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Tom tat:

Dé tai nay nghién ciiu cdc yéu t6 dnh hudng dén qud trinh tao két tia struvite dé thu hoi amoni,
phosphat tii nudc thdi ché bién mii cao su latex nhu do pH, ty 1é Mg**:NH *:PO *, thoi gian phdn iing,
toc do khudy. Két quad cho thdy, hiéu sudt thu hoi dong thoi amoni dat 68,2% va phosphat dat 76,9% &
diéu kién pH 9,1, ty 1¢ mol Mg**:NH *:PO } la 1,4:1:1, thdi gian phdn iing 100 phiit v6i toc do khudy 50
vong/phut. Cdu triic struvite hinh thanh dugc xdc nhdn bang phd XRD. Qua dé6, dé tai dé xudt mé hinh
kinh té tudn hoan (KTTH) cho hé théng xii ly nuiéc thdi ché bién mu cao su latex, véi sdn phdm struvite
sti dung lam phan bén chdm tan; tdn dung khi sinh hoc, biin thdi... cho san xudt, gidm céng doan xii ly
N, dan dén tiét kiém chi phi vdan hanh.
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Recovering ammonia, phosphat from latex rubber processing
wastewater by struvite precipitation method
Abstract:

On the basis of research on factors affecting ammonium and phosphat recovery process from latex
processing wastewater such as pH, ratio Mg**:NH ":PO *, reaction time, stirring speed, to provide an
efficient struvite precipitation process. The results showed that the yield of ammonium was 68.2% and
phosphat was 76.9% at pH 9.1, the ratio of Mg**:NH *:PO > was 1.4:1:1, reaction time was 100 min at
a stirring speed of 50 rpm. The struvite structure formed was confirmed by XRD spectroscopy. Thereby,
the topic has proposed a circular economy model for the wastewater treatment system of latex rubber,
with struvite products used as a slow-dissolving fertilizer for many crops in agriculture; recover biogas,

sludge... for production, reduce Nitrogen treatment stages, leading to saving in operating costs.

Keywords: Struvite, latex, circular economy.
JEL Classifications: Q51,Q52, Q53, Q55.

1. DPAT VAN BE

Trong nhiing nim gin day, KITH da trd thanh xu
hudng tat yéu ctia nhiéu quéc gia. Ding trudc cac nguy
co thiéu hut ngudn tai nguyén thién nhién va 6 nhiém
moi trudng thi Viét Nam cling khong thé nam ngoai xu
huéng do.

Nudc thai ché bién mu cao su phat sinh cht yéu tii cac
cong doan khudy trdn, lam dong (tich mu), gia cdng co
hoc va rtia may moc, bon chia... chtia ham lugng cao cac
httu co (BOD, COD), chat dinh dudng (N, P)...[1], néu
xa ra moi trudng sé 1a tac nhan gay hai doi véi hé sinh thai
thay sinh, gay phd dudng hoa, 6 nhiém ngudn nudc, pha
vG chudi thiic an va tiéu diét cac loai sinh vét c6 ich trong
nudc. Tuy nhién, néu dugc thu héi, chiing sé tré thanh
ngudn tai nguyén cé ich dung d€ san xuit phan boén [2]. Vi
vay, thu hoi amoni, phosphat trong nudc thai ché bién mu
cao su latex bang phuong phap két tha struvite sé mang lai

lgi ich ca vé kinh t€ va moi trudng, phu hop tiéu chi giam
thiéu khai théc tai nguyén thién nhién, han ché chit thai
phat sinh va giam thiéu tac dong x4u dén moi trudng [3].
Struvite (NH,MgPO,.6H,0) dugc biét dén la mot dang
phén bon chim tan cung cip dong thoi nguyén t6 da lugng
(N, P) va nguyén t6 trung lugng (Mg) phu hgp cho nhiéu
loai ciy tréng nén struvite dugc stt dung lam nguyén liéu
dé€ sén xudt cac loai phan bon hon hgp hodc phiic hgp khac
[2]. Céc cong trinh nghién ciu da cong bo cho théy, struvite
6 thé thu hoi ti cac nguén nude thai cong nghiép, nong
nghiép c6 tai trong cao va struvite sau khi thu héi c6 thé st
dung trong néng nghiép; Darwish va cdng su (2016) da chi
rarang, 95% amoni c6 thé thu hoi dudi dang struvite tit nudc
thai; qua trinh nay con lam gidm déng ké cac chét 6 nhiém
nhu: téng lugng cacbon hitu ¢, mau sic, d duc [4]; Taddeo
va cOng su (2018) da thuc hién nghién ctiu trén 4 loai nuéc
thai 6 tai trong cao gom 2 loai nudc thai tii bé biogas, nudc
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ri rac, nude phan huy ttt bun chin nuéi lgn véi hiéu qua thu
héi nito va photpho tuong ting 1an lugt 1a: 42% va 43%; 79%
va 76%; 77% va 72%, 65% [5]; Nghién ctiu ciia Pham Huong
Quynh (2016) vé ting dung phuong phap két tha struvite dé
xt ly nudc ri rac theo hudng thu hdi nito va tiét kiém nang
lugng, két qua cho théy, kha ning loai bé Mg* va PO, tu
95,11% - 98,54%; ham lugng NH,* dugc loai & pH t6i uu la
9,03, ty le Mg*: NH,*: PO,* 1a 1:1,9:1 v6i thoi gian phan ting
14 60 phut va khong c6 su khac biét I6n & van toc khudy tu
50 - 100 vong/phut [6]; Nguyén Quang Long va cac cong su
thuc hién nghién ctiu thu héi N va P tlii nguon nudc thai ctia
hé thong xti ly khi thai tai nha mdy phan bon NPK, két qua
thu hoi struvite dat 95,2 + 3,1 % & pH 8,3, ty 1é¢ mol Mg/P la
1:1, & 30°C va thoi gian phan ting 1a 90 phut, thoi gian lam gia
14 60 phut. Nhu véy, viéc két tha struvite ti nudc thai cé chita
amoni, phosphat dugc xem la phuong phép xti ly than thién
v6i mai trudng, loai bd dong thai ca N va P tii nudc thai va
thu dugc sdn phim c6 gid tri phuc vu nganh néng nghiép.
Do d6, nghién ctiu nay thuc hién khéo sat anh hudng cta
céc thong s6 pH, ty 1¢ Mg*:NH,*:PO,*, thoi gian phan ting,
toc do khudy dén hiéu suét thu hoi amoni, phosphat tit nuée
thai quy trinh ché bién mu cao su latex. Qua d6, dé xudt mo
hinh kinh t€ tudn hoan cho quy trinh xt ly nuéc thai ché
bién mu cao su latex.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

Déi tugng nghién ciiu: Nudce thai tii quy trinh ché bién
mu cao su latex tai Nha mdy ché bién mu cao su Xuan Lap
(Dong Na; héa chat su dung gom MgCl,.6H,0, NaOH
10%, KH,PO,.

Phuong phdp phdan tich mau: TCVN 6492:2011,
SMEWW 5220B:2017, SMEWW 4500-NH3.B&F:2017,
SMEWW 4500-P.D:2017, SMEWW 3111B:2017; phuong
phép chup SEM va phé XRD.

Phuiong phdp nghién ciiu thuc nghiém

Trong nghién ctiu, cac thong s6 pH (A), ti 1é mol Mg**:
NH,"PO,” (B), thai gian phan ting (C), téc d6 khudy (D)
1a cdc bién doc lap; stt dung phan mém Design Expert 12 dé
thiét ké s6 lugng thi nghiém t6i uu; khao sat bon bién doc
l4p va hai ham muc tiéu la hiéu suét thu héi amoni (Y1) va
phosphat (Y2).

Gia tri cac thong s6 dugc khao sat gom pH (A) tu
7-10,5; ti 1¢ mol Mg*: NH,": PO (B) tu (1:1:1) dén
(1,6:1:1), thoi gian phan ting (C) ti 5-180 phut & t6c do
khudy (D) gom 25, 50, 75, 100 vong/phuit.

Mo ta thi nghiém

Cac thi nghiém dugc thuc hién trén mo hinh Jartest véi
c6c thiry tinh 500ml, c6 chiia san 250ml nudc thai, KH,PO,
dugc thém vao coc d€ dam béo ty 1é mol gitta NH,*: PO > 1a
1:1 [7,8]. Tiép theo, thém MgCl,.6H O vao céc phan ting
theo cac ti1¢ da thiét ké cho thi nghiém, pH nudc thai dugc
kiém soat bang dung dich NaOH 10%. Sau khi phan ting
két thuc, d€ ling dung dich trong thdi gian 10 phut dé lam
gia tinh thé, r6i thu ldy phan nudc trong d€ phan tich cac

S67/2023

chi tiéu amoni va phosphat. San phim struvite thu dugc sé
chup SEM va phé XRD dé xac dinh c4u truc. Hiéu suit thu
héi amoni va phosphat tinh toan theo cong thic sau:
= D2 X100(%) ; Hypy, = 20100 (%)

Photphat v
P

Amoni
Trong do:
H, thosphat la hiéu suat thu h6i amoni, phosphat (%).
CY,, C*, 1a nong d6 Amoni trong nudc thdi trudc va
sau phan ting (mg/L).
CY, C*, 1a néng do Phosphat trong nuidc thai trudc va
sau phan ung (mg/L).

3.KET QUA VA THAO LUAN

3.1 Cdc cdc yéu té anh huéng dén qud trinh hinh
thanh struvite

Két qua khao sat cho thay khi pH dung dich ting ti 7,8
dén 9,6 thi hiéu suét thu hoi amoni tdng tit 51% lén 65% va
phosphat tit 56% 1én 82%. Vi vay, c6 thé thiy rang pH ctia
dung dich la yéu t6 quan trong anh hudng dén hiéu suat
thu héi amoni va phosphat, khi ting pH c6 thé lam tang
do bao hoa dung dich, gbp phan hinh thanh va phat trién
mam tinh thé struvite. Mit khac, 6 méi trudng pH cao sé
han ché dugc sy hoa tan struvite, tii d6 nang cao hiéu qua
két tha, nhung néu cao qua N sé chuyén thanh dang NH,
nén khong két tinh dugc. Nhiéu nghién ctiu cling da chira
rang khoang pH tti 9 - 9,5 la thuén lgi cho qua trinh két tha
struvite va san phdm thu héi c6 d¢ tinh khiét cao [9].

-
g

Hinh 1 Anh hudng ciia pH dén hiéu sudt thu hoi

amoni va phosphat

Két qua khdo sat véi cac ti 1¢ mol Mg*: NH,*: PO*>
(B) thay ddi tit 1,15 -1,6 cho thdy, ti 1&¢ mol chi anh hudng
dén hiéu sudt thu héi amoni, khong anh hudng dén hiéu
suat thu hoi phosphat. Khi ti 1¢ Mg*: NH,*: PO’ ting tl
1,15-1,45 thi hiéu suét thu hoi amoni ting tii 61% dén 69%
va d6 chum thi nghiém cao. Péng thdi, két qua ciing cho
théy viéc taing nong do6 Mg?* lam gia tang hiéu suét thu hoi
amoni trong nudc thai.
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Hinh 2 Anh hudng ciia ti I¢ Mg>*: NH,": PO >
dén hiéu sudt thu hoi amoni, phosphat



Thuc hién khao sat sy hinh thanh két tia struvite theo
thoi gian cho théy, hiéu suét thu héi amoni va phosphat
tang trong khoang thoi gian tit 45 phat dén 90 phut véi
hiéu sudt thu hoi amoni tit 53% 1én 64% va phosphat tu
63% lén 72%. Khi thoi gian phan ting trén 90 phut thi hiéu
sudt thu hdi amoni va phosphat ting khong dang ké va cé
xu huéng gidm khi thoi gian phan ting trén 110 phut. Do
vay, diéu kién t6i vu ctia phan ting tti 90 - 110 phut.
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A Hinh 3. Anh hudng ctia thoi gian phdn ting
dén hiéu sudt thu hoi amoni va phosphat

Thuc hién khao sat phan ting & t6c d¢ khudy 25, 50,75,
100 vong/phut (rpm). Két qua cho thdy, phan tng t6i uu
& toc do khudy tu 50 rpm - 55 rpm, v6i hiéu sudt thu hoi
amomni dat 63% va phosphat 71%; t6c d khudy anh
hudéng dén hi¢u sudt cia qua trinh phan ting, song khong
dang ké. Két qué con cho thdy, khi téc d6 khudy 16n hon 55
rpm thi hiéu suit phan ting gidm 14 do qua trinh khufy tron
nhanh lam dit gay cdc tinh thé struvite va anh huéng dén
tinh 6n dinh ctia dung dich. Cac nghién ctiu khéc ciing da
chi ra téc d6 khudy gay anh hudng dén kich thudc cua tinh
thé struvite [6].
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A Hinh 4. Anh hudng ciia téc do khudy dén hiéu sudt
thu hoi amoni va phosphat

Su phis hop ciia mé hinh thuc nghiém

T céc khao sit bén trén, hiéu suit thu h6i Amoni cao
nhit dat 73,3% tai pH = 9,08; ti ¢ Mg*: NH, *:PO *=1,44:1:1,
thai gian phan ting 106,7 phut véi téc d6 khudy 53,73 rpm;
Hiéu sudt thu hoi phosphat cao nhat dat 83,2% tai pH =
9,49; ti 1é Mg**: NH ":PO,>= 1,41:1:1, thoi gian phdn tng
98,29 phut véi t6c do khudy 50,52 rpm;

Su phut hgp va c6 y nghia ctia mé hinh thyc nghiém
dugc danh gia qua phén tich ANOVA va cac chi s6 tuong
quan R2 cta phuong trinh hoi quy tuyén tinh. Két qua
phan tich su phtt hgp va c6 y nghia ctia m6 hinh trong thi
nghiém thu h6i Amoni t6i uu tai Bang 1 cho théy, su tuong
thich ctia m6 hinh véi thuc nghiém qua gia tri F (F-value)
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dat 46,85 va m6 hinh hoan toan c6 y nghia théng ké véi
do tin cay trén 99% (p < 0,0001). Thém vao d6 su khong
tuong thich dugc thé hién qua gid tri F=4,37 vagid trip =
0,0553 (p > 0,05). bong thoi, su phi hgp ctia mo hinh véi
thuc nghiém con thé hién qua hé s6 tuong quan R2 trong
phuong trinh hoi quy tuyén tinh d6i véi ham muc tiéu thu
hoéi amoni (Y1).

Y1 = -722,08452 + 142,00980A + 35,95B + 0,82722C
+ 1,28626D -7,55615A2 - 0,004056C2 - 0,011430D2; R2 =
0,9371

Bang 1. Két qua phan tich ANOVA vé phan ting
thu hdi amoni t6i uu

Ting bink Bic | Trumgbisk | -
Viu 1d (Facior)y :‘::':';_ T::“: hinh phwong ﬁ_::;:-: :i:‘:::;
Squaresl {Mram Squaref
Al himb (Wadely S652.93 7 PE0,42 44 85 = 0D T ciiy
A-phl 1754.51 1 175451 e 58 = 0
B-Ty 14 Mg NP G970 1 0T 0 3440 < D00
C-Then guam phan dmg 458,15 1 458,15 22,58 < 0,000
D-Téo 3 kiudy BOT. T4 1 BT, T4 1517 00008
AT #3711 1 FITAL 45, 1% < D00
cr 155912 1 185912 93,12 = (L CHHy
[*3 14.39,00 1 1428,00 70,44 | = 00001
Phis dur (Rasiasall A48 33 X2 20,25
:}:‘?_’:‘HI'"'"}' asar | 17 24,50 337 | oapssy | hvies

Két qua phén tich su phu hgp va cé y nghia ciia mo
hinh trong thi nghiém thu hoi phosphat t6i uu tai Bang 2
cho thdy, su tuong thich ctia m6 hinh véi thuc nghiém qua
gia tri F dat 64,77 va mo hinh hoan toan c6 y nghia thong
ké v&i do tin cay trén 99% (p < 0,0001). Thém vao do, sy
khong tuong thich dugc thé hién qua gid tri F = 3,74 va p
=0,0751 p > 0,05). Bong thai, sy phtt hgp ctia mé hinh véi
thuc nghiém con dugc thé hién qua hé s6 tuong quan R2
trong phuong trinh hoi quy tuyén tinh d6i véi ham muc
tiéu thu héi phosphat (Y2).

Y2 = - 482,36347 + 95,52826A +0,8113C + 1,2189D -
4,57546A2 - 0,004244C2 - 0,01145D2 ; R2 = 0,9441.

Bang 2. Két qua phan tich ANOVA vé phan ting
thu héi phosphat t6i vu

Témg bink | L Trusg bink Goild ®
Viuth (Factor) | o vy e | ik phuomg | F(F i

Sgmares (Al | (Mews Sgwarch | value)

Ald himh (Madel) | 779028 | & 129638 6477 | 00001 | Tincdy

A-gH 439054 | 1 390,54 219,01 | =0.0001

©-Thin gian phan img 102,37 1 109,37 a6 | o.288

D-Tée 88 khisky B2,04 1 82,04 409 | o05a9

A 343.61 1 343.61 17.14_| 0.0004

el 067,73 1 047,73 103,14 | = 00001

o 14381 | 1 1433.81 7142 | =0.0001

Phin dir Residualy | 46108 | 23 20,03

proroieredsslll I U T 2384 374 | oens | R

Ngoai ra, méi tuong quan gitia hiéu sudt thu h6i amoni,
phosphat véi cc yéu t6 pH, ty l¢ Mg*:NH,":PO,*> dugc
minh hoa béng cac d6 thi bé mét dap ung tai Hinh 5.
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A Hinh 5. Bé mat dap ving ciia mo hinh vé hiéu qud
thu hoi amoni va phosphat
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3.2. Ddnh gid hiéu sudt thu héi struvite tif két qud toi
uu hoa thuc nghiém

Theokét qua tinh toan téi uuhoa, tién hanh thucnghiém
kiém chiing v6i pH= 9,1; ti 1¢ Mg*:NH, PO >=1,41:1,
thoi gian phan ting 100 phut, t6c do khudy 50 rpm.

Két qua cho théy hiéu suét thu hoi amoni dat 68,2% va
phosphat dat 76,9%. San phdm struvite thu dugc dang tinh
thé, mau xdm nhat c6 chiéu dai tit 50 - 100 um. C4u tric
ctia san pham dugc quan sét va xac dinh qua kinh hién vi
dién tit (SEM) va phép nhiéu xa tia X (XRD) véi céc pick
ddc trung ctia mau chuén struvite.

A Hinh 7. Anh chup SEM
cua sén phdm

A Hinh 6. Sdn phdm
struvite t nudc thdi

) s e m—
PO RS U P O o s,

| || | 'L
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A Hinh 8. Gidn dé nhiéu xa tia X ciia struvite
thu dvoc 6 diéu kién t6i uu

3.3. DBé xudt mé hinh KTTH déi vdi hé thong xi ly
nudc thdi cao su

V6i cong nghé xti Iy nudce thai hién hitu tai Nha may
ché bién mu cao su Xuan Lip tai Hinh 9, do ham lugng
nito, photpho trong nudc thai cao, nén phai qua xti ly nhiéu
bac dé dap ting tiéu chudn xa thai, cu thé, nudc thai phai
trai qua 2 béc xt Iy thiéu khi, 3 bic xt ly hiéu khi va 3 lan
xu ly héaly.

Duia vao két qua phén tich nudc thai sau két ta struvite
tai Bang 3, quy trinh cong nghé xt Iy nudc thai ché bién ma
cao su dugc dé xuat tai Hinh 10.

Bang 3. Thanh phan cac chit 6 nhiém trong nudc
thai trudc va sau két taa struvite

Z\'Eﬁg d6 mwdre thii
STT Tl&lp& Domvi | Traede khi kit via | Saw kbi ket via
struvite struvite
1 |pH - 1,05 91
1 |BOD: mgL 2093 1571
3 [ COD mg/L 3604 pl|
4 [TSS mgL 13 10
3 | Amoni (NHsY) mgL 616 195
6 | Photphat (PO.*) mgL 146 34
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A Hinh 10. Quy trinh x1i ly nuéc thdi dé xudt
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A Ho thu gom nudc thdi tii Nha mdy ché bién cao su

Hiéu qua ctia quy trinh xt Iy nudc thai ché bién ma cao
su dé xudt dugc so sanh, danh gia tai Bang 4.

Bang 4 Hiéu qua quy trinh xu ly nudc thai ché bién
mu cao su dé xudt

n6i DAF

San phim-> phén bon->
cdy cao su

N Quy trinh xit ly nudc Quy ,t rmAh xt’((ly nude % 2
Cong doan thai hién hiiu thai dé xudt (tao Hiéu qua
struvite)
Két tha struvite; khit
Cong doan sau tuyén N, P Tao san phdm phan bén

phuc vu cy tréng

Cong doan xi Iy ky khi
tai bé UASB

Khi sinh hoc CH4 >
thai bo

Khi sinh hoc CH, >
san xudt (d6t 1o sdy)/
ndu dn

Tan dung khi CH,

Cum bé Anoxic +
Aerotank

2 cong doan xt Iy thiéu
khi (2 bé Anoxic; 1 bé
Aerotank)

1 cong doan xit Iy
thiéu khi

(1 bé Anoxic, 1 bé
Aerotank)

Gidm 1 cong doan xti Iy
thiéu khi

Bun sinh hoc, bun héa

Bun sinh hoc, bun héa

Xuat 44%;
Xa thai 56%)

xudt, riia loc,
tudi ciy cao su)

Be Léx}g sin]} h?c ly > thu gom va chuyén | Iy 4 hiéu khi > dat Tan dung lzun cho cay
Béling hoa ly 5 . N tréng
giao xt ly sach - trong cao su
N 1 s 1 cong doan
Bé phan ting + bé lang 2 c'ong dﬂqan}\iyly héa xti Iy héa ly Giam 1 cong doan
Lo, ly (2 bé phan ting + PR RS
hoéaly 2bélang héa I§) (1 bé phan ting + xti Iy héa ly
¢lang hoaly 1 b€ ling héa ly)
Nudc thai sau xi ly Nudc thai sau xii ly
Saubé kht triing (Téi stt dung cho san (Téi stt dung cho san | Khong xa nudc thai ra

song Buong

Trong quy trinh xt ly nudc thai ché bién mu cao su dé
xudt, viéc thu hoi amoni, phosphat trong nudc thai dudi
dang két tha struvite sé gitip gidm thip dang ké ham lugng
amoni, phosphat trong nudc thai truéc khi vao cong doan
xu ly sinh hoc; qua dd, giam b6t cac cong doan xti ly vé sau
dan dén giam chi phi vin hanh, dién néng tiéu thy, lugng
nudc bd sung cho san xudt, gop phén tiét kiém tai nguyén
thién nhién.

4. KET LUAN

Quy trinh t6i uu d€ thu ho6i dong thoi amoni, phosphat
ti qua trinh két tua struvite trong nudc thai ché bién mu
cao su latex dugc thuc hién trong diéu kién pH = 9,1; ty 1é
Mg*: NH,*: PO, =1,4:1:1; thoi gian phan tung 100 phut
véi toc do khudy 50 vong/phut; hiéu qua thu hoi dong thoi
amoni dat 68,2% va phosphat dat 76,9%.

NGHIEN CUU ‘

Qua do, d€ xudt quy trinh xt Iy nudc thai ché bién mt
cao su voi s6 cong doan xti Iy N gidm, dan dén chi phi van
hanh va xu ly gidm (vé€ nang lugng, hoa chéit...), tin dung
nud6c thai phuc vu san xudt, thu dugc san phdm hiiu ich
phuc vu cho nong nghiép (ph4n bén) dap ting xu hudng
phét trién san xuét theo mo hinh KTTHm
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