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Tom tat

Vdn dé 6 nhiém nguon nuéc dang tré nén ngay cang nghiém trong. Tuy nhién, qua trinh xu Iy
nuéc thai chiea duwoc thuc hién mét cach hiéu qud, dan dén viéc mét lirong lon céc chat déc hai bi
thdi tryc tiép ra méi truong nwéc ma khong qua xiz ly. Methylene Blue (MB) 1a mét chat nhugm hizu
co, duoc su dung rong rai trong nhiéu linh viee khdc nhau nhw y hoc, sinh hoc, hoa hoc va cong
nghigp, viec sur dung MB Vi nong dé lon co thé gdy tdc déng tiéu cuc doi Véi sirc khoe, bao gom cac
Vén dé nhu ton thuwong tim, nén mira, soc, Va té liét co tir chi. Trong bdi bdo nay, ching t6i dé xuat
Viéc t6i wu héa qud trinh hdp phu chat mau hizu co déc hai Methylene Blue (MB) nho vt liéu té hop
nano Sunfat Kém/Than hogt tinh ( ZnS NPs/AC ) nham xdc dinh cdc diéu kién thuec nghiém dé toi wu
hoéa hiéu sudt hap phy MB bdng m0 hinh tri tu¢ nhan tao (ANN) va md hinh Least Squares Support
Vector Machine (LS-SVM). Két qud thu dwoc hé sé xdc dinh (R2), sai $6 cdn quan phwong (RMSE)
lan heot 12 0.98, 0.74 véi md hinh ANN va 0.99, 0.24 véi md hinh LS-SVM. Piéu nay cho thay, mo
hinh LS-SVM cho khd ndng dir bdo chinh xdc hon so véi md hinh ANN va nhén duwoc cdac diéu kién
theec nghiém toi weu véi dé pH 1 6.6, nong dé MB 8.8mg/L, khéi liong chat hdp phy 14 0.015g, thoi
gian siéu am 4.9 pht va hiéu sudt hap phu MB trén 97%.

Tir khéa: hap phu, LS-SVM, mang noron nhén tao (ANN), MB, methylene blue
Abstract

OPTIMIZATION OF METHYLENE BLUE ADSORPTION PROCESS USING
ARTIFICIAL NEURAL NETWORKS AND LEAST SQUARES SUPPORT VECTOR
MACHINE METHOD

The water pollution problem is becoming increasingly serious. However, the wastewater
treatment process has not been carried out effectively causing a large amount of toxic substances
being discharged directly into the water environment without treatment. Methylene Blue (MB) is an
organic dye, widely used in many different fields such as medicine, biology, chemistry and industry.
Using MB in large concentrations can cause significant health issues such as heart damage, vomiting,
shock, and limb paralysis. This research aims to optimize the adsorption process for MB using a
composite of Zinc Sulfate Nanoparticles and Activated Carbon (ZnS NPs/AC). We utilized Artificial
Neural Networks (ANN) and Least Squares Support Vector Machine (LS-SVM) models to identify the
optimal conditions for MB adsorption. The performance of the models was assessed by their
determination coefficients (R?) and root mean square errors (RMSE). Results revealed that the LS-
SVM model, with an R? of 0.99 and RMSE of 0.24, outperformed the ANN model, which had an R? of
0.98 and an RMSE of 0.74. The optimal adsorption conditions were achieved at a pH of 6.6, MB
concentration of 8.8mg/L, adsorbent mass of 0.015g, and ultrasonication time of 4.9 minutes, yielding
an adsorption efficiency exceeding 97%.
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1. Gi6i thiéu

Bai toan t6i uu hoa qua trinh hap phu Methylene Blue (MB) bing phuong phép tri tué nhén tao
va phuong phap Least Squares Support Vector Machine (LS-SVM) la mét nghién ctru hira hen trong
linh vyc xtr Iy nudc va moi truong (Asfaram va cs., 2016). Mang noron nhan tao ANN (Artificial
Neural Networks) 1la mot trong nhitng ky thuat quan trong trong linh vuc Tri tué nhan tao (Al)
(Braspenning va cs., 1995; Asadollahfardi, 2015), né duoc thiét ké dé mo phong cau triic va chic
ning cuia ndo ngudi dé giai quyét cac van dé phic tap va thuc hién cac nhiém vy hoc may. Phuong
phap ANN da ching minh d6 hiéu qua cta minh trong nhiéu linh vyc khac nhau va dang ngay cang
tré nén quan trong trong ca linh vuc nghién ctru va g dung thyuc té (Palani va cs., 2008). LS-SVM
(Least Squares Support Vector Machine) 1a mot bién thé ctia phuong phap SVM (Support Vector
Machine) dugc th1et ké dé giai quyet véan dé hoi quy (Suykens vacs., 1999; Valyon & Horvath, 2007).
LS-SVM giai quyét bai toan tbi wu hoa bang cach tbi thiéu hoa tong binh phuong sai s6 giita gia tri
thuc té va gia tri dy doan cua mo6 hinh, ddng thoi kiém soat sy phirc tap cia mé hinh thong qua céc
tham s6 kiém soat (Moayeri & Hemami, 2003).

Két qua cta nghién ciru nay cung cip mot quy trinh t6i uu héa qua trinh thue nghiém, véi viée ti
wu cac diéu kién hip phu MB nhu d6 pH, nbng d6 MB, khdi luong chat hap phu va thoi gian siéu am
(Asfaram va cs., 2016). Tdi uu hoa cac diéu kién nay gop phan lam giam qua trinh thyc nghiém, giam
thoi gian nghién ctru ciing nhu t6i uu héa chi phi déng thoi ting hiéu suat xir Iy nudc thai cong nghiép.

2. Phwong phap nghién ciru

Duya vao sé liéu thuc nghiém, ching t6i xay dung mé hinh toan hoc gom cac bién doc lap & 16p
dau vao va bién 18 thudc & 16p dau ra ciia md hinh. Tir d6, trude tién ching t6i diung phuong phap
mang noron nhan tao (ANN) dé t6i vu héa mé hinh va du doan két qua hap phu MB. Sau d6 chung
t6i cai thién mo hinh ANN bang phuong phap LS-SVM (Asfaram va cs., 2016; Wang & Hu, 2005),
1ap bang so sanh véi cac phuong phap ANN va LS-SVM) va dua ra phuong trinh hdi quy tdi wu cho
hé thuc nghiém.

Bang 1 thé hién bo dir liéu thyc nghiém (Asfaram Va cs., 2016), bo dir liéu nay c6 4 dau vao 1a do
pH (X1), lugng chat hap phu (X2)(gram), néng d6 MB (X3)(mg/L) va thoi gian siéu am (X4)(min), c6
1 déu ra la kha nang hap phu MB trong nudc (Y).

Bdng 1. B¢ dir liéu thuc nghiém

:’l%m X1 X2 33 N4 Y ;“iu X1 N2 X3 X4 Y

E 5 0.01 16 2 85.59 16 |8 002 |32 a 36.35
2> 2 0.01 16 2 94.01 17 3.5 0.015 24 3 85.85
3 S 0.02 16 2 95.434 18 9.5 0.015 |24 3 92.01
3 8 0.02 16 2 98.12 19 6.5 0.005 24 3 78.2592
3 5 0.01 32 2 20.45 20 6.5 0.025 24 3 96.03
[ g 0.01 32 2 88.2 21 6.5 0.015 |8 3 98.36
7 5 0.02 32 2 91.022 22 6.5 0.015 |40 3 92.31
8 8 0.02 32 2 93.31 23 6.5 |oo1s |22 I 94.1

9 3 0.01 16 4 87.24 24 6.5 0.015 |24 5 98.596
10 |8 0.01 16 4 90.561 25 6.5 0.015 |24 3 97.874
11 5 0.02 16 4 98.5 26 6.5 0.015 |24 3 96.51
12 g 0.02 16 4 97.56 27 6.5 0.015 |[2a 3 97.447
13 5 0.01 32 4 86.24 28 6.5 0.015 |24 3 96.8
14 8 0.01 32 4 88.5 29 6.5 0.015 24 3 97.76
15 5 0.02 32 4 99.214 30 6.5 0.015 24 3 97.18

2.1. M6 hinh ANN:

Dura vao cac dir li¢u thuc nghiém néu trén, moi lién hé gitra cac bién ddc 1ap (thong s6 dau vao)
va céc bién phu thudc (thong s6 dau ra)
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Céc bién doc lap: X =[X1, X2, X3, X4] 1)
Trong do:
X1: d6 pH, X2: khéi luong chat hip phy, X3: nong d6 MB, X4: thoi gian siéu 4m.
Bién phu thudc dac trung cho daura: Y
Véi, Y: d6 hip phu R.
Phuong trinh ma trdn hoi quy bac nhat don gian dugc trinh bay nhu sau:
Y = (W x X+Dby) x W2+ b (2)

Trong do, Y 1a ma tran dau ra, W1 1a ma tran trong so 16p dau vao, X 1a ma tran dau vao, b1 la
vecto bias dau vao, W 1a ma tran trong so 16p dau ra, b2 1a vecto bias dau ra.

M6 hinh ANN dugc trinh bay nhu hinh 1 véi 4 bién du vao, 1 bién dau ra, 5 neuron 16p an

X —— /
2 N
X4 ——
\)
Hinh 1. M6 hinh ANN

Qua trinh huin luyén duoc trinh bay chi tiét dwa trén luu d6 & hinh 2.
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Hinh 2. Luu do tién trinh Xay duyng M0 hinh va die dodn dé hap phu MB
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2.2. M0 hinh LS-SVM:

LS-SVM (Least Squares Support Vector Machine) 1a phuong phap hoc may dugce sur dung cho
cac van dé phan loai va hdi quy (Suykens & Vandewalle, 1999), phuong phap nay tbi uu hoa khodng
cach gitra cac 16p, nhung thay vi giai bai toan t6i wu voi rang budc, no chuyén van dé vé mot bai toan
hoi quy tuyén tinh, v6i muc tiéu la giam thiéu sai sb binh phuong. Ham muc tiéu cua LS-SVM lién

quan dén viéc toi wu héa mot ham mat mat dua trén sai s6 du doan trong bai toan hdi quy tuyén tinh
(Moayeri & Hemami, 2023).

Cho mt tap dir liéu [(x;, y;)11,

v6i xi 12 vecto gdm cac dic trung thir i va yi 13 gid tri muc tiéu twong tmg, ham muc tiéu cua
LS-SVM cho bai toan hoi quy c6 thé dugc bi€u dién nhu sau:

L(WbE)——W w+yyN, e (3)
Véi diéu kién rang budc nhu sau: y; = wip(x;) +b+§, Vi=1,..,N
Trong do:
W Vecto trong sb, biéu dién duong phan chia (hay hyperplane) trong khéng gian nhiéu chiéu,
* b 1a sai s6 ( bias),
« & 12 bién sai s6 (16i) cho mbi diém dir liéu,
* Tham s6 diéu chinh, tham sb nay can bang gitta viéc t6i da hoa margin va giam thiéu 13i,

* ¢(Xi) 1a ham anh xa dir li€u cua vecto dau vao x vao khong gian dac trung nhiéu chiéu, noi ma
dir licu co6 thé trd nén tach bict tuyen tinh.

Céc tham s6 w va b dugc tim bang cach giai mot tap hop cac phuong trinh tuyén tinh, day 1a
diém khac biét chinh tir SVM chuan noi mét van dé lap phuong trinh bac hai dugc giai quyét. Muc
tiéu la tim ra mat phang phan chia phu hop nhat ma tach biét dir liéu trong khong gian dac trung voi
161 t0i thiéu.

Ham hoi quy LSSVM dugc mé ta nhu sau:

N

y() = ) K (xx) +b

k=1
Trong do:
« y(x) la gié tri dy doan cho diém dir liéu x.
e a; 1a nhiing nhan tr Lagrange.

o K(x,x4) 12 ham nhan kernel, mot ham dic biét dung dé so sanh diém dir liéu x voi cac diém
dit liéu khac trong tap huan luyén xy.

o b |2 sai s6 (bias)
V61 ham nhan co s¢ ham Radial (RBF):

_||xk_xl||2
K(xk' xl) =e 20?

Trong do:
o |l — 2, |2 1a binh phuong khoang cach Euclidean giita hai diém dit liéu.

« 02 13 binh phuong dd rong bang thong ciia ham kernel, c6 thé dugc toi uu hoa str dung cac
thudt toan nhu Genetic Algorithm (GA), Particle Swarm Optimization (PSO), hoac két hop ca hai
(HGAPSO).
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Tham sé y va 027 ciia LSSVM doéng vai trd quan trong trong viéc anh huong dén d6 chinh xac

du doan va kha nang tong quat hda cua mo hinh.
~ Baitoan t6i vu hoa LS-SVM duoc giai quyét bang cach st dung phuong phap binh phuong nho
nhat, lam cho qua trinh tinh toan tr¢ nén hiég qua hon vé mat tinh toan, dac bi¢t 1a trong truong hop
cua dir liéu 16n (Valyon & Horvath, 2007). Cau triac ciia mo6 hinh LS SVM duogc trinh bay nhu hinh 3.

Hinh 3. Cdu tric mé hinh LS SVM
2.3. Cac phwong phap danh gia:

Trong mang no-ron nhan tao (ANN), c()nnhi?:u phuong phap dé danh gia hiéu sudt ctia mé hinh.
Dudi day la mot so phuong phap danh gia pho bién (Hodson, 2022).

+ Sai s cin quéin phuong (Root Mean Squared Error - RMSE) (Chai & Draxler, 2014; Wang
& Lu, 2018).

Khi gia tri RMSE cang nho, mé hinh hdi quy dugc coi 1a ¢6 hiéu suit tot hon vi nd du doan gan
gia tri thuc te.

+ Hé Sb R? (R-squared) (Barrett, 2000): Hé s6 xac dinh 1a mot thong sé thudng duoc st dung
dé danh gia mirc d6 phii hop ctia mot mo hinh hoi quy véi dit lidu thyc té. N6 phan anh ty 1é phan
tram bién thién cia bién phu thuc duge giai thich boi mé hinh hdi quy, thudng duge gidi han trong
khoang tir 0 dén 1, gia tri R? cao (gan 1) cho thdy rang mé hinh hdi quy da giai thich duoc phan 16n
bién thién cua dir liéu, va mé hinh phu hop tot v6i dit liéu quan sat.

3. Két qua va thio luin
3.1. Khdo sdt so neuron I6p an:

S6 neuron trong 16p 4n clia mot mang no-ron nhan tao (ANN) 1a mét trong nhing yéu td quan
trong nhat quyét dinh ciu tric va chirc ning ctia mang. Mdi neuron trong cac 16p an c6 thé nhan input
tir 10p trude do, ap dung mot ham kich hoat, va truyén output ciia né dén 16p tiép theo. S6 neuron 16p
an trong bai bao nay duogc khao sat tir 1 dén 20 v&i 100 1an chay, dya trén hinh 4 ta thay sé neuron
16p an t6i vu 13 5 véi gia tri RMSE validation nhd nhét. Tai neuron 16p anlas, gia tri RMSE tap huén
luyén va tap so sanh c6 do chénh léch rat thép, chirng t6 mo hinh ANN dat gia tri t8i wu nhét
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RMSE with Different Numbers of Neurons in Hidden Layer
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Number of Neurons in Hidden Layer

Hinh 4. S6 neuron 16p an theo RMSE
3.2. Khdo sat ham kich hoat:

Ham kich hoat dong vai tro quan trong trong cac 16p dau ra cua mang neuron nhan tao, viéc
khao sat ham kich hoat tdi wu dé mé hinh ANN cang tré nén tdi wu gitp han ché thoi gian khao sat,
¢ déy nhom nghién ctru st dung cac ham Sigmoid(logsig), Purelin, Tanh(tansig), va ham Softmax,
qua khao sat vo1 100 lan chay dé tim ra ham kich hoat t&i wu trong ca 2 giai doan lién tuc 1a ham kich
hoat t6i wu cho 16p an (hidden) va 16p dau ra (output), ket qua theo bang 2 cho ra cap ham kich hoat
16p 4n 1a tansig, va ham output 13 purelin co tan suat xuat hién nhiéu nhat(8 lan) véi R? trén 0.9

Bdng 2. Khao sat ham kich hoat

Hidden logsig logsig | logsig logsig tansig | tansig | tansig tansig
Output logsig tansig | softmax | purelin | logsig |tansig |softmax purelin
S6 [an xuét 0 5 0 4 0 5 0 8

hién vé&iR2

ln (trén 0.9

Hidden softmax | softmax | softmax | softmax | purelin | purelin [ purelin | purelin
Output logsig | tansig softmax | purelin logsig | tansig softmax | purelin
S6 Ian xuat 0 4 0 5 0 0 0 0
hién vé&iR2

I&rn (trén 0.9)

3.3. Khdo sdt toc dp hoc tdp (learning rate):

Tdc do hoc tap (learning rate) la mot si€u tham sO quan trong trong qua trinh huan luyén mang
no-ron nhén tao (ANN). H¢ s6 nay xac dinh d6 16n cua budce cap nhat duge thuc hién trén trong s6
ctia mo hinh dua trén dao ham ctia ham mét mat. Néu qué 16n, c6 thé dan dén viéc bude cap nhat qua
16n va md hinh c6 thé khong hoi tu. Nguoc lai, néu qua nhd, qua trinh dao tao co thé dién ra rat chAm
hodc mé hinh c6 thé bi mic ket trong cac diém cuc tiéu.

https://vjol.info.vn/index.php/tdm 40



Tap chi Khoa hoc Dai hoc Thu Dau Mot ISSN (in): 1859-4433, (online): 2615-9635

RMSE vs Leaming Rate
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Hinh 5. Téc d6 hoc tdp theo RMSE

Dua vao két qua hinh 5 trén, ta thiy & toc do hoc tap 1a 0.05 cho két qua RMSE cua tap train va
tap validation thap nhat. O biéu d6 hinh 5, ta cling thay r6 su phu thugc cua RMSE theo toc d6 kha
twong dong gitra tap huan luyén va tap kiém dinh.

3.4. Khdo sdt thugt todn hudn luyén:

Thuét toan huin luyén trong ANN 1a mdt ham muc tiéu dé diéu chinh cac trong sb cua mang
no-ron (Fan va cs., 2022). Muc tiéu 1a 1am cho d4u ra ciia mang no-ron cang gan voi dau ra thyc té
nhét c6 thé. Thuat toan huin luyén do luong su chénh léch gitra du doan ciia mo6 hinh va gia tri thyc
té, voi cac ham huan luyén nhu hinh 6, ta thdy thuat toan huan luyén ‘trainrp’ c6 gia tri RMSE trén
tap kiém dinh nho nhét, chénh léch gitta gia tri RMSE cua tép huén luyén va tap kiém dinh cling nho
nhét, didu ndy ciing thé hién rd qua dd thi hinh 6

Comparison of Optimization Algorithms
14

[N RMSE Train
1z [ RMSE Validation |

10
trainlm |3.019 |4.841 sl
traingd 12.814 |12.688

traingda [(4.791 |6.380 Wl |
trainrp 3.187 (4.123
trainscg |3.644 |(4.615

&
5= o Cb =
o = \&-‘o =~

Optimization Algorithm

Hinh 6. Ham hudn luyén theo RMSE

RMSE

L

=]

3.5. Khdo sdt sé epoch:

Epoch trong mang no-ron nhan tao (ANN) dé cap dén sb lan toan bo tap dir liéu dugc s dung
de huén luyén mang. Mdi epoch bao gdm mat qua trinh lan truyen tién qua mang dé dua ra dy doan,
tiép theo 1a mot qua trinh lan truyén ngugc dé cip nhat trong sd dya trén 15i gitta du doan va két qua

thyuc té. Trong bai bao nay epoch Khao sat tir 1 dén 300 véi 50 lan chay, dwa vao hinh 7 ta thdy ¢
epoch 150 c6 su gan nhau nhat giira tap train va tap validation.

MSE vs Number of Epochs

35

pDo —E&— Train
—=— Validation b

30

25[

50 |16.234 |25.662
100 |12.096 |20.569 | % s
150 |8.814 |18.729 )
200 |14.270 [23.919| *°
250 |11.965 |16.982| 1o
300 |20.348 |30.991

MSE
L4

50 100 150 200 250 300
Number of Epochs

Hinh 7. S6 epoch theo MSE
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Vi céac thong so toi vu trén, ta tiep tuc chay huan luyén va tim ra duogc cac chi s6 danh gia mo
hinh tot nhat (cho bict gan chinh xac nhat sy phu thudc cta cac bién dau vao X vao bién dauraY).

Tap Huan Luyén

0 5 10 15 20 25

Tap Kiém Thir
100 . ; :
95
90 |

85 —#— D dodn

80

1 I.IS IZ 2i5 é 3.I5 ;1 4i5 5
Hinh 8. So sanh gia tri thuc té va du dodn véi tdp train va tdp validation theo mé hinh ANN

Két qua model ANN v&i cac thong sé di tdi wu nhu sau: S6 neuron 16p an téi uu 12 5, sé epoch
to1 uu la 150, hé s6 hoc tap toi wu 1a 0.05, ham kich hoat t6i vu la tansig va purelin.

Hinh 8 trén, v&i biéu do "Tap Huén Luyén" thé hién mé hinh ¢6 kha nang theo doi chat ché su
bién dong cua dit lidu thuc té, voi gia tri du doan phan anh kha trung thue cac dinh cua chudi dir licu.
Diéu nay cho thdy mé hinh c6 thé da hoc rat tbt tir dir liéu huén luyén. Tuy nhién, khi chuyén sang biéu
d6 "Tap Kiém Thu", mé hinh cho thay dau hiéu khong tong quat hoa du tot. Ca hai dudng gia tri thuc
té va dy doan déu bat diu & muc cao va theo xu huéng giam dan. Mo hinh dy doan kha phu hop véi
gia tri thuc té cho dén gitra chudi, sau d6 bat dau xuét hién su chénh 1éch. M6 hinh ANN phan anh chinh
xac dit liéu trong qua trinh huin luyén nhung van chua twong thich tot véi dit liéu kiém thr.

Bing 3. Két qua mé hinh ANN

Models | RMSE _train |RMSE,_val| R2 train | R2 val | D¢ halz\l,’;’“-‘ MB
ANN | 02517 0.7447 | 0.9977 | 0.9874 90.76%

Két qua chay sau khi t6i wvu mé hinh ANN cho thay R? d cai thién rat nhiéu, v6i gia tri 0.9977,
mo hinh giai thich dugce 99.77% su bién thién cua dit liéu trong tap huén luyén (train). Vi 0.9874
trén tap kiém thir (val) cling cao, cho thidy m6 hinh ciing ¢6 sy ‘phu hop t6t voi dir lidu kiém thu, sai
s6 can phuong RMSE thap, tuy nhién viéc RMSE ting dang ké tir tap huan luyén sang tap kiém thir
c6 thé 1a ddu hiéu cia overfitting, nghia 1a mé hinh c6 the d3 hoc qua mtc nhitng dic diém cu thé cua
tap huén luyén ma khong c6 kha ning téng quat hoa tot trén dir liéu moi.

Véi mé hinh LS-SVM di téi wu :
Bing 4. Két qua mé hinh Ls-Svm

. . D¢ hip phu
2 2 : !
Models RMSE _train| RMSE val | R? train | R val MB (Y)

ANN 0.2517 0.7447 0.9977 10.9874 | 90.76%
LS-SVM| 0.4677 0.2477 0.9919 ]0.9986 | 97.17%

Qua bang 4 trén, nhan thay rang:

« ANN dudng nhu bi overfitting, nghia 1a n6 khép qua chit véi dit liéu huan luyén, lam giam
kha nang du doan chinh xéc trén dir licu maoi.
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« LS-SVM, mic du c6 hiéu suit kém hon mot chut trén tap huén luyén so vdi ANN, nhung lai
cho két qua tot hon trén tap xac thuc, cho thay mo hinh nay c6 kha nang tong quat hoa tot hon.

’ Hinh 9 ciing cho thay réqg m6 hinh LS-SVM di khic phuc hoan toan nhirng diém dir liéu chua
tot, giip cai thién qua trinh huén luyén va lam giam dang k€ dg chénh 1éch gitra cac gia tri du doan
va gia tri thuc nghiém, vdi nhitng thong s6 trén ta thay mo hinh LS-SVM da cho két qua huan luyén

hon

Tap Huan Luyén

95

80

sor

100

a5

a0

85

Tip Huln Luyén
= .

0 a 10 15 20 25

Hinh 9. Két qua dw dodn va thuec té ciia mé hinh ANN va mé hinh LS-SVM

3.6. D dodn dw liéu dau vao:

Duw dodn pH t6i wu:

98

R% MB

Do thi hinh 10, khao sat phﬁn tram hap phu MB (R%) theo lugng hap phu va d6 pH ciing nhu
thoi gian si€u am, ket qua ta thay pH = 6.6 cho phan tram hap phu trén 97%

D06 phan hiy MB theo pH va MB concentration

15

25 20

30
pH 4 35
40 MB concentration

10

R% MB

So

D06 phan hay MB theo pH va sonication time

100

X 6.5769
Y 4.8974
Z98.2253

95

90

nication time

Hinh 10. Dy dodn pH t6i wu

Duw dodn néng dé MB t6i wu:

‘D(‘S thi hinh 11, khao sat phan tram hé'}p phu MB theo lwong hip phu, nong d6 MB va do pH,
véi nong do MB la 8.8mg/L vdi kha nang hap phu MB trén 97%.
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Do phan huy MB theo pH va MB concentration D06 phan hay MB theo Adsorbent mass va MB concentration
98
e o5 % 6.5769
%4 %7 | Y 8.8205 00 X 0.015256
@ g | z97.8719 Y 8.8205
= 92 95 N Z 98.1205
=
@ g9 90
88 | 85
86 . 80
10
75 5 0.025
8 40
6 10 5 0.015
20 15
25 20
H 4 30
p! 40 B ” )
MB concentration MB concentration 10 0.005 Adsorbent mass

Hinh 11. Dy dodn MB t6i uu
D dodn thoi gian siéu dam t6i wu:

DO thi hinh 12, kho st phan trim hap phy MB theo thoi gian siéu am, ndng o MB, khoi lugng
hap phu, két qua cho thay véi thoi gian si€u am 1a 4.9 pht cho phan tram hap phu dat trén 97%

Do phan huy MB theo MB concentration va Sonication time D6 phan hiy MB theo Adsorbent mass va Sonication time

X 24.4103

100 ~ g X 0.015256 553000
&
95
100
o 904
=
=2
fos] & 854
[i4
= 95
X
[ 4 80
40 75 5l
90 5
5 0.025

20 0.015

3

2

Sonication time 1 0.005 Adsorbent mass
Sonication time

4 10 MB concentration
Hinh 12. Dy dodn thoi gian siéu am t0i wu
Duw dodn khoi lwong chit hdp phu:

i Do thi hinh 13, khao sat phan tram hap phu MB theo khéi lugng chét hap phu, thoi gian siéu am,
nong do MB, két qua cho thay vdi khoi lugng hap phu 1a 0.015¢g cho phan trdm hap phu dat trén 97%.

D06 phan huy MB theo Adsorbent mass va Sonication time D6 phan huy MB theo Adsorbent mass va MB concentration

100 ~ ] X 0.015256 RESRooq

a5 100 ~ X 0.015256
= AR
95 4 RRRREIKTZ | 2 98.1205
g 90 " "";1’:' o,
= J
3
@ 854
85 -
80
80 4
72 > 75 5l 0.025

0.025
0.015

0.015 20

Sonication time 1 0.005 ASOIBBTNESE MB concentration 10 0.005 Adsorbent mass

Hinh 13. Dy dodn khéi lwong chdt hap phu

https://vjol.info.vn/index.php/tdm 44



Tap chi Khoa hoc Dai hoc Thu Dau Mot ISSN (in): 1859-4433, (online): 2615-9635

. Voicac két qua trén, ta co thé du doan véi cac théng sé dau vao nhu sau: pH 14 6.6, l{héi luong
chat hap phu 1a 0.015g, néng d6 MB la 8.8mg/L, va thoi gian si€u am la 4.9 phut c6 thé cho phén
tram hap phu MB cao nhat trén 97%

4. Két luan

Nghién ctru nay dé chimg minh hiéu qua cua viée sir dung ANN va LS-SVM trong t6i wu hoa
qua trinh hip phu MB, tir d6 dé xuat mot phuong phap m6i mé va hiéu qua cho viée xur ly 6 nhiém
nuge. Voi phuong phap ANN cho két qua héap phu MB trén 90%, vo1 LS-SVM da cai thién kha nang
hip phu MB dang ké véi trén 97%, két qua R? da cai thién rat nhiéu, dat gia trj cao trén 0.99. Pong
thoi qua mo hinh nay cling da du doan duoc cac thong s6 dau vao tdi vu nhu do pH 12 6.6, khdi luong
chét hap phu 1a 0.015g, nong 46 MB 14 8.8mg/L, thoi gian siéu am 1 4.9 phit. Dya vao mé hinh tdi
vu da nghién ctru trén, ching ta c6 thé mo rong ra, dua vao thyuc té nham giai quyét bai toan khir chét
ddc hai MB trong cac khu cong nghiép, khu ché xut... mot cach hiéu qua nham bao vé strc khoe cho
nguoi lao dong.
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