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NGHIEN CUPU ANH HUONG CHIEU DAY MANG SON KHO
PEN TiNH NANG CHONG AN MON KET CAU THEP CUA
HE SON EPOXY GIAU KEM - POLYURETHANE
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Viéen KHCN Xay dung

GS.TSKH. NGUYEN MINH TUYEN
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Toém tat: Bai bao gidi thiéu két qua nghién ctru dnh hudng chiéu day mang son khé dén tinh ndng chéng &n
mon két cau thép cua hé son epoxy giau kém - polyurethane theo phuong phép quy hoach thuc nghiém.
1. Pat van dé

An mon két cAu thép |a hién twong phd bién va |a nguy@n nhan chd yéu gay hw hdng két cdu va lam giam
dang ké tudi tho cac cong trinh xay dwng & ving bién.

Tinh trang &n mon va hw hdng céc cong trinh thép 1a nghiém trong va & murc bao déng. Téc dd &n mon lam
hw héng cong trinh dién ra kha nhanh. M6t trong nhirng bién phap chdng &n mon hiéu quéa la son pha. Céac két
quéa nghién ctru cling chi ra rang chiéu day mang son cé anh huéng quan trong dén tinh nang chéng &n mon
ctia hé son. Méi hé son cé mét chiéu day téi wu can nghién clru d& dam bao kha nang chéng &n mon cho két
clu thép. Trong bai bao nay, nghién ciu dnh hwéng chiéu day mang son khod cia hé son epoxy giau kém -
polyurethane vé&i ham muc tiéu 1a d6 bén nhiét &m, dd bén mu mudi, d6 thdm ion clo va kha ndng chéng &n
mon.

2. Phwong phap nghién ciru va thte nghiém
2.1 Phwong phap quy hoach thwe nghiém

Phwong trinh hdi quy ham muc tiéu y phu thudc vao céc bién ma c6 dang:

y = by + Xy + baXo + byXg + bsX 3 2+ 06X, 2+ X5 2+ bgXyXa + DXy X + bioXoXs + byiX;XoXs

Trong dé: y — Ham muc tiéu;
b, — Cac hé s6 cla phwong trinh hoi quy thwe nghiém, j =1..11;
X1, X3, X3 — c&c bién ma twong (rng cla cac nhan t6 anh huwéng.
Trong d6 X; la l&p son I6t, X, la I&p son trung gian, X3 la |&p son pha.
S6 thi nghiém: N = 25 + 2k + m.
K 1a sb nhan t6 quy hoach: k = 3.
m |a s6 thi nghiém l&p tai tam ké hoach: m = 5.
S6 lwong thi nghiém 1a N=2%+2.3+5=19.
Diém ndm trén truc toa dd o = JK = \/§: 1,73.
Bactwdolap f=m-1=5-1=4,
2.2 Céc tiéu chudn ther nghiém
- D6 bén nhiét 4m theo tiéu chudn TCXDVN 341 : 2005;

- b6 bén mu muéi theo tiéu chuan ISO 7253;
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- D6 thadm ion clo theo tiéu chudn ASTM A943;
- Kha n&ng chéng an mon cla hé son 1ISO 14993.
2.3 Khoang quy hoach thwc nghiém

Tiéu chudn 1SO 12944 dé xuét rat nhiéu hé son dé cho nha thiét ké tham khao, Iwa chon (rng v&i cac tiéu
chi khac nhau cho truéc, dé tai chon son Atex clia Han Quéc dé nghién ctru tinh ndng chéng an mon cho két
clu thép trong diéu kién khi quyén bién Viét Nam. Khodng bién thién cla cac bién trong quy hoach thuc
nghiém nhw sau:

- Lop son 16t epoxy giau kém chiéu day L = 120 -160(um), thay thé tai tam la L°= 140 um, AL = 11,76 um;

- L&p son trung gian epoxy chiéu day T =100 — 140(um), thay thé tai tam | T° = 120 um, AT = 11,76 pm;

- L&p son phi polyurethane chiéu day P = 80 -100(um), thay thé tai tam 1a P = 90 um, AP = 5,88 pm. Cong
thirc chuyén tr bién thwc sang bién ma:
(o L-L°_L-140  T-T° T-120 _P-P°_P-90
AL 11,76 T YT AT 11,76 T 0T AP 588
3. Céc két qua nghién ctru

(€

Bang 1. Ma tran va két qua quy hoach thuc nghiém

- Bien m& Bien thwc (rﬂ]l\rl;iaét (’\r/lnliflj [CI7.10° z_m
am), muoi), mol/l mon),
X1 X2 X3 L T P gior gi®r chu ky
1 1 1 1 152 132 96 835 940 0,0046 75
2 -1 1 1 128 132 96 718 734 0,0066 67
3 1 -1 1 152 108 96 791 863 0,0078 72
4 -1 -1 1 128 108 96 762 812 0,0090 70
5 1 1 -1 152 132 84 718 734 0,0042 67
6 -1 1 -1 128 132 84 630 580 0,0069 62
7 1 -1 -1 152 108 84 718 734 0,0055 67
8 -1 -1 -1 128 108 84 630 580 0,0086 62
9 0 0 0 140 120 90 776 837 0,0074 71
10 \/§ 0 0 160 120 90 791 863 0,0043 72
11 - \/§ 0 0 120 120 90 659 632 0,0087 64
12 0 \/§ 0 140 140 90 806 889 0,0040 73
13 0 - \/§ 0 140 100 90 732 760 0,0077 68
14 0 0 \/§ 140 120 100 835 940 0,0059 75
15 0 0 - \/§ 140 120 80 630 580 0,0063 62
16 0 0 0 140 120 90 791 863 0,0079 72
17 0 0 0 140 120 90 776 837 0,0078 71
18 0 0 0 140 120 90 776 837 0,0075 71
19 0 0 0 140 120 90 791 863 0,0077 72

Trong dé tai s dung phan mém Maple10.0 dé tim cac hé s, sau khi loai bd cac hé sb vo nghia va kiém
tra tinh twong hop [1] ta dwoc cac phwong trinh hdi quy .

3.1 Anh hwéng chiéu day mang son dén dé bén nhiét 4m
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Phwong trinh héi quy do bén nhiét 4m:

NA = 782,16 +39,35X, +9,06X, + 54,67Xs — 22,27X 1 * - 7,75X , 2~ 19,77X ; * + 11X, X, +11X; XX

@)

Pé vé bé mat biéu hién va dwong ddng mirc, ta cd dinh 1 bién. Trong khodng bién ma tr -1 dén +1,
phwong trinh (2) c¢6 nhiéu diém cuc tri. Qua khao sat, cac tac gia thdy rang tai X, = -1(T = 108 um) phwong

trinh NA dat cwc dai.
NA = 765,35 +28,35X, + 54,67Xs—22,27X 1 © -19,77X 5 > -11X; X3
Tim diém cyc dai:
NA'(X;) = 28,35 44,54X -11X5 = 0
NA'(Xs) = 54,67-39,54X ;-11X; = 0
Giai hé trén ta duwoc: X;=0,32; X3= 1,29, => NAa = 805,22 (gi®)

Thay vao céc cong thirc (1) ta dwoc chiéu day cac 16p son: L= 143,8 pm; T=108 pym; P= 97,6 um.
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Hinh 1. Bé mat biéu hién va dwong dong murc cta dé bén nhiét &m theo bién ma (X, =L, Xo=-1, Xa = P)

®)

Nhan xét: Khi cb dinh chiéu day I&p son trung gian trong khoang 100 — 140(um), trén bé mat biéu
hién ta thay: tdng chiéu day cac I&p son 16t trong khoang 120 - 160(um), tang son phd trong khodng 80 -
100(um) thi @6 bén nhiét &m hé son ting. Anh hwdng dén ting d6 bén nhiét &m nhiéu nhét 1a son pha
polyurethane. Diéu nay hoan toan phu hop véi két qua nghién cteu [2] khi cho rang polyurethane cé kha
nang chéng &n mon rat cao trong nhiéu mai trudng. D bén nhiét dm dat cwc dai 805,22 (gi®’) khi chiéu

day L =143,8 um, T =108 um va P = 97,6 um.

3.2 Anh hwéng chiéu day mang son dén dé bén mi muéi

Phwong trinh héi quy do b&n ma mubi:

MM = 847,7+68,97X,+15,72X,+96,08X3—-39,15X 1 > -13,74X , *-34,97X 5 > + 19,37X;X,+19,375X, X, Xs

4

Qué trinh tim cwe tri cling nhw phwong trinh nhiét Am, khi chiéu day I6p pht P=84 pum (X3=-1) thi phwong

trinh (4) dat gia tri cyc dai.
MM=716,65+68,97X, +15,72X,— 39,15X > - 13,74X, > - 0,005X; X,
Tim diém cyc dai:
MM'(X,) = 68,97 — 78,3X ;-0,005X, =0
MM'’(X,) = 15,72-27,48X,-0,005X,=0

Giai hé trén ta dwoc: X;=0,88; X,=0,57=> MM5=755,4 (gi®)
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Thay vao céc cong thirc (1) ta dwoc chiéu day cac I16p son: L= 150,3 pm; T=126,7 um; P= 84 pm.
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Hinh 2. Bé mat biéu hién va dudng déng mirc cta dé bén mu mudi theo bién ma (X1= L, Xo = T, Xz = -1)

Nhan xét: Khi cb dinh chiéu day I&p son phi trong khoang 80 - 100(um), trén bé mat biéu hién ta thay: tang
chiéu day cac 16p son 16t trong khodng 120 - 160(um), tang son trung gian trong khoang 100 -140(um) thi do
bén mu mubi hé son tang. Anh hudng dén ting dd bén mu mubi nhiéu nhat la son 16t epoxy giau kém. D6 bén
m0 mudi dat cwe dai 755,4 (gi®) khi chiéu day L = 150,3 pm, T = 126,7 um va P = 84 um.

3.3 Anh hwéng chiéu day mang son dén dé tham ion clo
Phwong trinh hdi quy d6 thdm ion clo:

[CLT=0,0077-0,0012X;—-0,0011X,—0,0003X ¢ 2 -0,0005X, 2 -0,00043X 2 +0,000325 X;X3 —0,000325 X,X3 (6)

Twong tw nhw do bén nhiét 4m va do bén ma mudi, gia tri cuc dai dat dwoc khi chidu day L = 128 um (X, = -1):
[CLT = 0,0086 — 0,0011X, - 0,0005X , * - 0,00043X 5 2 - 0,000325X5 — 0,000325 X,X @

[CLT(X,) = -0,0011— 0,001X, - 0,000325X; = 0

[CLT/(Xs) = - 0,000325 - 0,00086Xs - 0,000325X, = 0

Giai hé trén ta dwoc: X, =-1,1; X3= 0,04 => [CL]nax= 0,00919 (10'3 molll).

Thay vao céc cong thirc (1) ta dwoc chiéu day cac 1ép son: L = 128 pm; T = 107,0 pm; P = 90,2 pm.
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Hinh 3. Bé mat biéu hién va duéng déng mirc clia dd thdm ion clo theo bién ma (X1 = -1, X2 = T, Xs=P)

Nhan xét: Khi c dinh chiéu day I&p son 16t trong khoang 120 - 160(um), trén bé mét biéu hién ta
thay: gidm chiéu day cac I&p son trung gian trong khoang 100 — 140(um), gidm son phi trong khoang 80
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- 100(um) thi @6 thdm ion clo hé son ting. Tinh thAm b&ng khuéch tan rat d&c trwng ddi véi cac vat liéu
polymer. Khi mang son I&p phi va trung gian da day, quéa trinh khuéch tan ion clo cé dac tinh tat dan, vi
thé tac dung xam thyc cua ion clo bj giam xudng khi dén 1&p son trung gian epoxy. D6 thadm ion clo qua
mang son dat cwc dai 0,00919 (10 mol/l) khi chidu day L = 128 pm, T = 107,0 um va P = 90,2 pm.

3.4 Anh hwéng chiéu day mang son dén kha ndng chéng d&n mon

Phwong trinh hdi quy kha nang chéng &n mon cla hé son:

AM = 71,4 + 2,42X; + 0,61X, + 3,5Xg— 1,4X 1 >~ 055X, * - 1,2X ; * + 0,75X; Xz + 0,75X, X, X5 )

Kha nang chéng &n mon dat cwc dai tai X,=0:
AM = 71,4 + 0,61X,+ 3,5X5- 0,55X , 2~ 1,2X ©)

Tim diém cyc dai:

AM'(X,) =0,61—1,1X,=0

AM’(X3) = 3,5-2,4X3=0
Giai hé trén ta dwoc: X, =0,55; X3= 1,45 => AM o= 74,12 (chu ky).
Thay vao céc cong thirc (1) ta dwoc chiéu day cac 1ép son: L = 140um; T = 126,5um; P = 98,5um.
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Hinh 4. Bé mat biéu hién va duéng déng mirc kha ndng chéng &n mon theo bién ma (Xa=0, X2 =T, Xs=P)

Nhan xét: Khi ¢ dinh chiéu day I&p son 16t, néu tang chiéu day Iép son trung gian T = 100 - 140 pm, I&p
son phi P = 80 - 100 um thi kha nang chéng &n mon ctia hé son tdng. Anh hudng I&n nhat dén kha nang nay
la chiéu day 1&p son phi. Khi chiéu day L = 140 pm (X, = 0), ta c6 diém cuc tri v& kha nang chéng &n mon cla
hé son AMpax= 74,12 (chu ky), chiéu day céc I&p son: L = 140 pm; T = 113,5um; P = 81,5um.

Bang 2. Téng hop két qua chidu day mang son téi uu

STT Chi tidu NC Chiu day Lop l6t, L (um) L&p trung gian, T(um) Lg?uﬁ)u,
1 Do bén nhiét dm 143,8 108 97,6
2 D6 bén mu mudi 150,3 126,7 84
3 Do tham ion clo 128 107,0 90,2
4 Kha nang chéng &n mon 140 126,5 98,5
5 Thoa man (1, 2, 3, 4) 128-150 107-127 84-99
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4. Két luan

Nghién ctu chiéu day mang son trong khoang quy hoach L = 120-160(um), T = 100 — 140(um) va P = 80 -
100(um) rat ra mot sé két luan sau:

- Anh hwéng clia chiéu day mang son khd dén mét sb tinh nang chéng &n mon cliia hé son epoxy giau kém
- polyurethane 1a rd rét. Cu thé, khi ting chiéu day mang son cla cac I&p son I6t, son trung gian, son pha thi
dd bén nhiét &m, d6 bén néng lanh cla mang son déu tang. Khi tang chiéu day mang son, kha nang chéng
thdm ion clo clia mang son téng lén (lwong ion clo thAm qua mang son giam di);

- V&i mbi chi tiéu nghién cru, ta déu tim dwoc cac diém cuc tri. Tai mot sbé diém bién ta tim dwoc cac gia tri

cwe dai ma tai d6 chiéu day cla cac |ép mang son 1a Ién nhat dbi véi do bén nhiét Am, d6 bén noéng lanh va
nho nhat dbi vai dé tham ion clo;

- Tlr bang 2, c6 thé dung hé son epoxy giau kém - polyurethane chéng &n mon két cAu thép tét nhat voi
chiéu day céac I&p son nhw sau: Lép 16t 128 - 150 pm, 16'p trung gian 107 - 127 um va I&p phd 84 - 99 pm.
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