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Abstract: The study determined flocculation activity of mucilage extracted from dragon fruit peel
(Hylocereus undatus) and its ability in reducing synthetic coagulant polyaluminium chloride (PAC)
used in coagulation — flocculation process to remove turbidity of different types of water.
Investigated waters were turbid waters made from kaolin suspension (KS), suspension of river water
with hill soil (FW), and To Lich river water (TL). Turbidity removal was assessed in a sequent
coagulation and flocculation model using PAC and mucilage extracted from dragon fruit peel in
Jar-tests. Optimal coagulation conditions of PAC with PAC dosage of 20-50 mg/L and pH range of
6-8 regardless of water types and resulted in maximum turbidity removal of about 98%. In order to
obtain a comparable turbidity removal, 50%-68% of the required PAC was reduced if mucilage was
used. The presence of mucilage enhanced turbidity removal of PAC by 13-22% total efficiency.
Mucilage extracted from dragon fruit peel has shown its flocculation ability and its potential as a
green material in water treatment.
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Budc dau str dung chat nhay tach chiét tir vo qua thanh long

trong qua trinh keo tu - tao bong xtr Iy d6 duc ctia nude

Lé Thi Hoang Oanh”, Pham Vii Hoang, Poan Thi Van, Nguyén Hiru Huén

Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Ha Noi,
334 Nguyén Trai, Thanh Xudn, Ha Ngi, Viét Nam

Nhén ngay 05 thang 8 nam 2020
Chinh stra ngay 22 thang 02 ndm 2021; Chap nhén dang ngay 18 thang 6 nam 2021

Tém tit: Nghién ctru xac dinh hiéu qua tro keo tu cua chit nhdy tach chiét tir vo qua thanh long
(Hylocereus undatus) va kha nang giam luong chit keo tu hda hoc poly aluminum clorua (PAC) st
dung trong qua trinh keo ty tao bong dé xir Iy d6 duc cuia cac loai nude khac nhau. Cac mau nude
nghién ctru gdm nudce duc nhan tao tir huyén phu cao lanh (KS), huyén phu tir nudce song va dat doi
(FW) va nude song To6 Lich (TL). Hiu qua loai bé dd duc dugc nghién ctru trén hé keo tu - tao bong
sir dung PAC va chat nhiy tir vo qua thanh long theo mé hinh Jar-test. Két qua cho thy diéu kién
keo ty toi wu ciia PAC dat dugc ¢ lidu PAC 1 20-50 mg/L va pH trong khoang 6-8 (khong phu thudc
vao loai nudc), véi hidu qua lam giam do duc cao nhat khoang 98% dbi véi cac mau nudce duc. Khi
sir dung chét nhay két hop v6i PAC thi luong PAC sir dung duge giam di 50-68% dé dat dugc ciing
hiéu qua 1am giam do duc so v&i trudng hop chi sir dung riéng PAC. Khi ¢6 mit cua chit nhiy, hiéu
qua lam giam d¢ duc cua PAC duoc ting cuong 13-22%. Chat nhay tach chiét tir vo qua thanh long

da thé hién kha nang tro keo tu va céd tiém nang la mot vat li¢u xanh trong xur ly nudc.

Tir khéa: Chat nhay, vo qua thanh long, xtr 1y nudc, keo ty, tao bong.

1. Mé dau

Keo tu - tao bong la mét bién phap duge st
dung rong rai nhu mot khau xur 1y so cap d6i voi
nudc va nudc thai [1]. Qué trinh nay goém 2 giai
doan khac nhau la: i) Giai doan khqu tron nhanh
chat keo tu vao nudc; va ii) Két tu cac hat nho
thanh bong 16n hon nho hoa tan mot cach nhe
nhang chét trg keo tu vao nude [1, 2].

Chat hoa hoc thong thudng dugc st dung
lam chét keo tu va trg keo tula mubi cua sit va
nhém va cic polymer tong hop nhu poly
aluminum clorua (PAC), polyacrylamide
(PAM), polyacrylic axit (PAA),... Tuy dugc ap
dung phd bién nhung chung c6 rat nhiéu han ché
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nhu chi phi kha cao, gdy tac hai cho strc khoe con
nguoi, tao ra lugng bun 16n va thuong anh hudng
dén pH cua nu6e sauxir 1y [1, 3, 4]. Ton du nhom
trong nudc cap dugc cho 1a gdy bénh Alzheimer
0 nguoi [3]; trong khi ton du cua cac monomer
va dan xuét cta polymer tong hop gay doc than
kinh hogc ung thu [4]. Thém vao do, chi phi nhap
khau céac loai hoa chat nay rat 16n & cac nude
dang phat trién [5]. Vi vdy, can st dung cac chat
keo tu - tao bong than thién véi moi truong dé
thay thé hodc giam bot cac chat hda hoc phd
dung nay.

Chét keo tu - tao bong co6 ngudn gbc sinh
hoc, bao gdm ca chét keo ty - tao béng c6 ngudn
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géc thuc vat, co nhiéu trién vong thay thé hodc
giam bot cac chat hoa hoc ding trong keo tu - tao
bong [1, 2, 5, 6]. Cac chét nay rat d& phan hay,
khong dgc, khong gdy an mon, khong lam thay
doi pH cua nudce dau ra, dé tim kiém tir cac
nguon tai nguyén nong nghiép tai tao va khong
tao ra chat 6 nhidm thu cip [1, 2, 5-7]. Thém vao
d6, lwong bun thai tao ra dé dang bi phan hiy
sinh hoc [1, 5, 7]. St dung chat ché tao tir cac
ngudn nguyén liéu dia phuong ciing s& kinh té
hon so véi phai nhap khau cac h6a chat [8]. Hiéu
qud lam giam d duc cua céc chét keo tu — tao
bong c¢6 ngudn gdc thyc vat nghién ctru dao dong
tir 60% dén 99% trong cac nghién ciru trong va
ngoai nudc [2, 5, 7-11].

Tuy véy, cac nghién ctu tap trung vao san
phém tir cac bd phéan thyc vat co gia tri nhu hat
chum ngdy (Moringa oleifera), hat diu mé
(Jatropha curcas L.) va hat mot sé cdy ho dau
(Phaseolus vulgaris, Glycin max L. Merr.),...
[2, 5, 7-11]. Trén thé gidi, mot sd cong ty san
xudt va thuong mai h6a cc san pham chit keo
tu - tao bong thyc vat nhu: Servyeco (Tay Ba
Nha) véi loai san phdm ECOTAN, va Abachem
Specialty Chemicals Private Limited (An D)
vdi loat san pham Flox®natural. Riéng tai Viét
Nam, cic chat keo tu - tao bong c6 ngudn gbc
sinh hoc no6i chung va tir thyc vat néi riéng chua
dugc quan tAm ciia nhiéu nha khoa hoc, ciing nhu
chua dugc thuong mai héa mot cach phé bién
trén thi truong [9-11].

Cay thanh long 1a loai cay néng nghiép dugc
trong pho bién tai Viét Nam. Vo qua thanh long
1a phan con lai tir tiéu thy twoi hodc ché bién trai
ciy va 1a mot loai chat thai rin nong nghiép. Vo
qua thanh long kha day, chiém khoang 22-30%
khéi lwong qua [12, 13]. N6 chira mot lugng
dang ké chat nhdy cAu tao boi céc
polysaccharide, dac biét 1a pectin [13, 14]. Vo
thanh long c6 ham lugng pectin cao ¢ mic
10,79% — 20,14% [12-16]. Pectin bao gdm chu
yéu hetero-polysaccharide ¢ tinh axit, giau axit
galacturonic (GalA) c6 cau truc nhu mét xuong
song voi 3 loai pectin gdm homogalacturonan
(HG), rhamnogalacturonan-l  (RG-1) va
rhamnogalacturonan-11 (RG-II) [14]. Chat nhay
tor vo qua thanh long c6 hi¢u qué trong xu ly

nude ri rac bang qué trinh keo tu [13] va nudc
thai nhuém [17, 18] nhung chua duogc nghién
ctru ing dung trén cac loai nudc Khac.

Nghién cltu nay c¢6 muc dich danh gia kha
ning lam giam d6 dyc ctia nudc ciia chat nhay
tach chiét tir vo qua thanh long khi két hop véi
PAC trong hé keo tu - tao bong nham huéng t6i
g dung trong xir Iy chat thai ran va xt 1y nudc.

2. Phuong phap nghién ciru

2.1. Phirong phdp tach chiét chat nhdy tir vé qua
thanh long

Chat nhay tir vo thanh long rudt tring
(Hylocerus undatus) duoc tach chiét dwa trén
phuong phap cua Ismail (2018) [13]. V6 thanh
long dugc thu gom, rira sach, r0i cat nho dén kich
¢& 5 mm, dem di sdy khé & nhiét d6 50 °C cho
dén khéi lugng khong d6i. Quy trinh tach chiét
bit diu bang viéc dun cach thay hdn hop vo
thanh long va nudc theo ti 1€ 1:8 (v/m) & nhiét do
60 °C trong vong 1 gid va sau d6 dé ngudi dén
nhiét d6 phong. Hon hop ran 1ong thu duge dem
di loc qua 8 16p vai muslin (¢& 16 0,7 mm) dé thu
dich loc chira chit nhﬁy. Dich nay dugc tron voi
axeton theo ti 18 1:3 dé két tiia chat nhay. Két tia
thu dugc raa 3 1an véi con 96% dé loai bo cac
chét bam dinh trén bé mit cua né va dem sdy &
nhiét d6 40 °C dén khi khdi lwong khong ddi. Sau
khi duoc sdy kho, chat nhdy dugc nghién nho,
cho vao tdi zip dit trong binh hut 4m dé bao quan
dén khi st dung. Dic diém cac nhém chic bé
mit va thé zeta ctia chat nhdy thanh pham duoc
mo ta tai [17].

2.2. Phuong phap xdc dinh hiéu qua lam giam
do duc cua nuwdc cua chat nhay tach chiét tue vo
qua thanh long nho qua trinh keo tu - tao bong

2.2.1. Phuwong phdp chudn bi nide duc

Ngoai mau nudc song To Lich (TL), nghién
ctru sir dung 2 mau nudc duc nhan tao 1a nudc
cao lanh (KS) va nuédc lut gia dinh (FW).

Nudc song To Lich (TL) c¢6 d6 duc khoang
63 NTU, thu dugc sau khi dé ling nudc 13y &
diém song T6 Lich gan vdi truong trung hoc co
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s0 Quang Trung, DPéng Pa, Ha Noi trong 1 gid.
Mau nuée duge thu ¢ 16p nude bé mat (0-20 cm)
tai toa do 21°00°25,6’N 105°48°54,9’E vao
ngay 31/03/2019.

Nudc cao lanh 1a 16p nudce thu duge sau khi
ling dung dich huyén phu chira cao lanh phan tan
trong nudc may (12,5 g/L) trong vong 1 gio va
pha loang dén d6 duc khoang 200 NTU. Cao lanh
sir dung 1a cao lanh lam gém s Bat Trang cé
thanh phan chinh kaolinite va dickite.

Nudc lut gia dinh c6 d¢ duc 369 NTU, thu
dugc sau khi ling hdn hop dat doi va nudc song
Hong (2 g/L) trong 1 gio. Nude song Hong duoc
lay o 16p bé midt (0-20 cm) tai toa do
21°00°37,5°N 105°52°06,0”’E vao 20/08/2019.
Dat ddi duoc thu thap tai Phu HO, Phu Tho
(21°26°N 105°15°E) voi thanh phan gom 21%
cat, 40% limon va 39% sét; Thanh phan nguyén
t6 Si, Al, Fe va C hitu co chiém khoang 18, 13,
7, va 2%; Khoang vat sét chi yéu & day la
kaolinite.

2.2.2. Phwong phdp xdc dinh diéu kién keo
tu toi wu cua chat keo tu PAC

Qua trinh keo tu dugc thir nghiém trén mo
hinh Jar-test nhu phuong phap cua Anastasakis
(2009) [19]. Quy trinh thi nghiém chung dé xéac
dinh hiéu qua xu ly d6 duc cua hé keo tu - tao
bong gém cac bude tuan ti: nudce thai du vao
dugc diéu chinh pH bang NaOH hoic HCl trudc
khi cho vao binh thi nghiém; PAC (Poly
Aluminium Chloride [Al2(OH)nCle.n]m) 30%,
hoa chét cong nghiép Buc Giang) dugc cho vao
nude thai voi lidu luong thiét ké, tién hanh khuay
nhanh (200 vong/ph(t) trong vong 1 phit, khudy
cham (30 - 40 vong/phut) trong vong 10 phat va
dé lang. Hiéu qua lam giam d6 duc dugc danh
gia bang cach do lai do duc cia nudc sau qua
trinh xtr 1y ¢ d6 sau 3 cm. Hiéu qua lam giam do
duc duogc tinh béng % d9¢ duc bi giam di do tac
dong cua hé xu ly. B§ duc cia nudc dugc do
bang may do do duc cam tay Hach 2100Q theo
don vi NTU - Nephelometric Turbidity Unit. Cac
diéu kién keo tu duoc khao sat gém thoi gian
léng (10, 20, 30, 40, 50 va 60 phut), pH cia nude
ban dau (4, 5, 6, 7, 8, 9) va liéu PAC sir dung
(0-300 mg/L véi bude nhay 2, 5 va 10 mg/L).

2.2.3. Phuong phap xdc dinh hiéu qua lam
giam do duc cua chat nhay khi két hop voi PAC
trong hé keo tu - tao bong

Chat nhay duoc két hop v6i PAC véi vai tro
chét tro keo tu dé tang kich thuéc va kha nang
ling cua cac bong keo, dong thoi giam luong
PAC sir dung. Thi nghiém duoc tién hanh tuong
tu nhu trén, sir dung pH va thoi gian ling t6i uu
va PAC voi lidu luong nhé hon liéu luong tdi wu.
Chat nhay dugc cho vao & giai doan khudy cham
v6i lidu lugng nam trong khoang 0 - 60 mg/L.

3. Két qua va thao luin

3.1. PBiéu kién keo tu toi wu cua chat keo tu PAC
doi voi cac mau nuoc nghién cuu

3.1.1. Thoi gian ldng va pH t6i uu
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Hinh 1. Anh hudong cua thoi gian ling dén hiéu qua
lam giam d¢ duc cua qua trinh keo tu dung PAC.

Thoi gian lang t6i wu duge xac dinh trén cac
mau nude nghién clru ¢6 gié tri twong tu (Hinh 1).
Mau nude song T6 Lich (TL) 1a mau dau tién
dugc nghién ciru véi thiét ké 3 thoi diém ling;
trong khi cac mau con lai dugc nghién ctru sau
v6i 6 thoi diém ling nhdam minh hoa rd hon tac
dong cia thoi gian ling dén hiéu qua xu 1y do
duc cta hé keo tu - tao bong. Hiéu qua lam giam
d6 duc c6 xu hudng tang khi thoi gian ling ting
tir 10 dén 30 phut; Khi tiép tyc ting thoi gian
lang dén 60 phut thi mic d¢ ting hiéu qua lam
giam d¢ duc dat duoc rat thap (0-3%). Diéu nay
cho thiy thoi gian lang tir 30 phut 1a phu hop dé
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dat duogc hi€u qua lam gidam do duc on dinh va
cao nhat ddi voi cac mau nude nghién ctiru. Thoi
gian lang phy thudc vao loai chat keo tu dugc sir
dung va kich ¢& cua hat chét ran duogc hinh thanh
nho két tu cac hat keo di bj mat 6n dinh do tac
dung ctia chat keo tu sir dung. Thoi gian ling
30-60 phut ciing 1a thoi gian ling phu hop véi
cac qua trinh keo tu - tao bong str dung céac chét
keo tu sinh hoc duogc téng két boi Lee va cong su
(2014) [7].

100
90 s T
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Hinh 2. Anh huéng ciia pH dén hiéu qua lam giam
d6 duc cua qua trinh keo tu dung PAC.

Kha ning 1am giam d6 duc ciia PAC 6n dinh
trong khoang pH tir 5-8, 6-9 va 5-8 d6i v6i mau
nuée TL, KS va FW (Hinh 2). O pH kiém (8-9),
hiéu qua lam giam d6 duc thap hon so véi
khoang pH trung tinh dbi véi ca 3 miu nudc.
Trong khi d6, pH ctia 3 loai nuéc ké trén lan luot
c6 gia tri 7,0-7,8; 7,0-7,5 va 8,0-8,4 hoan toan
phu hop véi diéu kién pH hoat dong hiéu qua cua
PAC. Diéu nay c6 y nghia rat tich cuc do khong
phai diéu chinh pH ciia nudc nghién ciru va tiét
kiém dugc chi phi hoa chit trong qua trinh xt 1y.

Tac dong cia pH ban dau dén hiéu qua lam
giam d6 duc lién quan dén cac dang thay phan
cta nhom [20]. Cac dang thuy phan dién tich
duong ciia nhdm (gdm ca dang polymer ho4) tén
tai trong khoang pH 5-8 c6 chiic ning dic biét
quan trong trong trung hoa dién tich cta cac hat
keo, khién chung bét 6n dinh va gén két véi nhau
thanh hat ¢& 16n hon. PAC c¢6 kha nang hoat
dong hi¢u qua trong xir ly d6 duc cua nudce trong

khoang pH 5-8 nho su on dinh céu trac cua Alsg
trong nudce [19, 21].

3.1.1. Liéu lwong PAC t6i weu

Theo két qua thé hién & Hinh 3, & pH ban du
va thoi gian ling phu hop (30 phut), sy c6 mat
ciia PAC véi lidu luong 5-240 mg/L lam ting
hiéu qua lam gidm d¢ duc cua tt ca cac mau
nude nghién ciru; Tuy nhién, khi tiép tuc ting
PAC thi hiéu qua nay bi giam di. Liéu luong
PAC dugc cho 13 t6i vu ddi v6i qua trinh keo tu
dé lam giam do duc cua cic mau nude nghién
clru co gia tri trong khoang 20-50 mg/L. Hi¢u
qua lam giam d6 duc khi nay dat gan ngudng toi
da voi gia tri khoang 98%. Trong khoang lleu
lwong phut hop, chat keo tu c6 ngudn goc mudi
v0 co ¢6 xu hudng lam mét 6n dinh céac hat keo
nho tac dong lam giam lop dién kép cua ion trai
déu; Nhung khi vuot qua liéu luong tdi uu, sy on
dinh khéng gian cua cac hat keo lai dién ra nén
du lugng céac chat keo tu 1am ting d6 duc cua
nuéc [1, 19].
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Hinh 3. Anh huéng cua lidu lugng PAC dén hiéu
qua lam giam d6 duc cta qua trinh keo tu.

Liéu luong PAC t6i wu duogc lya chon dua
trén nhiéu tiéu chi khac nhau nhu kha ning lam
giam d¢ duc va gia tri kinh té cua viéc st dung
n6. Tuy vdy, trong nghién ctru nay, chat nhiy vo
thanh long dugc str dung 1am chat trg keo tu dé
tang cudng hiéu qua hoat dong cua PAC nén lidu
lugng PAC sir dung khong can c6 hidu qua xtr 1y
d6 duc cao nhat ma can c6 hiéu qua xtr 1y phu
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hop dé khi két hop voi chit nhay mang lai higu
qua xu 1y tot.

3.2. Hiéu qua lam giam do duc ciia chdt nhay khi
két hop voi PAC trong h¢ keo tu - tao bong dé xir
Iy cdc mau nuée nghién ciru

Qua4 trinh keo tu - tao bong dugc hoan thién
nho st dung PAC 1am chat keo tu va chat nhay
lam chét trg keo tu. Hiéu qua lam giam d¢ duc
cua cac mau nudc nghién ctru duogc thé hién tai
Hinh 4. D6i v6i mdi loai nuéde, sy tang liéu lugng
chat nhay sir dung trong khoang 2-30 mg/L mang
dén su tang hi€u qua lam giam do¢ duc. Liéu
luong chat nhéy trén 30 mg/L c6 thé tiép tuc tang
khong dang ké hodc gdy giam hiéu qua lam giam
d6 duc cua nude. Licu luong chat nhay tdi uu
chinh 1a 10 mg/L khi luong chit nhiy da sir dung
it nhat va hiéu qua lam gidm d6 duc ti€ém can voi
muc tbi da. Hiéu qua lam giam d¢ duc cao nhét
dat duoc véi nude TL, KS va FW lan luot la
77,35; 97,40; va 81,34%. Hiéu qua nay co thé
dugc ning cao khi tiép tuc thay dbi cong thirc
phdi hop ciia PAC va chat nhay.
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Hinh 4.’Hiéu qua 1é1m‘ giam d¢ duc cia nude
khi két hop chat nhay vo qua thanh long
va PAC trong h¢ keo tu - tao bong.

Co thé théy ro réng, su co mit cua cht nhﬁy
sau khi keo tu bz:ing PAC & cac liéu lugng lya
chon da lam tang hi€u qua lam giam d6 duc cua
nuée tir 13-22%. Diéu nay cho thdy kha ning
hoat dong nhu mot chét tro keo tu cla chét nhéy
tach chiét tir vo qua thanh long. Thém vao do,

viéc so sanh lugng PAC khi st dung don 1¢é va
khi str dung két hop voi chat nhay c6 hiéu qua
lam giam do duc twong duong cho thiy lugng
PAC tiét kiém dugc nho tac dung cua chat nhay
lan lugt 1 50, 50 va 68% doi v6i 3 mau nuée TL,
KS va FW. Kha ning tiét kiém nay la déang ké va
¢6 ¥ nghia quan trong d6i voi bao vé hé sinh thai
va strc khde con ngudi [1, 3, 4].

Chét keo tu - tao boéng sinh hoc cé thé 1am
mat 6n dinh cac phan tir keo trong nuéc bing
cach ting cuong cac ion va lam giam thé dién
dong din dén giam d¢ day cua 16p dién tich kép;
Hodc chiing c¢6 thé hap thu cac ion ddi nghich dé
trung hoa cac phan tir mang dién do ching cé cau
tric phan tir 16n va nhiéu nhém chire (nhu nhom
hydroxyl, cacboxyl) c6 thé phan tmg véi chat 6
nhidm [7]. Hiéu qua trg keo tu ctia chit nhay vo
qua thanh long dwoc giai thich do ban chat
polymer chira axit galacturonic v6i diém chirc
nang héap phu quan trong [22, 23].

Kha nang tang cuong hiéu qua lam giam do
duc cua chét nhay tach chiét tir vo qua thanh long
tuong duong v6i chat nhdy tir cdy dam but va cdi
xay [19]. Tac dung cta céc loai chat nhdy thuc
vat lai thé hién twong duong hodc tdt hon so véi
céc san pham thuong mai [7, 19]. Hiéu qua lam
giam d6 duc cao nhat dat dugc nho td hop PAC
va chét nhay tir 2 loai chit nhay ké trén ciing dat
cao nhét 97% dbi v6i nude duc nhan tao va 74%
d6i voi nudc thai sau qua trinh xir Iy sinh
hoc [19].

5. Két luan

Nghién ciru di cho thay chat nhdy tach chiét
tr v qua thanh long hoat dong hi€u qua nhu mét
chét tro keo tu trong h¢ keo tu - tao bong sir dung
PAC 1am chat keo tu d6i v6i 3 loai nuée duc (TL,
KS, FW) va mang lai hi¢u qua lam gidm d6 duc
lan lugt 14 77,35; 97,40; va 81,34%. Hi¢u qua tro
keo tu (tang 13-22% hiéu qua lam giam do duc
ctia nude khi két hop voi PAC) tuong duong voi
hidu qua dat dugc cua chat nhiy tir mot s loai
thuc vat va chit tro keo tu héa hoc thuong mai.
Ngoai ra, viéc st dung chit ndy con tiét kiém
dugc lugng 16n PAC st dung (50-68%), phan
anh kha nang gop phan vao bao vé hé sinh thai
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thuy sinh va sttc khoe con ngudi. Hon nira,
nghién cuu da dua ra mét gidi phap da loi ich
trong xir 1y chat thai hitu co va tmg dung cua
céc san pham c6 ngudn gde sinh hoc trong xir 1y
moi truong.
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