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XAC DINH TY LE CAC CHAT PHU GIA KHANG UV
~ VA OXY HOA CHO HON HQP VAT LIEU POLYPROPYLEN
BANG PHUONG PHAP QUY HOACH THU'C NGHIEM TRUC GIAO
VA TOI UU HOA HAM PA MUC TIEU

Nguyén Dinh Chinh’, Trdn Phuong Chién, Nguyén Thanh Nhan

Tém tit: Nham ting dé bén méi tricong cho [6p vo ngoai cua tii chira nuoc mém dugc
ché tao tir hon hop vt liéu polypropylen, cac chdt phu gia khdng UV va 6 xy héa bao gom
bét than den, chdt chong oxy hod va chat chong UV dwoc sir dung Viéc xac dinh mot ty ¢
thich hop cac phu gia néu trén la muc tiéu chinh cua nghién ciru nay. Bdo cdo nay trinh
bay qua trinh xac dinh ty ¢ cdc chdt phu gia bang phirong phép quy hoach thuc nghiém
truc giao va 16i wu héa ham da muc tiéu. Két qua thu dwoc da tim ra ty 1¢ t6i wu bét than
den, chat khang UV va chdt chong 6 xy héa theo phan khéi lwong tiong iing la 3:3,8:0,6.

Tir khoa: Polypropylen; Bot than den; Chat chéng UV; Chit chéng Oxy ho4; Quy hoach thuc nghiém truc giao; Tbi
uu hdéa ham da muc tiéu.

1. PAT VAN PE

Thuét ngit bé mém (flexible tanks) hay tai mém (flaxible bladder) dung dé chi cac phuong
tién dé tich chtra va van chuyén chét long duoc ché tao tir vat liéu linh dong co hoc (mém) khong
thAm nuéc/khi. TGi mém dugc st dung dau tién dé chira nhién liéu cho mdy bay trong chién
tranh thé gidi lan tht 1. Sau chién tranh, tGi mém duoc nghién cuu ché tao bang cac loai vat liéu
moi va gia cudng dé co thé dung dugc tat ca cac lai chat 1ong tir formaldehyde dén nudc hoa qua
va c6 thé tich trit an toan moi thir chat 1ong tir a-xit dén nudc udng [1]. Tai mém duoc dung ngay
cang phd bién do vu diém la nhe va gia thanh ré.

Trong nudc, thi mém chira nude 13 san pham cua Vién Khoa hoc va Cong ngh¢ quén su tir
nhitng nim 2004 va duoc tng dung trong nhiéu hoat dong Quan sy qudc phong nhur trir nude, trix
dau ... cho Bo d6i dong quan ngoai Hai dao hay dung trong hudn luyén sin sang chién ddu, ciing
nhu st dung nhiéu cho dan sy nhu tich trit nude ngot phuc vu tudi tiéu, sinh hoat tai ving chiu
han han va xadm nhap man ving Tay Nam B¢ [2].

San phém tai mém chira nudc sinh hoat ngiy cang dugc st dung rong rii do tinh tién loi va
gia thanh chap nhan duoc cua loai phuong tién nay. Dac biét cong nghé vat liéu phat trién cung
cap cac loai vai trang phd nhua nhleu 16p c6 do bén co 1y cao va an toan vé méi trudng va stre
khoe di tao thuan lgi cho nha san xuit ché tao va dua ra thi truong nhiéu chung loai tai mém c6
chat luong tot. Trong qua trinh san Xuét va str dung tai mém trit nudc, chung 61 da khong ngimg
nghién ctru cai tién k¥ thuat, cong nghé san xuat vat lidu dé nang cao chit lugng, dap tng nhu
cau tudi tho su dung tai nhiéu khu vuc, moi truong, didu kién 1am viéc khac nhau. Hai trong sb
nhiing yéu cau quan trong d6 1a d¢ bén cta tii mém noéi chung va 16p vo ngoai ndi riéng trudc
anh huong cia tia UV va qua trinh Oxy hoa nhiét.

Hdn hop vt liéu Polypropylen duogc dung lam 16p v ngoai tui mém chira nuéc; dé nang cao
tudi tho cua vat liéu, cac phu gia bot than den, chit chong uv, chat chng Oxy hoa dugc dua vao
don phdi tron. Nghién ctru nay nham tim ra ty 1& sir dung ti wu cta cac phu gia trén dé dat dwoc
hi€u qua cao nhat vé do bén Oxy hoa nhiét va do bén khang UV cho hon hop vat ligu [3].

2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Thyc nghiém
2.1.1. Nguyén vat liéu swr dung

Hon hop vat liéu Polypropylen dugc lya chon dé khao sat ché tao vat liéu lam 16p ngoai cho
tai chira nudc mém c6 thanh phan co ban nhu sau:
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Bdng 1. Thanh phdn hén hop vat liéu tie PP

TT Tén vat lidu PKL
1 Hat nhya PP 1102 K 100
2 Bot CaCOj: Taical mé& PP (80 % CaCO0j) 6
3 Chat trg tuong hop: PA 222 4
4 Chat boi tron ecuramide: PE wax 1
5 Chat trg gia cong PPA 2
6 Bot than den chong tia cuc tim: Black raven P5 utra (Z,) 1-9
7 Chat chéng UV: UV 783 (Z,) 1-5
8 Chat chdng oxy héa Irganox 1010 (Z5) 0,1-0,7
9 Mot s6 phu gia hoa chat khac Vira du

2.1.2. Ché tao méu vit liéu

Nguyén vat lidu duoc siy & nhiét do 80 °C trong vong 5 gid. Can dinh luong cac thanh phan
va tron déu rdi dua vao thiét b tron hop Brabender voi cac thong s6: Nhiét do tron 190 °C, tdc
do tron 40 vong/phiit va thoi gian tron 6 phut.

2.2. Phwong phap nghién ciru
2.2.1. Phuong phap do dac

Vat liéu sauNkhi tron xong dugc ép Qiqh hinh & nhiét d6 180 °C véi luc ¢p 15 Mpa trong thoi
gian 3 phut. Mau dugc lam ngudi va d€ o6n dinh ¢ nhiét d6 phong, sau 24 gio tién hanh do dac
cac chi tiéu:

- L&o hoa gia to¢ ¢ 95 °C, moi truong khong khi dbi luu, trong 100 gio. Sau d6, mau dugc do
hé s6 gia hda theo tiéu chuan TCVN 2229:2013.

- Gia téc UV bang may Q-sun Xenon test chamber voi ché d6: Nhiét do bu(‘3ng chtra mau 68 °C,
bl"Ic xa 0,51 W/m?/340 nm, lginh loc Daylight véi gian chiéu xa 120 gid. Sau do, mau duogc do hé
6 180 héa UV theo tiéu chuan TCVN 8482-2010.

2.2.2. Phuong phap quy hoach thuc nghiém
a) Phwong phdp quy hoach truc giao cdp I [4]:

T4 chirc thi nghiém TYT2* véi 2 muc ciia cac yéu td, k 1a cac yéu td anh hudng.

Phuong trinh quy hoi (PTQH) diy du chira cac hé sb twong tac 1a mé hinh tuyén tinh:

y =bo+ P1x1 + byx; + b3xs + ’b12x'12 + by3x13 + ba3xp3 + ?123x123 1)

V6i: b 1a he s6 tu do; by, by, by 13 h¢ s6 tuyen tinh; by, bis, b3 1a hé s6 tuong tac doi; bis la
hé s6 tuong tic ba.

b) Téi wu hod ham muc tiéu riéng 1é bang phwong phdp doc dirng ciia Box va Wilson [4]
- Xé4c dinh mién bién thién:

ZMn < Z; < 2 )
- Mtic co so cua quy hoach thi nghi¢m:
o .
Zy =0.5(Z™" + Z"*) (3)
- Khoang bién thién cua cac yéu té:
AZ;j = 0.5(Z"™ — Z]"™) 4)
- Chuyén hé truc ty nhién sang h¢ ma hoa khang thir nguyén:
zZ.—79
] ]
= 5
Xj == (5)

]
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- Céc cdng thuec tinh todn quy hoach thuc nghiém c6 thi nghiém lap lai:
+ Tinh gid tri trung binhy, caa'y & mdi TN:

m .
_l=2u=1ylu;i = 1=N (6)
m
+ Tinh phuong sai & mdi thi nghiém:
m _=\2
Siz — u=1(ym yl) . i=1=N (7)
m-—1
+ Kiém dinh sy dong nhat cac phuong sai theo tiéu chuan Cochran:
Srznax
= (8)
S

+ S0 sanh gia tri tinh dugc v6i gia tri bang G(;_p)(f1, f2) V61 p 1a mic ¥ nghia, f; = m-1;
f,= N, néu G < G, (f1, f2) ta co phuong sai dong nhat.
+ Tinh phuong sai tai hién:

N S2
SZ, = —1‘1:[ L fan=N.(m—-1) 9)
+ Tinh cac hiéu tng tuong tac:
N —
b = Yi=1%iYi (10)
J N
~ r r 2
+ V1 7 nhan duoc theo mau so ¢6 so lugng m nén 2 = %’l do do:
SZ
2 _ “th (11)
b N.m
+ Kiém dinh y nghia cac h¢ so hoi quy theo tiéu chuan t:
||
j
] Sbj

Néu ti<t,(f); f=N.(m-1) thi b; bi loai khoi phuong trinh quy hdi.
+ Kiém dinh sy tuong thich caa PTQH:
_ &'S _ m2§\l=1(37z —3)?
szt N-1
v6i | 12 hé 6 co y nghia trong PTHQ.
Néu F < Fu-p(f1, f2) thi phuong trinh twong thich véi thyc nghiém.
Néu F > Fap(f1, f2) thi phuong trinh khong tuong thich véi thuc nghiém va phai tang bac
da thuc.
¢) Téi wu hod ham da muc tiéu bang chdp tuyén tinh
Xay dung tirng ham muc tiéu;
Tim nghiém toi uu cho ting ham muc tiéu;
Chon h¢ s6 quan trong a (trong so6) cho ting ham muc tiéu; )
Thuc hién thi nghiém leo doc cho ham chap tuyeén tinh va tim nghiém t6i vu.
3. KET QUA, TINH TOAN VA THAO LUAN
Véi muyc ti€u la xac dinh thanh phan bot than den, chit chéng Uv, chét chéng Oxy ho4 trong
don pha ché voai ty 1¢ phu hop dé ham da muc ti€u (la kha nang chong Oxy hoa nhiét va kha nang

F (13)
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khéang 180 hoa UV) dat gia tri t5t nhat, t6i uru hoa dwoc thyc hién bang céc tién hanh ddi véi timg
ham muyc ti€u riéng biét sau do t6i vu hoa ham 2 muyc tiéu chép tuyén tinh.
3.1. T6i wu hoa cac ham muc tiéu riéng 1é
- Mtre co sé dugc tinh theo (3);
- Khoang bién thién AZ; duoc tinh theo (4);
- Tir’ hé toa d6 Z;, Z,, Zs ta chuyén sang h@ toa d6 maéi khong thir nguyén Xy, X,, X3 bang bién
doi tuyen tinh theo (5), ta c6 cac so liéu ban dau:
Bing 2. Cdc s6 liéu ban dau.

Cac yéu tb

biéu kién hoach o .
1eL i quy hoa 7, (Bot than den) | Z, (Chat chéng UV) | Zs(Chét chéng Oxy hod)

Muc co sé (tam phuong an) 5 3 0,4
Khoang bién thién AZj 4 2 0,3
Mtc trén 9 5 0,7
Mtc dudi 1 1 0,1

- Tién hanh thuc nghiém yéu té toan phan TYT2¥, s6 yéu té k = 3, sb t6 hop (s6 thi nghiém)
cothécotr3yéutb o mac21a N = 2k = 8;

- Ham muc tiéu caa nghién ciru 1a d6 bén Oxy hoa nhiét (y;, %) va kha niang khang UV (y,,
%) cna vat liéu.

3.1.1. Xay dung mo ta toan hoc va 16i wu hod ham muc tiéu Y,

Ma tran quy hoach thuc nghiém c6 thi nghiém lap, két qua thi nghiém va tinh gia tri trung
binh ¥, & mdi diém thi nghiém theo (6), tinh phuong sai S? & mdi thi nghiém theo (7) cho cac két
qua:

Bing 3. Céc két qua thi nghiém doi voi ham ddp iing y,.

Cac yeu ::3 ;hheigr;[y 1 xich g yéu t6 trong hé ma hoa Harr;fgz )ung
TN | 4 |2 | Zs | X0 | X2 | X | Xg Y11 | Y12 | Y13 7 St
1 9 5 0,7 + + + + 79,1 78,8 | 81,1 79,7 1,56
2 1 5 0,7 + - + + 90,8 90,1 | 884 89,8 1,52
3 9 1 0,7 + + - + 77,1 83,0 | 785 79,5 9,50
4 1 1 0,7 + - - + 87,3 84,6 | 85,2 85,7 2,01
5 9 5 0,1 + + + - 84,0 79,5 | 81,6 81,7 5,07
6 1 5 (01| + - + - 85,6 82,7 | 81,7 83,3 4,10
7 9 1 0,1 + + - - 70,6 68,9 | 73,7 71,1 5,92
8 1 1 0,1 + - - - 82,2 77,6 | 80,0 79,9 5,29
8
z — | 650,7 | 34,99
i=1
- Kiém dinh sy ddng nhét ctia cac phuong sai theo tiéu chuan Cochran (8):
S2. 950

Grinn = = =0,2716
" 8 . S2 34,99

Tra bang phan vi phan b6 Cochran véi: d tin cay 1-p = 0,95; f,=m-1=3-1=3; f,= N =8,
ta dlI'Q'C: Gl_p(fl, fz) =0,5157
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- Ta €6 Gyinn = 0,2716 < Gy_p(f1, f2) = 0,5157, céc phuong sai dong nhat.
- Tinh cac hé Sé) PTHQ b, by, by, bs, D12, b3, bas, b1os theo (10)
- Tinh phuong sai tai hién theo (9):

8 .52 _ 3499
8 8
- B9 Iéch quan phuong hé so thu j theo (11):

Sy = i 23T s
PITINM T Bx3

Kiém dinh ¥ nghia cac hé s6 hoi quy theo tiéu chuan Student (12), ta dugc cAc gia tri cua t;:

S2, = = 4,37

Bdng 4. Cac gia tri t; theo tiéu chudn Student ham y:.

to 190,53 tio 0,97
ty -7,84 tis -1,69
to 5,34 tos -2,88
ts -5,46 ti23 -3,27

Tra bang t,(f) voi mirc ¥ nghia p = 0,05, bac ty do f = N.(M-1) = 8x(3-1) = 16, ta dugc t,(f) =
2,12.
Nhu vay, ti,, tiz < ty(f) do d6 cac hé s by, big khong c6 y nghia, loai ra khoi PTHQ. Vay
PTHQ c6 dang:
yi =81,34 — 3,35x; + 2,28x, + 2,33%3 — 1,23%23 — 1,40%x;23 (14)
Kiém dinh sy twong thich ctia phwong trinh hdi quy véi thuc nghiém theo tiéu chuan Fisher:
Bing 5. S6 liéu kiém dinh sw twong thich ciia PTHQ ham y,.

STT 5 3 G- 5
1 85.4 79,97 0,0920
2 88,1 89,47 0,0880
3 78.9 80,67 1,2920
4 81,0 84,57 1,2769
5 76,2 80,57 1,2769
6 78,4 84.47 1,2920
7 72.4 70.75 0,1003
8 73,4 80,25 0,1003

Z - 650,72 5,52

N (5 _5)2
Theo (13) ta c6: SZ = MY, -9

N-1
Véi 1=5 1a 56 hé sb ¢ ¥ nghia cia PTHQ, M=3 14 sb thi nghiém lap lai, nhu vay ta duoc:
3x5,52
Stzt = — 5 = 5,52

Véi S, = 4,37 tinh & trén, ta duoc:
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_ S% 552
~SZ 437
Gia tri bang cua tiéu chuan Fisher véi: muc y nghia p = 0,05; f;= N-1=8-4 = 4; f,=N(m-1) =
8x(3-1) = 16 ta co: Fyy(f1,f) = 3,0> F =1,26.
Nhu vay, PTHQ tuong thich vai thuc nghiém.
*T6i wu hoa thuc nghiém dwoc thuc hién bang phwong phap dwong déc nhat, bit dau
chon tir tam phwong an.
+ Chon buéc chuyén dong cuia yéu to Z; 1a 6, = -1, cac budc chuyén dong con lai duoc tinh
theo biéu thurc:

=1,26

+ Céc két qua thuc nghiém t6i uu hoa duoc trinh bay:
Bing 6. Két qua thiee nghiém t0i wu hod theo phwong phdp dweong doc nhdt ham y.,

Tén Z; Z, Z3 y1, %
Murc co s& 5 3 0,4 89,2
Hé so b; -3,35 2,28 2,33

Khoang bién thiénaz; 4 2 0,3

baz -13,38 4,56 0,70

Budc 6; -1 0,34 0,05

Budc lam tron -1 0,3 0,1

TN1 4 3,3 0,5 92,5
TN2 3 3,6 0,6 95,9
TN3 2 3,9 0,7 93,6
TNA4 1 4,2 0,8 90,1

Nhdn xét: Tir bang trén cho thdy, két qua tét nhat nhan duoc & thi nghiém 2, thong s6 toi wu
hoa thoa man yéu cau nghién cuu.
3.1.2. Xay dung mo ta toan hoc va 16i wu hod ham muc tiéu Y,

Tién hanh do d6 bén khang UV vsi cac mau da chay gia toc UV, tinh todn va xi 1 s6 ligu
tuong tu Vi ham y; ta duoc két qua vai ham y, PTHQ c6 dang:

y; =76,18 —3,07x1 + 2,43x, + 2,87x3 —1,09x13 — 1,85x,3 — 1,33x1,3 (15)

*Tién hanh t6i wu hoa thuc nghi¢m bang phuong phap dwong dc nhit, bit dau chen tir
tam phwong an, ket qua thu dwgrc:

-V6i Z,=3; Z,= 3,8; Z3= 0,6 (PKL) ta duoc két qua tdi uu cho ham y, = 92,9%.

Nhdn xét: Ung v6i 2 ham muc tiéu 1a do bén Oxy nhiét va d6 bén khang UV, thu dugc 2 md
ta todn hoc la PTHQ, cuc tri ctia ham y; g véi Z; = 3, Z, = 3,6; Z3= 0,6 va cuc tri cua ham y,
ung voi Z,=3; Z,=3,8; Z3=0,6.
3.2. T6i wu hoa ham da muc tiéu bang phuong phap chép tuyén tinh

Thuc té khong thé c6 mot nghiém chung cho ca hai qua trinh dé dat dugc Yimax/min va
Y,max/min ma chi tim ducyc nghi€m thoa hi€p (X1, Xz, X3) dé cac giatri Yy, Y, nam gin diém cyuc
tri. Trong truong hop nay can giai bai toan da muc tiéu dé dat duoc cuc dai cho Y1 va Y,, ta tién
hanh phuong phéap chép tuyén tinh.

Chon mbi quan hé giita ham chép tuyén tinh (Y,) va cac ham don Y va Y:
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YL = alyl + szYZ (16)
Trong do: oy lahé $b quan trong ing voi ham muc tiéu Yy,
0, 12 hé sb quan trong ing voi ham muc tiéu Y.

Khi str dung tGi mém chtra nuéc & moi trudng ngoai troi, cac yéu td tac dong cua ning (tia
UV) va lao hoa nhiét dugc danh gia 1a quan tr(_)ng’nhét va anh hudong nhu nhau, do do, chon o, =
ap =0,5; thay vao (16) ta co phuong trinh chap tuyén tinh ham da muc tiéu:

YL = 0,5Y1 + O,SYZ (17)

Dya vao 2 PTHQ cta ham y; (14) va y, (15), ta c6 PTHQ chap:

y. =78,76 —3,21x1 + 2,36x, + 2,60x3 — 1,09x13 — 1,54x,3 —

Tién hanh t&i vu hoa ham da muc tiéu bang phuong phap doc dimg:

Chon budc chuyén dong cua yéu to Z; 1a 6, = -1, cac budc chuyén dong con lai dugc tinh
theo biéu thuc:

1, 37x123 (18)

A
Cac két qua thuc nghiém téi vu hoa duoc trinh bay:
Bing 7. Két qua thure nghiém theo dwong doc dirng ham chdp tuyén tinh y.

Tén Z; Z, Z3 y1, % Y2, %0 Y, %
Muc co sé 5 3 0,4 89,2 88,5 88,9
Hé s6 by -3,21 2,36 2,6

Khoang bién thiénAZ; 4 2 0,3

bAZ; -12.84 4,72 0,78

Budc 6; -1 0,37 0,06

Budc lam tron -1 0,4 01

TN1 4 34 0,5 935 90,3 91,9
TN2 3 3,8 0,6 95,1 92,9 94,0
TN3 2 4,0 0,7 92,9 91,6 92,3
TN4 1 4.4 0,8 89,5 89,4 89,5

Nhdn xét: O TN2 ham muc tiéu y, c6 gia tri cuc dai. Ty 1é cac chat phu gia tuong Ung s€ 1 ty
1¢ tron hop duoc chon, & d6 dap tmg dugce dong thoi ca 2 ham muc tiéu (tdi wu hai muc tidu co
diéu kién).

4. KET LUAN

Ttr m6 hinh toan hoc va tdi wu ham don muc tiéu va chap tuyén tinh ham da muc tiéu (kha
nang khang UV va khang oxy hod nhiét), nhom tac gia da tim duoc ty 1¢ sir dung t6i wu cac chat
phu gia Bot than den (Zy), Chéat chdng UV (Z,) va Chét chong Oxy ho4 (Z3) cho don phdi tron
hdn hop vat lidu Polypropylen 1a 3:3,8:0,6 (PKL), két qua t6i wu tuong tng cho kha ning khang
UV va khéng Oxy ho4 nhiét cua vat li€u 1a 95,1% va 92,9%.

bay la co s ly. thuyét dé ap dung vao don pha ché san xuat hang loat véi quy mo cong
nghiép cho san phidm 16p v ngoai cua tii mém chira nuéc phuc vu an ninh quéc phong va
dan sinh.

Tuy nhién, c6 mét khoang cach nhit dinh gilra ket qua do dac tinh toan trong phong thi
nghiém v6i Ung dung ngoai thuc té, vi thé san phdm cin duoc tiép tuc theo ddi va cai tién (néu
can) trong qua trinh str dung hién truong.
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ABSTRACT

DETERMINING THE RATIO OF ANTI-UV AND ANTI-OXIDATION ADDITIVES FOR
MIXED POLYPROPYLENE MATERIALS BY ORTHOGONAL EXPERIMENTAL
PLANNING AND MULTI-OBJECTIVE FUNCTION OPTIMIZATION

In order to increase the environmental durability of the outer shell of the flexible water
bag made from mixed polypropylene materials, anti-UV and anti-oxidation additives
including black charcoal powder, anti-UV agent and antioxidants have been used.
Determining an appropriate ratio of the above-mentioned additives is the main objective
of this study. This report presents the process of determining the ratio of additives by
orthogonal experimental planning method and multi-objective function optimization. The
obtained results have found that the optimal ratio of carbon black powder, anti-UV agent
and antioxidant by mass fraction is 3:3,8:0.6, respectively.

Keywords: Polypropylene; Black charcoal powder; Anti-UV agent; Antioxidants; Orthogonal experimental planning;
Multi-objective function optimization.
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