5,
the efficiency of a mmonium and phosphorus removal is and 69.4%, respectively. An
increase in pH from 10 to 11 did not significantly affect phosphorus removal. The optimal
value were determined as: reaction time is 60 minutes, pH is 9,5, mole ratio Mgz": P-
PO,>: N-NH, is 1.3: 1: 1, the efficiency of a mmonium and phosphorus removal is 81,7%

and 97%, respectively; The volume of struvite precipitate obtained is 4,2 kg/cubic meter of
rubber wastewater.

Keywords: A mmonium recovery; Struvite precipitation; Rubber wastewater.
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