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Abstract: This paper presents the results of PAC synthesis from aluminum factory waste. PAC
was synthesized under the following conditions: HCI 18%, reaction temperature of 70 °C, reaction
time of 15 minutes for AICI; formation reaction; NaOH 6M, pH of 5, reaction temperature of
25 °C, and reaction time of 30 minutes for PAC synthesis from AICls. The synthesized PAC meets
technical requirements, with an aluminum content of approximately 13%. The surface water
treatment efficiency using PAC synthesized from aluminum factory waste is quite good, with
turbidity notably reducing from 13NTU to 1.8NTU, meeting current Vietnam Quality Standards
requirements.

Keywords: PAC, aluminum slag waste, aluminum waste products, water treatment,...

* Corresponding author.
E-mail address: cuonglm@huce.edu.vn

https://doi.org/10.25073/2588-1140/vnunst.5862
107


mailto:cuonglm@huce.edu.vn

108 L. M. Cuong et al./ VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 3 (2025) 107-114

Tong hop va dic trung thanh phan cia Poly-Aluminum
Chloride (PAC) tir xi thai nha may nhom
dé irng dung trong xur Iy nudc

Lé Manh Cuong”, D6 Thi Thanh Ha, Lé Huy Hoang, Nguyén Nhu Mai
Truong Pai hoc Xdy dung Ha Noi, 55 Giai Phong, Hai Ba Trung, Ha Ngi, Viét Nam

Nhén ngay 02 thérjg 01 nam 2025
Chinh sira ngay 06 thang 6 nam 2025; Chap nhan dang ngay 12 thang 6 nam 2025

Tém tat: Bai bao trinh bay két qua diéu ché PAC tir xi thai nha may san xudt nhom. PAC dugc
diéu ché voi didu kién phan tmg tao AICls 1a ndng d6 dung dich HCl 18%, nhiét do phan tng
70 °C, thoi gian phan Gng 15 phit; diéu kién diéu ché PAC tir AICls: dung dich NaOH 6M, pH
dung dich 1a 5, nhiét do phan tng la 25 °C va thoi gian phan tng la 30 phut. PAC diéu ché duge
thoa mén céc yéu cau ky thuét, véi ham luong Al khoang 13%. Hiéu qua xir 1y nudc mit bang
PAC diéu ché tir xi thai nha may san xudt nhom kha t6t, do duc giam mot cach rd rét tir 13NTU

xuéng con 1,8NTU, dat yéu cAu theo QC Viét Nam hién hanh.

Tir khéa: PAC, xi thai nhom, thai pham nhom, xtr 1y nudc, ...

1. Mé dau

Hién nay, tinh trang néng 1én toan ciu cing
v6i xu hudéng sdng xanh, sach dang thu hut su
quan tam dic biét cua con ngudi. O nhiém moi
truong do chat thai tir cac hoat dong san xuat va
tai ché kim loai cong nghi¢p, dic biét 1a nhom,
dang tro thanh van dé cap bach.

Nhoém 14 kim loai ¢6 lugng tiéu thu rat 16n,
gan lién v6i nhiéu linh vuc trong doi séng [1-4].
Hang ngdy, cic co sO san xuat va tai ché nhom
& nudc ta dang thai ra mot lugng xi thai khong
16 [5, 8]. Néu khong duoc xtr Iy mot cach khoa
hoc, cac chat thai nay co thé giy 6 nhiém
nghiém trong. Nhom c6 thé ton tai trong dat
hang trdm ndm, phd huy hé sinh thai xung
quanh khu vic xa thai [6, 7]. Chat thai nhom co
thé ngdm xudng dat, di vio mach nudc ngam, gy
anh huong khong tét dén strc khoé con ngudi.

Vi muyc ti€u bdo v€ mdi trudng va suc khoé
cong ddng, viéc xtr 1y xi thai nhém tir cac nha
may san xuat, tai ché nhom 1a vo ciing can thiét.

* Tac gia lién hé.
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Mot trong nhirng giai phap hitu hiéu 1a str dung
xi thai nhém dé san xudt Polyaluminum
chloride (PAC), mét hop chit duoc s dung
rong rai trong viéc xu 1y nudc va nudc thai
[7-9]. PAC giup két lang cac chit lo limg, loai
b6 chit hitu co, vi khuan co trong nuéc; ting do
trong cua nudc; kéo dai chu ky loc va ndng cao
chat lwong nudc sau xtr Iy. So voéi phén nhdm
thi PAC it lam thay d6i d6 pH ctia nudc sau xir
1y hon, giup giam thiéu viéc sir dung hoa chét
diéu chinh pH, hiéu qua keo tu cao hon, it an
mon thiét bi va kha ning Gmg dung rong hon.
Viéc nghién ctru va chuyén héa phé thai tir cac
nhd may, co sO san xuét, tai ché nhom thanh
PAC khong chi gép phan giam thiéu 6 nhiém
mobi truong ma con tdn dung hiéu qua dugc
ngudn tai nguyén khong tai tao 1a nhom [9, 10].

Hién nay c6 nhiéu phuong phap ché tao
PAC tily thudc vio cac ngudn nguyén liéu khac
nhau c6 thé ké dén nhu nhém kim loai tinh
luyén hay phé liéu (chu yéu) dugc lam sach sau
d6 hoa tan bang axit HCI. Qua trinh hoa tan tao
ra AICI; va khi hydro (H,) sau d6 oxy héa bang
clo (Clz) hodc hydro peroxit (H202) dé loai bo
cac ion AlO2 r6i mai trung hoa bang dung dich
kiém [4, 10]. Hay tir nguoén phd bién
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nhu Bauxite vé co ban quy trinh ciing gidéng
nhu tir nhém kim loai nhung quy trinh ché tao
tir quing Bauxite can nghién min hodc nung &
nhiét d cao dé d& hoa tan hon trong axit H2SO4
[3]. Ngoai ra con mét ngudn nguyén lidu giau
nhom ciling dugc st dung dé ché tao PAC 1a cao
lanh tuy nhién can hoat héa béng nhiét hodc hoa
chit dé ting kha ning hoa tan nhém sau dé lai
can xu 1y dich loc dé loai bo cac ion kim loai
nang (Fe, Ti,...) bing phuong phap két tua, hip
phu hodc chiét [5]. Nhin chung cac phuong
phap ché tao ndy thuong tiéu hao nhiéu nang
luong va hoa chat dé hoa tan nguyén lidu dau

vao va sinh ra nhiéu chit khong mong mudn
trong quéa trinh ché tao. Vi thé, nhom nghién
clru dit van dé ché tao PAC tir chat thai nha
may nhdm. PAC duoc ché tao theo phuong
phap nay don gidn, it t6n kém va han ché tap
chit khéng mong muén.

2. Noi dung

2.1. Poi tirong va phirong phdp nghién ciru

Xi thai ciia nha may san xuat nhém st dung
cho nghién cttu c6 thanh phan:

Oxit Al,O3 Fe O3

MgO | SiO; [ CaO [ CuO

Thanh phan
khoi luong, %

72,65 2,48 14,25

4,02 | 4,03 1,43 | 1,14

Xi thai s& duoc xur 1y dé tao thanh AICIz va
sau d6 thanh PAC theo qui trinh sau:

Xi thai

¢
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A 4
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Thuyét minh quy trinh ché tao:

Xi thai chira nhom dugc hoa tan trong axit
clohidric (HCI), tao thanh dung dich nhém
clorua (AICL).

Dung dich AICls tiép tuc duoc diéu chinh
pH voi NaOH, gitp tao mdi truong thudn lgi
hinh thanh PAC.

Hon hop sau phan tmg dugc loc dé loai bo cac
chét khong tan, sau d6 duoc séy kho dé tao PAC
rén thich hop cho bao quan va van chuyén.

San pham PAC rin duoc phén tich bang cac
phuong phap phd hdng ngoai FT-IR, phd nhidu
xa tia X, phé tan xa nang luong tia X.

2.2. Két qua va thao ludn

2.2.1. Cac yéu t6 anh huéng dén qué trinh
diéu ché AICI;

i) Anh huong cua thoi gian phan ung dén
hiéu suét hoa tan xi thai

Anh huéng cia thoi gian phan tng dén hiéu
suat hoa tan xi thai bang dung dich HCI 18% tai
nhiét d6 70 °C dugc dua ra & Bang 1, sau 15
phiit hoa tan thi xi thai mdi phan tmg hét vai
dung dich HCI.

Bang 1. Anh hudng cua thoi gian phan ing

dén hiéu suit hoa tan xi thai, xac dinh theo phuong
phap trong lugng sau loc

Thoi gian Hiéu suét hoa tan
phéan tng, phut xi thai, %
5 68
7 83
10 94
12 96
15 100
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ii) Anh huong cta nhiét do phan tng dén
hiéu sudt hoa tan xi thai va nong do dung dich
AICI; tao thanh

Khi hoa tan xi thai bang dung dich HCI
18%, néu phan tng thyc hién ¢ nhiét do thip
hon 70 °C thi sau 15 phut xi thai van chua duoc
hoa tan hoan toan.

_ Bang 2. Anh huong cia nhiét d§ phan tmg
dén hiéu suat hoa tan xi thai, xac dinh theo phuong
phap trong luong sau loc

T;f:,lgo Hiéu suét hoa Nong do dung
P e & | tanxithai% | dich AlCls, mol/l
50 86 2,1
60 93 2,4
70 100 3,0

Nong d6 cua AlCI3 1a mot yéu t6 quan trong
anh huong dén qua trinh tao keo polymer v6 co
PAC. Két qua Bang 2 cho thdy, khi nhiét do
phan tng ting 1am nudc bay hoi, din dén giam
thé tich dung dich va dung dich AICls thu duogc
c¢6 ndng dd cao hon.

iii) Anh huéng nong do axit HCI dén hiéu
sudt hoa tan xi thai va pH cua dung dich AICls
tao thanh

Két qua Bang 3 cho thiy, khi sir dung HCI
¢6 néng 6 nhoé hon 18% thi sau 15 phit & nhiét
d0 70 °C xi thai chua bi hoa tan hoan toan.

Bang 3. Anh hudng ciia ndng do axit HCI

dén hiéu suit hoa tan xi thai, xac dinh theo phuong
phéap trong luong sau loc

Nong do Hiéu suat hoa pH ctia dung
axit HCI, % | tan xi thai, % dich AICl3
14 84 3,5
16 96 3,3
18 100 2,9

pH cta dung dich AIClz 12 mot trong nhiing
yéu td quan trong trong qué trinh tong hop PAC
vi qua trinh chuyén hoa AI** vé dang AI®* cia
PAC phu thudc rat nhiéu vao pH ciia dung dich.
Két qua Bang 3 cho thdy, khi ndng do axit ting,
& cung diéu kién nhiét do phan ung thi nudc
bay hoi nhanh hon d6ng thdi pH cia dung dich
thu duoc ciing thap hon.

Nhu vay, diéu kién dé didu ché AICIs tir xi
thai nha may san xuat nhém 1a sir dung dung dich
HCI 18%; nhiét d6 phan mg 70 °C; thdi gian
phan tng 15 phat. Nong d6 dung dich AICI; thu
duoc 1a 3 mol/l va pH cta dung dich 14 2,9.

2.2.2. Cac yéu tb anh huong cua dén phan
g diéu ché PAC

i) Anh hudng cta nong d6 NaOH dén phan
g diéu ché PAC

Phan tng dugc thuc hién ¢ nhiét d6 25 °C;
thoi gian phan tng 1a 30 phit, c6 khudy; ndng
do AICI; str dung la 3 mol/l.

Bang 4. Anh huong ciia ndng d6 NaOH
dén phan tmg diéu ché PAC

Nong do pH cua dung Khoi lugng
NaOH, dich PAC PAC ran
mol/l long thu duoc, g
3 2,5 0,87
4 3 1,33
5 4,5 2,82
6 5 3,21
7 6 2,75

Nong d6 NaOH anh huong dén kha ning
tao PAC do tac dung diéu chinh pH dung dich.
PAC chi dugc tao ra ¢ diéu kién pH thich hop,
pH qua thap thi khong thé hinh thanh PAC, pH
qua cao thi san phim s& dan két tia tao ra
AI(OH)s. O ndng d6 NaOH 1a 6 mol/l, pH dung
dich thich hop dé tao PAC 1a 5 s& cho khéi
lwong PAC ran thu dugc cao nhét 1a 3,21 g.

ii) Anh huéng cia nhiét do dén phan ung
diéu ché PAC

Anh huéng cta nhiét d6 dén phan ung diéu
ché PAC duoc dua ra trong Bang 5. Thoi gian
phan tng 13 30 phut, c6 khudy; nong do AICIs
st dung 1a 3 mol/l.

Béang 5. Anh hudng ciia nhiét do
dén phan tmg diéu ché PAC

Nhi¢t | Khoi lugng
d6 phan PAC ran Hién tugng
ung, °C | thu duoc, g
Keo PAC
15 171 duoc tao thanh
Keo PAC
25 2,43 duoc tao thanh
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Keo PAC

35 1,94 chuyén héa mot phan
vé dang dung dich

45 0 Keo PAC chuyén hoa
hét vé dang dung dich

Két qua cho thdy PAC s& hinh thanh tdt
nhit & nhiét d6 25 °C; ting nhiét do s& bat loi
cho qua trinh hinh thanh PAC, khién dung dich
keo tan dan.

iii) Anh huong cua thoi gian phan ung dén
phan mg diéu ché PAC

Phan ng dugc thuc hién & nhiét do 25 °C;
nﬁ)ng d6 AICI; str dung 1a 3 mol/l. Két qua cho
thay, thoi gian phan Gng 30 phat 13 phu hop
nhét dé thu dugc khdi lugng PAC rén 16n nhit.

Bang 6. Anh hudng cua thoi gian phan Gmg dén phan
ung dieéu ché PAC

Thoi gian | Khbi luong
phan tmg, PAC rin Hién tuong
phat thu dugce, g
Luong PAC
20 237 | dn xuét hién
Luong PAC
25 2,43 thu duogc tang 1én
Luong PAC
30 2,46 thu duogc tang 1én
Luong PAC
40 248 thu duoc khong doi
Luong PAC
50 2,46 thu duoc khong doi

Nhu vy, diéu kién dé diéu ché PAC tur
AICI; 1a st dung dung dich NaOH 6M; pH
dung dich thich hop tao PAC la 5; nhiét do
phan ung 1a 25 °C; thoi gian phan ung la
30 phat.

2.2.3. Ké qua phan tich san pham PAC
diéu ché dugc

Phé FT-IR (Hinh 1) x4c nhan sy hién dién
ctia cac lién két hoa hoc dic trung trong Poly
Aluminium Chloride (PAC). Binh hydroxyl
(O-H) 13 rang trong khoang 3400 cm* cho thay
PAC c6 kha niang hip phu nuéc hodc chua cac
nhom hydroxyl lién két véi nhom. Cdc dinh
trong ving 1200-800 cm ™ 1a bang ching quan

trong cho ciu triic mang nhém-oxy (Al-O-Al)
va nhém-hydroxyl (AI-OH), dic trung cho
PAC. Pinh tai khodng 1600-1650 cm™ lién
quan dén nuéc lién két hodc hip phu, diéu nay
phd bién trong cac mau PAC.

110

100

%T
50 I

0 - i L " L
4000 3000 2000 1000 400
Wavenumber [cm-1]

Hinh 1. Phd FT-IR ctia mau PAC diéu ché dugc.

Hinh 2. Gian d6 nhiéu xa tia X cia mau PAC
diéu ché duoc.

Két qua phan tich XRD mau PAC diéu ché
dugc (Hinh 2) cho thdy cac dinh trén do thi
thyc nghiém (mau d6) tuong tng kha tot véi vi
tri cac dinh trén dd thi Iy thuyét (mau xanh
lam), chimg to pha chinh trong miu la
Chloraluminite (AICIsH1206) véi d6 tinh khiét
cao. Pinh (122) c6 cudng dd cao nhét trong ca
hai d6 thi, cho thdy day la mat phang tinh thé
chiém uu thé trong mau.

Hinh anh hién vi dién to quét SEM
(Hinh 3a) cho thy cau tric bé mat cia miu voi
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cac hat c6 kich thudc va hinh dang khong dong
déu, cac hat c6 goc canh va bé mat gé ghé, mot
s6 hat két tu lai v6i nhau; kich thudc hat phin
b rong. Hinh anh phan b nguyén t6 dya trén
phd tan xa tia X (EDS) cho thiy vi tri cac
nguyén t6 va phan bd khong dong déu, oxi la
nguyén té chiém ty 1¢ cao nhat, tiép theo 1a clo,
nhom va natri.

(a) (b)

Hinh 3. Két qua do EDS ctia méu PAC
diéu ché duoc

(@ (b)
Hinh 4. Két qua do EDS ctia mau PAC thuong mai

Bang 7. Thanh phan ciia miu PAC diéu ché duoc

. .| Khéi | Saisd .
NguAyen LO%I luong, | % khoi Nguﬁe”
to pho o tr, %
(] luong
K
0 ) 38,25 0,28 53,06
series
K
Na . 14,85 0,13 14,33
series
K
Al . 16,55 0,12 13,61
series
cl K1 2811 | 017 | 1760
series

K
S | oo | 166 | 006 | 115
cr Kl 060 | 008 | 025

series ! ! !

Téng 100,00 100,00

Bang 8. Thanh phan cia mau PAC thuong mai

. . | Khdi | Saisd .
P % lugng '
Al K 1257 | 014 | 12,35
series
K
Cl - | 40,05 | 0,28 | 29,95
series
K
Na ) 833 | 0,14 9,61
series
K
Ca ) 733 | 0,13 4,85
series
K
o] ) 23,57 | 0,39 | 39,05
Series
K
Fe ) 746 | 0,23 3,54
series
. K
Si ) 0,69 | 0,06 0,65
Series
Téng 100,00 100,00

So sanh két qua SEM-EDS v6i PAC thuong
mai (Hinh 3, 4) thdy ring ham lugng Al trong
PAC diéu ché dugc (Bang 7) khoang 13%, 16n
hon ham lugng Al trong PAC thuong mai
(Bang 8).

Ngoai ra vé thanh phan khac cho thiy ham
luong tap chat cia cic miu 1a khic nhau voi
(Ca, Fe, Si) cia PAC thuong mai va (S, Cr) cua
PAC diéu ché dugc, sy khac biét & day co thé
thdy % ham lugng tap chit ciia PAC thuong
mai l6n hon va c6 mau vang dic trung do co
ion Fe, cac ion du nay ¢ thé anh huéng mot phan
dén chat lwong nuéc sau xir Iy trong khi ham
lugng tap chat ciia nhém 14 rat nhé va gan nhu
khong anh huéng nhiéu dén nude sau xir 1y.

2.2.4. Két qua xir ly nuéc mit song Hong
bang PAC diéu ché dugc

MAu nude mit dugce lay tir song Hong theo
TCVN 6663-6:2018.
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Nude mit sau khi duge xir Iy bai PAC didu
ché dugc da co cac chi s6 o duc, TSS va COD
thuoc loai A theo tiéu chuin QCVN
08:2023/BTNMT, ¢6 thé sir dung cho sinh hoat.
Két qua xir Iy nuée cia PAC diéu ché duoc tuong
duong hoic tét hon so véi két qua xir Iy nudce cia
san pham PAC thuong mai trén thi truong.

Béng 9. So sanh két qua xir 1y nudc

mit séng Hong bang PAC diéu ché duoc
va PAC thuong mai trén thi truong

bo
Mau nudc mit duc, Insill ?noa, pH
NTU | M9 -
Trude khi xtr 1y 13,1 | 58,4 8,7 7,0
Sau khi xu ly
bang PAC 1,8 15,2 5,6 6,8
diéu ché duoc
Sau khi xr ly
bang PAC 1,8 17,2 6,6 6,7
thuong mai
3. Két qua

Nghién ctru di téng hop thanh cong hop
chit keo tu tro ling PAC tir xi thai cua nha may
san xudt nhom. Diéu kién phan tng tao AICI; la
néng d6 dung dich HCI1 18%, nhiét 6 phan tng
70 °C, thoi gian phan tng 15 phut. Diéu kién dé
diéu ché PAC tir AICI; 1a dung dich NaOH 6M,
pH dung dich la 5, nhiét d6 phan tmg 1a 25 °C
va thoi gian phan Gng 1a 30 phat. PAC diéu ché
dugc thoa man cac yéu cau k¥ thuat, véi ham
luong Al khoang 13%. Hi€u qua xu ly nuédc
mit bang PAC diéu ché dugc kha tot, 46 duc
giam mot cach rd rét tr 13NTU xubng con
1,8NTU, dat yéu cAu theo QC cua Viét Nam.
Viée ¢ thé diéu ché PAC tir ngudn b thai ré tién
cia nha may san xudt nhém vira mang lai hiéu
qua kinh té cao, vira gop phan bao vé méi truong.
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