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PHAN I. THONG TIN CHUNG

1.1. Tén dé tai: Phat trién mé hinh s du doan ung xu co hoc vat liéu composite nén
polyme gia cuong nano
1.2. M s6: 2-05.2020.04

1.3. Danh sach thanh vién tham gia thye hi¢n dé tai:

TT | Chirc danh, hoc vi, ho va tén Pon vi cong tac Vai tro thwe hién dé tai
1 TS. Lé Tién Thinh Khoa Co khi — Co dién Chu nhiém dé tai
tu, Truong DH Phenikaa
2 TS. Tran Ngoc An Khoa Co khi — Co dién Thanh vién
tu, Truong DH Phenikaa

1.4. Pon vi chi tri: Khoa Co khi — Co di¢n tir
1.5. Thoi gian thyc hién:

1.5.1. Theo hop dong:  tir thang 01 ndm 2021 dén thang 12 nim 2021

1.5.2. Gia han (néu c6): dén thang..... nam.....

1.5.3. Thuc hién thuc té: tir thang 01 nam 2021 dén thang 12 nam 2021
1.6. Nhiing thay ddi so v6i thuyét minh ban dau (néu co):
(Vé muc tiéu, ndi dung, phwong phdp, két qua nghién civu va té chirc thwe hién; Nguyén nhan;
Y kién ciia Co quan qudn 1)
1.7. Tong kinh phi dwoc phé duyét ciia dé tai: 40 triéu dong.
PHAN II. PANH GIA TONG QUAN KET QUA NGHIEN CUU
2.1. Tong quan vé nghién ciru

Dé phat trién vat liéu méi nhanh hon, mét sé du 4n quan trong di duoc cong bd va nhan
duoc sy quan tAm dang ké tir cac nha nghién ciru va k¥ su trén toan thé gisi. Tai Hoa Ky, vao
niam 2011, Tong théng Obama da giGi thidu sang kién Materials Genome Initiative (MGI), hd
trg cac co quan nghién ciru Hoa Ky trong viéc kham pha, thiét ké, san xuat va trién khai cac
vat liéu tién tién véi tdc d6 gip doi va v6i mot phan chi phi (tire 1a giam tir khoang 10-20 nim

xudng con khoang 5-10 nam) [1-3]. MGI 1a mét Gmg cir vién rat tiém nang trong viéc thu hep
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khoang cach giira thi nghiém vat liéu va Iy thuyét. Mot du an nhu vy ciing c6 thé thuc ddy
cac phuong phap tiép can nghién ctru c6 hé théng va chuyén sau vé dit liéu. C6 ba khia canh
quan trong dé phuc vu muc dich cia MGI: cong cu tinh toan, nguén lyc thi nghiém va dir licu
ky thuét s [4]. That vy, su két hop nhu vy rat quan trong trong viée thuc ddy su phat trién
clia cac vat lidu moi. Cac nd lyc tinh toan c6 thé cho phép cac nha nghién ciru kham pha thanh
phan va tinh chét cua vat liéu mot cach hidu qua, trong khi dir liéu thyc nghiém 14 didu can
thiét dé x4c nhan cac moé hinh s6. Trén thyc té, viée nay tiét kiém duoc rat 16n vé thoi gian va
chi phi thiét ké vat liéu bang cich két hop thong tin tir cic mé phong va cac thi nghi¢m thich
hop [5].

Céc cong cu tinh todn luon dong mdt vai tro quan trong trong cudc cach mang cua khoa
hoc vat liéu [1,6,7]. That vay, tir m6 phong Ly thuyét ham mat d6 (Density Functional Theory)
dén Pong luc hoc phan tir (Molecular Dynamics) hay Phuong phap phan tir hitu han (Finite
Element Method), cang nhiéu ma duogc phét trién thi cang c6 nhiéu tién bo vé khoa hoc vit
ligu. RO rang rﬁng, dé phan tich chat ché van dé va thuc hién tinh toan song song hi¢u suét
cao v4i dit liéu 16n, viéc phét trién ma bang ngon ngit lap trinh 1a rat can thiét. Tuy nhién,
viéc phat trién cac ma nay, Ly thuyét ham mat d¢ (Density Functional Theory), Pdng luc hoc
phan tr (Molecular Dynamics) hay Phuong phap phan tir hitu han (Finite Element Method),
van con rat nhiéu thach thirc dbi v6i cac nha nghién ctru, dac biét l1a vé viéc trién khai cac
thuat toan phi tuyén. Do d6, 1 rang 13 can phai c6 mot phuong phap hiéu qua hon dé hiéu rd

va du doan ing xtr co hoc ctia vat liéu nhiéu thanh phan.

Hon nita, nhitng mé phong quy mé 16n thuong cung cap mot luong dit liéu khong 16 [8],
nhu Dy 4n VAt liéu Materials Genome Initiative d3 dé cap ¢ trén, thu thap hon 120.600 hop
chat v6 co, 35.000 phan tir cling nhu 530.000 vat liéu nano. Trong mot nghién ctru khéc,
Gomez-Bombarelli et al. [9] dd két hop 1y thuyét, hoa hoc lugng tir va nhidu phuong phap dé
kham pha hanh vi ctia vat liéu tir co s& dit liéu gdm 1,6x106 phan tir didt phat quang hitu co.
Dé xtr Iy nhanh chéng va hiéu qua véi cac bo dir liéu 16n nhu vay, mdt cudc cach mang trong
khoa hoc vat liéu tinh toan lién quan dén cac phuong phap Hoc may (Machine Learning) da
dugc dé ra. Nhiéu tmg dung thanh coéng ctiia phuong phap Hoc may trong khoa hoc vat liéu
da duoc cong bd. Nouira va cong su. [10] di sir dung mang Generative Adversarial dé kham
pha cac ciu trac tinh thé hoc méi. Cac ing dung nhu vay trén kién trac tinh thé cling da duoc

nghién ctru bdi Ryan et al. [11] st dung Hoc sau (Deep learning) va Oliynyk et al. [12] st
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dung May vector hd trg (Support vector machine). V& vat liéu nén polyme, Mannodi-
Kanakkithodi et al. [13] dd st dung hdi quy Kernel Ridge dé thiét ké cac chat dién moi
polyme. V& hiéu suét co hoc, Yousef et al. [14] da stir dung mang no ron nhan tao dé du doan
cac tinh chat co hoc clia propylene nguyén chit va hdn hop cua ching. Khi két hop polyme
v6i pha gia cuong, Lingaraju et al. [15] d3 dy doan mét sb dic tinh k¥ thuat cua vat liéu nano
polyme-dat sét-silica bang cach sir dung mang no ron nhan tao. Khan va cong su. [16] da két
hop thuat toan t6i wu hoa téng quat va mang no ron nhan tao dé du doan d6 dan nhiét cua soi
tong hop nano polyvinyl-pyrrolidone. Kopal va cong su. [17] da du doan d6 bén kéo cua cao
su gia cudng mudi than bang cach sir dung mé hinh mang no ron nhan tao. M6t sb cong trinh
tong hop vé tng dung cua cac phuong phap Hoc may trong khoa hoc vat lidu duge dé xuat

nhu [18-22], va dic biét dbi voi cac vat lidu nén polyme [23-25].

Trong linh vuc co hoc vat li¢u ¢ Viét Nam hién nay, rat it cac cong trinh st dung mo hinh
s6 hoc may dé nghién ctru, du doan rng xr cta vat liéu, dac biét 1a vat licu nhiéu thanh phﬁn.
Mot trong nhirng nguyén nhan chu yéu 1 do sy thiéu hut, phan tan cac ngudn dit liéu co so,
ma gitp thiét 1ap va huan luyén mo hinh hoc may. C6 thé néi thém rang mot trong nhiing rao
can la do céc co s& nghién ctiru ¢ Viét Nam hién chua c6 céc truy cdp vao cac thu vién nghién
ctru 16n trén thé gidi. Thém vao dé, cac to chirc khoa hoc trong linh vuc nay chua s hitu
nhiéu cac mdy tinh hiéu ning cao trg giup tinh toan song song, diéu ma rat can thiét cho viéc
phat trién mo hinh hoc may.

C6 thé thay rang, nhitng khé khin khi nghién ciru tinh chét co hoc ctia vat liéu composite
chang han nhu chi phi thi nghiém, thoi gian va tai nguyén. Hon nifa, tir tong quan co sé nghién
ctru 0 thé théy réng dac tinh co hoc téng thé cua vat liéu composite bi anh huong boi mot sb
thong s6 nhu g xir co hoc cua tirng thanh phan, dang hinh hoc cia pha gia cuong, phuong
phap xir Iy bé mat, vv..., va su anh hudng ctia cic yéu td nay chwa dugc giai quyét mot cach
dinh luong. Tir cac co s& trén, NhAm tac gia da dé xuat phat trién md hinh s6 nhim dy doan
mo dun dan hdi cia vat liéu composite nén polyme gia cuong dng nano cacbon, dua trén
phuong phap hoc may, tinh téi nhiéu yéu t6 dau vao nhu tinh chat ciia pha nén, tinh chat cia
pha gia cuong, va tuong tac gitra hai pha. M6 hinh da duoc huan luyén va ti wu cac thong sd
thong qua mot co sé dir liéu thu thap tir cac tai liéu da cong bo. Ngoai ra, cac chi sb tin ciy
cling dugc st dung nham danh gid dinh lugng hi€éu nang cia moé hinh. Ttr m6 hinh tdi wu, céc

yéu t6 anh hudng cling nhu vu nhugce diém cua moé hinh da duoc chi ra va phan tich.
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2.2. Phuwong phap nghién ctiru
Trong nghién ctru ndy, cc cach tiép cin sau s& dugc trién khai:

e Phuong phap 1y thuyét: thu thap cac dit liéu thi nghiém tir cac tai liéu da cong bd;
e Phuong phap mé phong sd: phat trién ma 1ap trinh hudn luyén mé hinh hoc may, toi
vu hoa cac tham s ctia mo hinh.
Céc phuong phap trén dugc trinh bay cu thé nhu sau:
2.2.1. Phwong phdp 1y thuyét - thu thdp diF liéu tir cdc tai liéu da cong bé
Dt liéu duoc str dung trong nghién ctru nay da dugc thu thap tir cac nghién curu thi
nghiém da cong bd. Bang 1, 2 va 3 dudi day 1an lugt tom tat thong tin tong hop co so dit liéu,
thong ké gia tri cac tham sb va hé sb twong quan tuyén tinh giita cac tham sd. Cac bién trong
co s¢ dir liéu da dugc chon va phan loai dya trén céc ti€u chi sau:
« Loai ma tran polyme va khéi luong riéng cia no;
« Tinh chat co hoc ciia pha nén polyme: mé dun dan hoi, gidi han bén kéo;
« Tinh chét vat Iy cta pha gia cuong: khdi lwong riéng, chiéu dai trung binh, duong
kinh trung binh;
« Tinh chat co hoc ciia pha gia cuong: mé dun dan hoi;
« Céc thong sd két hop: ti trong gia cudng, phuwong phap hoa tron, phuong phap bién
tinh bé mit.
Trong co s& dit liéu ndy, 23 pha nén polyme khac nhau da duogc sir dung, két hop véi
22 phuong phap hoa tron va 20 bién tinh bé mat CNT. Cac tham sd nay duoc ma hoa trong
md phong. Bang 2 trinh bay phén tich théng ké gia tri cta cac bién trong co s¢ dit liéu, bao
gém gia tri nhé nhét, trung binh, tdi da, do 1éch chuén va hé sb bién thién. Ngoai ra, Bang 3

chi ra hé s6 tuong quan tuyén tinh giita ting cdp bién trong co sé dit lidu.

Bang 1. Thong tin tong hop vé co s dit liéu

Tai liéu tham khao |S6 thi |% ti |Pha nén polyme (tén tiéng Ky Wimin | Wtmax
nghiém |1¢ Anh) hi¢u (%) | (%)
pha
nén




Wu et al. [26] 4 2.0 |Acrylic acid grafted polylactide |PLA-g- |05 |3
AA
Yang et al. [27] 5 2.5 |Poly(ethylene oxide) PEO 0.1 |2
Kuan et al. [28] 8 4.0 |Polyurethane PU 05 |4
Shietal. [29] 4 2.0  |Poly(vinyl chloride) PVC 0.1 |05
Tseng et al. [30] 10 51 |Epoxy Epoxy [0.1 |1
Blond et al. [31] 6 3.0 |Poly(methyl methacrylate) PMMA (0.019|0.6
(PMMA )-functionalized
Safadi et al. [32] 3 1.5 |Polystyrene PS 1 5
Xiaet al. [33] 2 1.0 | Polypropylene PP 1 3
Qian et al. [34] 2 1.0 |Polystyrene PS 1 1
Kanagarai et al. [35] | 4 2.0 |High density polyethylene HDPE |0.11 |0.44
Xiao et al. [36] 4 2.0 | Low density polyethylene LDPE |1 10
Yang et al. [37] 8 4.0 |Low density polyethylene LDPE |05 (2
Jose et al. [38] 2 1.0 |Polypropylene PP 05 |1
Masudaetal. [39] |6 3.0 | Polypropylene PP 092 |11
Liu et al. [40] 1 0.5 | Poly(methyl methacrylate) PMMA |5 5
Liu etal. [41] 2 1.0 | Poly(methyl methacrylate) PMMA |21 |5
Kim et al. [42] 3 1.5 | Poly(methyl methacrylate) PMMA |0.01 |0.1
Colemanetal. [43] |7 3.5 | Polyvinyl alcohol PVA |0.11 |1
McCullen et al. [44] |2 1.0 | Poly(ethylene oxide) PEO 1 3
Hou et al. [45] 5 2.5 | Polyacrylonitrile nanofibers PAN 2 20
Li et al. [46] 1 0.5 | Poly(styrene-b-butadiene-co- SBBS |3 3
butylene-b-styrene)
Bokobza et al. [47] |7 3.5 | Styrene-butadiene rubber SBR 1 10
Zhao et al. [48] 2 1.0 |Polyamide-6 Nylon6/0.5 |05
Shao et al. [49] 2 1.0 |Polyamide-6 Nylon6|05 |1
Kang et al. [50] 1 0.5 | Poly(hexamethylene Nylon |15 |15
sebacamide) 610
Ogasawara et al. 3 1.5 |Polyimide Triple A Pl 3.3 |143
[51]
Zhu et al. [52] 3 1.5 |Poly(amic acid) Pl 2 9
Liu et al. [53] 2 1.0 | Polyetherimide PEI 05 |1
Yuen et al. [54] 4 2.0 |Polyimide Pl 1 7
Kwon et al. [55] 14 7.1 | Waterborne polyurethane WBPU [0.01 |15
Xia et al. [56] 3 1.5 |Polyurethane PU 05 |2
Xu et al. [57] 5 2.5 |Polyurethane PU 0.1 |05
Jinetal. [58] 9 4.5 | Poly(ethylene terephthalate) PET 05 |2
Bai et al. [59] 2 1.0 Hard epoxy Hard 05 |1
epoxy
Bai et al. [60] 9 45 | Epoxy Epoxy (05 |4
Guo et al. [61] 4 2.0 |Epoxy Epoxy |2 8
Kim et al. [62] 9 4.5 | Polycarbonate PC 01 |1
Hou et al. [63] 1 0.5 |Polyvinyl alcohol PVA 0.2 (0.2
Isayev et al. [64] 4 2.0 | Polyetherimide PEI 1 10
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Li et al. [65] 5 2.5 |Poly(styrene-b-butadiene-co- SBBS [1.25 |15
butylene-b-styrene)

Yan et al. [66] 3 1.5 |Polyamide 6 PCL 05 |15

Zhang et al. [67] 5 2.5 |Polyimide Pl 1 10

Srivastava et al. [68] | 12 6.1 |Polyimide Pl 05 |3

Téng 198 100




Bang 2. Thong ké co s¢ dif liéu.

Tham sb Ky hi¢u [Ponvi |Gidatri |Qu Gia tri Qs Gid tril6n | Phuwong | He s6 bién
i nhé nhat trung binh nhat sai thién (%)

Pha nén M - 2.00 8.00 13.28 19.00 24.00 6.78 51.07

Khéi luong riéng pha nén Pp g/cm?® 0.91 1.10 1.20 1.30 3.12 0.21 17.78

Mb dun dan héi cua pha nén = MPa 0.24 75.30 986.47 1477.00 3060.00 911.49 92.40

Gi6i han bén kéo ciia pha nén Np MPa 0.49 9.96 42.10 58.70 132.00 38.10 90.50

Ti trong khdi lwong pha gia cuong | wt % 0.01 0.50 2.05 2.00 20.00 2.89 140.64

Khéi lugng riéng pha gia cudng Pt glem®  [1.30 1.90 1.94 2.00 2.16 0.15 7.94

Puong kinh trung binh pha gia Ot nm 5.50 15.00 32.01 4750 127.50 27.91 87.19

cuon,

Chiéf dai trung binh pha gia cuong | It nm 850.00 10000.00 |26609.85 30000.00 252500.00 |37920.33 |142.50

Mo dun dan hoi pha gia cuong E GPa 450.00 850.00 848.59 850.00 1100.00 87.49 10.31

Phuong phép bién tinh bé mat pha | M - 1.00 10.00 12.94 16.00 21.00 4.92 38.03

gia cuong .

Phuong phap hoa tron phanénva |P - 1.00 6.00 13.05 19.00 22.00 6.40 49.07

pha gia cuong

Gi61 han bén kéo cua Nc MPa 0.55 14.50 51.67 79.50 190.00 43.72 84.61

nanocomposite




Bang 3. Phan tich hé sb trong quan tuyén tinh cta co s¢ dit liéu.

Hé s6 twong Po Ep Np wt Pt Ot l¢ E: M P N
quan
M -0.002 [-0.239 [-0.252 [-0.005 [-0.079 0274 [-007 [-0028 [-0.092 [-0.193
Pp 0.202 [0.273 [0.083 [-0.039 [-0.003 [0. 0.074 [-0199 [-0.111 [0.283
Ep 0571 [0152 [-014 [o0.15 0.227 |-0.041 [0.101 [-0.098 |06
N, 0.131 [-0.129 [0.037 [0.111 [0.069 [-0.268 [0.197 !
wt -0.014 [-0038 [0.125 [-0.051 [-0.054 [-0.147 [0.094
Pt -0.061 [-0.106 [-0.277 [0.115 [-0.021 [-0.04
Ot 0.05 -0.003 [0.13 0.155 | 0.006
I Doi -0.059 [-0.051 [-0.271 [0.129
xung
E¢ -0.137 [-0.022 [0.001
M -0.069 [-0.204
P 0.116

Nc




2.2.2. Phwong phdp mé phong sé

Trong nghién ctru nay, phuong phap hoc may Mang no ron nhan tao (ANN) dugc
phat trién va toi wu hoa nham du doan co tinh cua vat liéu téng hop nanocomposite.
ANN 1a mot phuong phap hoc may dugc sir dung phd bién trong khoa hoc dit liéu, duoc
dé xuat ban ddu boi McCulloch va Pitts [69]. Nén tang chinh ctia mé hinh ANN dya trén
chtrc nang ctia bo nao sinh hoc, duogc cAu tao boi cac nht co thé thue hién mot s6 nhiém
vu nhat dinh. Mdi no ron nhan tao (duoc goi 1a nat tinh toan) trong mang bao goém dit
liéu dau vao, trong s6 va phan hoi dau ra.

Uu diém cta mé hinh ANN 13 kha ning giai quyét cac van dé phuc tap co chua
mdi quan hé phi tuyén giita cac bién dau vao va dau ra. Mot vu diém khac ciia phuong
phap ANN 1a khong yéu cau cac gia thuyét va rang budc trudc trong qua trinh mé phong.
Phuong phép nay c6 kha ning phan tich cac mbi quan hé phi tuyén tinh phirc tap ciing
nhu xtr Iy dit 1iéu dau vao kich thude 16n. V& mit hiéu sudt, ANN co thé giai quyét cac
van dé phurc tap vé kich thudc cao nhd ciu trac tinh toan song song.

Input variable Notation Input layer Hidden layer Output layer
T(W. X)) B
*, 1
Matrix coding X - fhy |
Density of matrix X, fhy | :':_“ Young’s modulus

of nanocomposite

Processing method

; X;
coding T
Mechanical testing

X
method coding 4 fo
CNTs modification
coding Xs
b,
XM« A)

Young’s modulus of X.
CNTs " A

) s LW Xy1) ibn 7
Young’s modulus of ‘ : my; %
X { "
matrix 3 y e v fhy

Hinh 1. Minh hoa c4u tric ciia md hinh ANN gom c6 mét 16p dau vao, mot 16p an va mot 16p
dau ra.

C6 ba 16p chinh trong cau tric cia md hinh ANN, d6 1a nhiing 16p sau (Hinh 1):

- Lép dau vao;

- Cac 16p an ciia cac nit chire nang;

- Lép daura

Céc 16p trén duoc két ndi voi nhau bang cac nut tinh toan nhan tao ¢ chirc ning
xac dinh céc trong s6 ctia mo6 hinh. D6i véi mot van dé dau ra duy nhat, moé hinh ANN
dugc xay dung dua trén quan h¢ phi tuyén sau:
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f:XeR"—YeR, 1)

trong do X biéu thi vecto dau vao va Y biéu thi bién dau ra. Ham f ¢6 thé dugc viét
lai nhu sau:

X f(X)=fo(M*(fh(b+W *X))+b,), (2)

trong d6 W 1a ma tran trong s6, fh biéu thi ham kich hoat va b biéu thi vecto thién vi
ctia 16p an. Mt khac, M, fo va bo 1 cac bién giéng nhau cho 16p ddu ra:

m=W *X +b (3)
A= fh(W =X +b) 4)
A=fo(M=*A+b,) (5)

2.3. Két qua nghién ctru
2.3.1. T6i wu héa cdu tric ciia md hinh ANN bang nghién ciru tham sé ‘
Trong md hinh ANN, cac 16p an, dugc dinh nghia 1a cac 16p gitra cac 16p dau vao
va dau ra, c6 thé duoc thiét lap theo nhiéu cach khac nhau. Viéc phan tich cAu triic cua
cac 16p an 14 rat quan trong vi hiéu suat du doan bi anh hudng truc tiép boi sb luong cac
16p an va s6 no ron trong mdi 16p an. Trong nghién ctru ndy, mot nghién ctiru tham s da
dugc thyc hién dé khao sat anh huong ciia s6 lugng 16p an va no ron trong mdi 16p an
d6i v6i hiéu suat du doan. Trong nghién ciru tham sb ndy, sé lwong 16p an Niayer duoc
thay d6i bién thién tir 1 dén 4, trong khi s6 lugng no ron trong mdi 16p an, Nneuron, bién
thién tir 1 dén 30. Pham vi gi4 tri nhu vAy cho Niayer VA Nneuron duroc chon chu yéu 1a do
thoi gian tinh todn. Vi sd luong no ron trong mdi 16p an ¢o thé duge hoan vi voi sy lap
lai, s6 lugng 16p 4n cang 16n thi s6 lwong cdu tric tiém ning ANN cang 16n. Can luu y
rang 50 1an chay ngau nhién d3 dugc ap dung cho mdi cdu tric, dé co thé xem xét anh
hudng cta cac 1an 1dy miu ngau nhién. Vi vay, thoi gian tinh toan 14 rat quan trong.
Bang 4 chi ra s6 luong ciu hinh ¢ thé c6 trong nghién ciru tham sd.

Bing 4. S lugng ciu hinh c6 thé ¢ trong nghién ctru tham s6

Trudong §6 I6p SO no ron toi da So no ron toi _ So ~l?m chay Séocé'lu triic cé
hop an trong moi 16p 4n  thiéu trong moéi  ngau nhién cho  thé c6
16p an moi cau tric
1 1 30 1 50 1,500
2 2 30 1 50 46,500
3 3 30 1 50 1,396,500
4 4 30 1 50 41,896,500

Tinh toan trong nghién ciru nay dugc thuc hién bang may tinh DELL Vostro i5-
9400 2.90GHz 16Gb RAM tai Trudong Dai hoc Phenikaa. Theo khuyén nghi cua
Abambres et al. [70], k¥ thuat Levenberg-Marquardt dugc sit dung dé hudn luyén mo
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hinh ANN nham t6i wu hoa céc trong sé ctia nd. Vé cac ham kich hoat, can luu y rang
c6 thé sir dung nhiéu ham khéc nhau, chang han nhu: ham sigmoid tiép tuyén hyperbol,
ham log-sigmoid, ham tuyén tinh, ham tuyén tinh tich cuc, ham tuyén tinh bio hoa, ham
tuyén tinh bio hoa d6i xtng, v.v. Tuy nhién, nhu dugc chi ra trong phén co s& dur liéu,
tat ca cac diém dir liéu duoc dua vé ti 16 [0; 1], do do6 sigmoid la img ctr vién thich hop
nhit lam ham kich hoat vi ham nay ton tai trong khoang tir 0 dén 1. Do d6, ham sigmoid
dugc chon cho cac 16p 4n va ham tuyén tinh dugc chon cho cac 16p dau ra. Cudi cung,
mot ham sai s binh phwong trung binh d3 duogc st dung lam ham muc tiéu. Dbi véi moi
céu hinh, c4c gié tri trung binh trén 50 1an chay tiéu chi thong ké nhu R, RMSE va MAE
d3 duoc tinh toan va téng hop. Két qua cho thiy, cdu trac ANN tot nhat bao gdm 4 16p
an, 1an luot ¢6 19, 19, 15 va 13 no ron. C4u hinh nhu vy cung cip gia tri cao nhit cta
R, gi4 tri thip nhit cia RMSE va MAE tuong tng cho phan kiém chtng. Hon nira, d6
1éch chuan ciia R, RMSE va MAE trén 50 lan chay da duoc diéu tra, cho thiy rang cdu
trdc 19-19-15-13 cho gia tri thap nhat ciia d6 1éch chuan. Cau tric ANN t6i wu nay duoc
trinh bay trong Hinh 2, cho thay s6 lwong no ron trong mdi 16p an. Trong phan tiép theo,
kha nang dy doan cia mo hinh ANN t6i wru nay sé dugce trinh bay. Tém tat mé hinh duoc
trinh bay trong Bang 5.

Bang 5. Bac tinh caa mé hinh ANN.

Loai Tham sb Giatri

Cb dinh S6 no ron 16p dau vao 11
Sb no ron 16p dau ra 1
Ham kich hoat cho 16p an Sigmoid
Ham kich hoat cho 16p dau ra Tuyén tinh

Thuét toan huan luyén

Levenberg-Marquardt

Ham muc tiéu

MSE

Nghién ctru tham s6

S6 16p an

Niayer, bién thién tir 1 t6i 4

SO no ron trong 16p an

Nneuron, blén thlén to 1 t(’)'l 30

Ma tran trong so

Kich thudc ma tran trong so 16p an

Nneuron X N layer

Kich thudc ma tran bias 16p an 1 X Nreuron
Kich thudc ma trén trong so 16p dau ra | 1 X Nneuron
Kich thuéc ma trén bias 16p dau ra 1x1
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Hinh 2. CAu trac mo6 hinh ANN tdi uu.

2.3.2. Hiéu sudt ciia mé hinh

Trong phan nay, két qua du doan ciu trac t6i wu dugc trinh bay va so sanh voi cac
md hinh khac nhu tuyén tinh, tuyén tinh c6 twong tac va md hinh hdi quy da thirc bac
hai. D6 thi hoi quy cho phan huén luyén sir dung ANN, hoi quy tuyén tinh, hdi quy tuyén
tinh c6 tuong tac va hdi quy béc hai dugc hién thi lan luot trong Hinh 3a, 3¢, 3e va 3g.
Mit khac, d6 thi hdi quy cho phan kiém chiing sir dung ANN, héi quy tuyén tinh, hoi
quy tuyén tinh c6 tuong tic va hdi quy bac hai duge trinh bay lan lugt trong Hinh 3b,
3d, 3f va 3h. Trong céc hinh nay, gia tri ciia hé s6 tuong quan R ciing duoc chi ra, cling
v6i hé sb xac dinh R? va phuong trinh hdi quy tuyén tinh (d6 ddc). Tat ca cac gi tri caa
s liéu ciing dugc chi ra trong Bang 6, bao gdm chi s hiéu suit Y%advantage gitta ANN va
cac mo hinh khac nhu dugc dinh nghia trong phuong trinh dudi day:

((¢ANN 1) (¢others _1))><100 for R, 10A, Slope 5
%Advantage = AE. SSE. SI. ADR ( )
others ANN others
((ﬁ ™" )1 ¢ )xlOO for ErrorStD, RMSE, MAE, , Sl

12
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(a) Training part

— — —Ideal fit

A Data: R=0.986, R>=0.9722
Linear fit: y=0.96x+0.01

Actual data

(b) Testing part

Linear fit: y=x

— — —Ideal fit

A Data: R=0.978, R?=0.9565 L

13

Actual data




(h) Testing part

. (g) Training part 1
. A 2
4 Data: R=0.933, R?=0.8705 7 Data: RZ0.919, R ~0.8446
Linear fit: y=0.87x+0.04 e o _t;nela;:tﬁt. y=x+H0.022
— — ~Tdeal fit e o e
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0.25¢ 0.25¢
0 : : : 0 | I ‘
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Hinh 3. Do thi hdi quy cho phan huén luyén sir dung (a) ANN, (c) hdi quy tuyén tinh, ()
hoi quy tuyen tinh ¢6 tuong tac va (g) hoi quy béc hai; cho phan kiém ching sur dung (b)
ANN, (d) h6i quy tuyén tinh, (f) hdi quy tuyén tinh ¢ twong tac va (h) hoi quy bac hai.

Co thé théiy r::ing mo hinh ANN thé hién hiéu suat rat tot cho ca tap dir licu huan
luyén va thir nghiém. Hé s tuong quan trong ca hai truong hop déu thoa mén (R = 0.986
cho phan hudn luyén va R = 0.978 cho phan kiém chiing). Vé cac danh gia chat lugng
khac, c6 thé thdy trong Bang 6 rang mo hinh ANN duoc dé xuat thé hién rat tét so véi
cac mo hinh khac. V& mat SSE, mo hinh ANN duogc dé xuét tao ra gia tri thip nhat trong
ca pha huan luyén va kiém ching (SSE = 0.0018 cho huan luyén va SSE = 0.0021 cho
kiém ching). V& AIC, mo hinh ANN ciing thé hién hiéu ning tot voi gia tri AIC = -
181.14.

V& gia tri cho Y%Advantage, mO hinh ANN dugc dé xuat thé hién mét loi thé 16n so véi
cac mé hinh khac. Dua trén RMSE, MAE, ErrorStD, R, Slope, I0A, SSE va ADR, gia
tri ctia YoAdvantage 1uon duong cho ca diém dir liéu huan luyén va kiém chiémg, xac nhan
hiéu suat cao hon ctia mé hinh ANN duogc dé xuat. Can luu ¥ rang day 1a mot bai toan
da chiéu lién quan dén 11 bién dau vao. Vi 1y do d6, cac k¥ thuat hdi quy tuyén tinh,
tuyén tinh voi twong tac va bac hai khong thé thoéa man hiéu suit yéu cau. Co thé noi
rang nhin chung, mé hinh ANN vuot troi hon ciac md hinh khac.

14



Bang 6. Bang thong ké hi¢u suat ctia cdc mo hinh va %advantage gitta ANN va cdc mo hinh khéc.

Dii liéu | M6 hinh RMSE MAE ErrorMean | ErrorStD | R Slope I0A SSE SI AIC ADR
Huan ANN 0.0420 0.0300 -0.0001 0.0422 0.9860 0.9638 0.9928 0.0018 1.8519 -181.1362 | 1.2477
luyén
Tuyén tinh 0.0968 0.0678 0.0000 0.0971 0.9236 0.8530 0.9589 0.0094 1.7618 92.3451 -8.3864
Tuyén tinh c6 tuong 0.0464 0.0342 0.0000 0.0466 0.9829 0.9661 0.9913 0.0022 1.8439 -148.4300 | -12.4518
tac
Béc hai 0.0909 0.0661 0.0000 0.0912 0.9329 0.8703 0.9643 0.0083 1.7746 71.8995 -0.6237
Kiém ANN 0.0457 0.0329 -0.0002 0.0460 0.9778 1.0041 0.9886 0.0021 2.0899 -113.4448 | 0.9813
chung
Tuyén tinh 0.0805 0.0621 -0.0243 0.0772 0.9397 1.0064 0.9648 0.0065 1.8602 -30.9773 | -8.1966
Tuyén tinh c6 tuong 0.1540 0.0751 0.0002 0.1550 0.7728 0.8849 0.8785 0.0237 2.0628 71.6027 42.7215
tac
Béc hai 0.0931 0.0698 -0.0230 0.0908 0.9189 1.0038 0.9534 0.0087 1.8798 -7.9530 -13.6294
%Advantage RMSE MAE ErrorMean | ErrorStD | R Slope I0A SSE Sl AIC ADR
Huan Tuyén tinh +56.6 +55.8 - +56.6 +6.2 +11.1 +3.4 +81.1 -5.1 -
luyén +114.9
Tuyén tinh c6 tuong +9.5 +12.2 - +9.5 +0.3 -0.2 +0.2 +18.1 -0.4 -
tac +110.0
Bic hai +53.8 +54.6 - +53.8 +5.3 +9.4 +2.9 +78.6 -4.4 - +300.0
Kiém Tuyén tinh +43.2 +47.0 - +40.3 +3.8 -0.2 +2.4 +67.7 -12.3 -
chung +112.0
Tuyén tinh c6 twong +70.3 +56.1 - +70.3 +20.5 +11.9 +11.0 +91.2 -1.3 -
tac +97.7
Béc hai +50.9 +52.9 - +49.3 +5.9 +0.0 +3.5 +75.9 -11.2 - +107.2
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PHAN III. SAN PHAM, CONG BO VA KET QUA PAO TAO CUA PE TAI
3.1. Két qua nghién ciru

TT

Yéu cau khoa hoc

Danh muc san pham

Dang ky

Dat dwgc

1

Bai bao ISI 01

01

2

Bai bdo Scopus 01

01

3.2. Hinh thirc, cAp dd cong bd két qua

TT

San phim

Tinh trang

(Pd in/ chap nhdn in/ da
nép don/ da dwoc chdp
nhan don hop l¢/ da dwoc
cap gidy xdc nhdn SHTT/
xac nhdn sw dung san

phdm)

Ghi dia chi
va cam on
su tai trg
cua Truong
bH
Phenikaa
diung quy
dinh

Danh gia
chung
(Dat,
khong
dat)

Cong trinh cong bd trén tap chi ISI

N. X.Ho, T. T. Le*, M. V. Le,
Development of artificial
intelligence based model for the
prediction of Young’s modulus
of polymer/carbon-nanotubes
composites, Mechanics of
Advanced Materials and
Structures, 2021, I1S1 Q1, IF
4.03,
https://doi.org/10.1080/1537649
4.2021.1969709

Chap nhan in (“Article in
press, published online:
07 Sep 2021”)

Dung quy
dinh

Pat

Bai bao thudc hé thong Scopus

T. T. Le*, M. V. Le, Prediction
Model for Tensile Modulus of
Carbon Nanotube—Polymer
Composites. In: Nguyen D.C.,
Vu N.P., Long B.T., Puta H.,
Sattler KU. (eds) Advances in
Engineering Research and
Application. ICERA 2021.
Lecture Notes in Networks and
Systems, vol 366. Springer,
Cham,
https://doi.org/10.1007/978-3-
030-92574-1 80

ba in (“published online:
01 Jan 2022”)

Dung quy
dinh

Pat

Bai bao qudc té khac

3.1

3.1

Bai bdo trong nudc

4.1

16




4.2
5 |Bai bdo hoi nghi
5.1
5.2
6 Pang ky so hitu tri tué
6.1
6.2

San pham khac

Ghi cha:

- Cot san pham khoa hoc cong nghé: Liét ké cdc théng tin cdc san pham KHCN theo thir
tw <tén tdc gid, tén cong trinh, tén tap chi/nha xudt ban, sé phdt hanh, ndm phdt hanh, trang
dang cong trinh, ma cong trinh dang tap chi/sach chuyén khao (DOI), loai tap chi ISI/Scopus>

- Cdc an pham khoa hoc (bdi bdo, bdo cdo KH, sdch chuyén khdo...) chi dwoc chdp nhin

néu cé ghi nhan dia chi va cam on tai tro cua Truong Dai hoc Phenikaa theo dung quy dinh.

- Bdn phé t6 toan vin cdc an phdam nay phdi dwa vao phy luc cdc minh chirng ciia bdo cdo.
Riéng sach chuyén khdo cdn cé ban phé t6 bia, trang dau va trang cudi c¢é ghi théng tin ma sé
xudt ban.

3.3. Két qua dao tao (néu co)

Thoi gian va kinh phi | Cong trinh cong b6 lién quan
TT| Hovatén tham gia deé tai (San pham KHCN, ludn an, lugn | Pa bao vé
(50 thang/so tién) van)

Nghién ctru sinh

1| | |
Hoc vién cao hoc

1| | |

Sinh vién nghién ctru khoa hoc

1 | | | |

PHAN IV. TINH HINH SU DUNG KINH PHi

Kinh phi Kinh phi
TT Noi dung chi dugc duyét thuye hién
(triéu dong) | (triéu dong)

Ghi
chu

1 | Nguyén, nhién vat liéu, ...

2 | Thiét bi, dung cu

3 | Cong tac phi : tham du hoi thao 15,000,000 10,552,168

4 | Dich vu thué ngoai 10,000,000 9,499,751

5 | T6 chirc hoi nghi, hoi thao 15,000,000 11,241,570
Tong ) 40,000,000 31,293,489

PHAN V. KIEN NGHI (vé phdt trién cdc két qua nghién civu ciia dé tai; vé quan 1y, t6
chire thuwe hién & cdc cdp)
Céc kién nghi sau day dugc dé xuat dé phat trién cac két qua nghién ctru cta dé tai:

e Xay dung co s¢ dir licu déy dt va ¢6 nhiéu dit liéu hon, hudng té1 cac tinh chat ly

hoa khac nhau cta vat liéu nanocomposite;
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o Két hop co so dit liu thu duge véi cac co s dir liéu hién co;

e Phat trién co s& dir liéu tinh t6i cac thong sb quan trong nhu nhiét dg;

e Phat trién cac mo hinh hoc méay khac nham kiém ching hiéu ning ciia mé hinh
ANN;

e Cung cip md hinh tbi uu t&i cac nha khoa hoc/nghién ctru sinh/sinh vién bang
cac giao dién d6 hoa ngudi dung, phat trién trén nén Excel nhim don gian hoa
viéc st dung;

e Xay dyng cac mé hinh 1y thuyét (co hoc vi m6) va cac mé phong sb phan tir hitu
han dé so sanh véi mo hinh phat trién trong nghién ctru ndy;

e Thuec hién cac thi nghiém kiém chtng trong kha ning cho phép.

PHAN VI. PHU LUC (minh chitng cdc san pham néu & Phan I1I)
- Déi véi bai bdo khoa hoc, Bang sang ché, Gidi phdp cong nghé, ... in cdc minh

chuirng kem theo.
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ABSTRACT

In this paper, an Artificial Intelligence (Al) model is constructed for the behavior prediction, i.e. Young's
modulus, of polymer/catbon-nanotube (CMTs) compaosites. The Al is proposed to overcome the difficul-
ties when studying the properties of nowel composite materials, for example the time-consuming of
experimental studies of resource-consuming of other numerical methods. Artificial Neural Network
IANN) model was chosen and optimized in architecture based on a pammetric study. The main object-
ive of this study is to firstly confirm that the proposed Al method performs well for nanocomposites
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and it can then be optimized in terms of computational time and resources in further studies. The
obtained results have shown that the proposed model exhibits great performance in both training and
testing phases, where the correlation coefficient is 0.986 for training part and 0.978 for the testing part.

1. Introduction

With the recent challenges in economic and environment of
engineering  structures, technological innovations are
required, which leads to the needs of new materials.
However, finding and characterizing novel materials are
conventionally done by experiments [1], which are costly in
terms of time and resources. For example, the studies of
novel materials can take up to 10-20 years using laboratory
experiments [2]. Therefore, only a limited number of prob-
lems can be studied using conventional methods.

As a solution to this problem, many projects have been pro-
posed in the past to reduce the cost when studying behavior of
novel materials. With very interesting goals, these projects have
attracted huge attention from researchers all around the world.
One stand out project that can be listed is the Material
Genome Initiative (MGI) introduced by president Obama in
2011, with the purpose of improving the design and production
of advanced materials with the time and cost reduction of 50%
[3]. To this aim, the US's government has largdy engaged in
the infrastructure of current R&D institutions for accelerating
and accompanying the manufacturing in industrial zones. In
2014, the US National Sdence and Technology Council has
published “Materials Genome Initiative Strategic Plan”, guiding
and coordinating all the US Federal activities on the MGI's
vision [4]. In a same context, European Materials Modeling
Council has also announced several major projects, which aim
to bring together different materials activities in Europe and to
rise competitiveness in the industrial sectors [5].

The MGI project composes of three main contributions,
which are computational, experimental resources and numer-
ical data [1]. Such combination, with the inclusion of computa-
tional resources, plays a crucial role in the study of novel
materials, On the other hand, the experimental data are essen-
tial for the validation of numerical models. A typical example
of MGI significant progress could be listed such as the
Materials Project [6], which offers to all researchers and engi-
neers an online database from Density Functional Theory
(DFT) simulations over 66,000 compounds. A vast advanced
materials have been developed through this database induding
new battery (7] and thermoeectric [8] materials.

Computational tools always play an important role in the
revolution of materials science [9, 10]. Indeed, from DFT to
Molecular Dynamics simulations, the more efficient codes
are developed, the more materials science progresses are
made. Moreover, these large-scale simulations provide an
enormous amount of data [11], as the typical example
Materials Project mentioned above, gathering more than
120,600 inorganic compounds, 35,000 molecules as well as
530,000 nanoporous materials. In another investigation,
Gomez-Bombarelli et al. [12] have combined theory and
numerical methods to study the behavior of materials from
a database of 1.6 x 10° organic light-emitting diode mole-
cules. Another type of computational approach to study the
behavior of composite materials is homogenization-based
approaches, However, this type of methods also requires a
lot of time and resources. For example, in [13], to solve a
multi-scale problem involving 1.3 billion unknowns, the
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Abstract. This work develops a Neural Network (NN) model for the prediction
of the tensile modulus of carbon nanotube (CN)/polymer nanocomposites, based
on experimental database. A data set composed of 282 configurations is col-
lected from available resources. Considered input variables of the dataset are
such as mechanical properties of separated phases, density of polymer matrix,
processing method, geometry of CN, modification method at the CN surface,
etc. while the problem output is the tensile modulus of nanocomposite. Para-
metric studies have been performed in finding optimum architecture of the
proposed NN model.

Keywords: Neural Network - Carbon nanotubes - Nanocomposites -
Polymer - Tensile modulus

1 Introduction

With the constant development of technologies and economic, and from an environ-
mental point of view, more and more materials need to be developed. However, finding
and characterizing novel materials are conventionally done by experiments [1]. His-
torically, the average timeframe to fully comprehend the behavior of materials using
laboratory experiments is 10 to 20 years. These types of experiments, especially for
composite materials are costly in terms of resources and equipment. In addition, they
can only study a limited number and/or mixture proportion when considering a novel
material.

In order to deal quickly and efficiently with such large datasets, a computational
revolution in computational materials science has come involving Machine Learning
(ML) methods. Application of machine learning algorithms in material science has
been proven successful with several published papers in the literature. Nouira et al. [2]
have employed Generative Adversarial Networks for discovering new crystallographic
structures. Such applications on crystal architecture have also been investigated by
Ryan et al. [3] using Deep Learning and by Oliynyk et al. [4] using Support Vector

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
D. C. Nguyen et al. (Eds.): ICERA 2021, LNNS 366, pp. 1-7, 2022,
https:/doLorg/10.1007/978-3-030-92574-1_80
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