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Abstract

An aspartic ester was synthesized from 4,4'-methylenebis (2-methylcyclohexylamine), diethyl maleate and mono-
epoxy. The method of synthesis, properties and structure of this material has been studied and published [1]. Aspartic
ester mixed with additives to produce a 2-component polyurea coating system. Polyurea coating from aspartic ester
cured by Desmodur N 3600 undergoes accelerated tests of environmental degradation by salt-fog and Q-sun. The metal
protection capacity of the polyurea coating was evaluated through image, mechanical properties and electrochemical

impedance before and after environmental acceleration.

Keywords. Polyurea, aspartic ester, metal coating, coating protection.

1. MO PAU

Polyaspartic este mang nhom amin II va xung
quanh 13 cac nhom thé cong kénh tao hiéu ung
khong gian. Céu tao nay lam cham tdc d6 phan tng
cua cac nhdm amin véi nhom isocyanat kéo dai thoi
gian gel hoa.Polyaspartic este ¢6 cong thirc nhu sau
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Hinh 1: Cong thirc polyaspartic este

Polyaspartic este dugc tong hop bang phan tng
cong hop Michael trong d6 diamin bac nhit dugc
phan Gmg v6i dialkyl maleat tao ra diamin bac hai.
Phuong phap tong hop nay mét rt nhiéu thoi gian
phan tng dé dat 6 chuyén hoéa cao, co thé mét hang
nhiu thang dé hoan thanh. Vi vdy can dung du 1
trong 2 tac chat phan Gmg. Trong nghién ctu nay,
chung t6i Iya chon dung du amin, ty 1€ mol amin
I/Isocyanat = 1,25/2. [1]

o

Q Q C S0TTCHy _ HiCTo- Cl C ~0~"CH,
Hd C -O—CH, HyC—0- c Q Q ¢ -O—CHs
o, O

MMCA DEM Aspartic Ester A

Hinh 2: Phan tng tong hop aspartic este tir
4,4'-metylenbis(2-metylcyclohexylamin)
va dietyl maleat

Sau d6, lugng amin con du s€ dugc phan ung véi
mono epoxy nham chuyén hoa hoan toan amin bac I
thanh amin bac II [1].
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Hinh 3: Phan ting bién tinh aspartic este véi
glycidyl ete Epotec RD 123

Trong diéu kién khi hau nhiét d6i 4m nhu tai
Viét Nam, dn mon dién hoa 1a tac nhan rat 16n giy
pha hiy kim loai. Mang son polyurea tir aspartic este
dong rin voi polyisocyanate dugc biét dén nhu mot
loai son cao cép chuyén dung trong cac muc dich
bao vé kim loai chong lai sy xdm thyc clia moi
truong an mon [4-6]. V6i mot 16p mang 1y tudng
khong dan dién, khong c¢6 khuyét tat, kha nang lién
két tot voi kim loai s& dam bao khong co bit ky su
xam thyc nao ctia moi truong an mon. Tuy nhién,
trong thuc t& 16p mang hiru co van ton tai nhiing
khuyét tat, kha ning lién két voi kim loai c6 gidi
han, do d6, d6i v&i mdi loai polyme can cb nghién
ctru, danh gia vé kha ning chéng dn mon. Dung
phuong phap do do bén kéo dut, d6 bén bam dinh,
do cimg, do bén va dap mang so sanh tinh chat ciia
16p mang polyme trong moi truong dn mon voi tinh
chat polyme ban dau c6 thé giup ta danh gia kha
nang bao v¢ cua mang phu trong mdi trudng an
mon, nhu’ng nhuoc diém cua ching 1a can thoi gian
dai dé mang tiép xtc voi mdi truong thuc té, néu
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ding moi truong gia tbc an mon thi kha ning du
doan thoi gian bao vé chua chinh xac, van dé dinh
luong kha nang chong an mon chua cao [7-10].

Tong tré dién hoa 1a phuong phap dugc sir dung
dé nghién ctru dong hoc cac phan tng dién hoa xay
ra trén bé mit tiép xtic giita kim loai va moi truong
dién ly. Phép do thyc hién & che dd dong voi dai tan
sb tu cao dén thap, tai moi tan sb cho ta mot danh
gia vé qua trinh va co ché phan tmg dién hoa. Phd
téng tré thu duoc tir phép do va mé hinh so d6 mach
tuong duong s& 1y giai qua trinh xay ra trén bé mat
phan chia pha [9].

2. THUC NGHIEM
2.1. Héa chit

- Aspartic este tong hop. Theo tai liéu Tap chi
Hoéa hoc, s6 54(6el), 108-114, 2016. Aspartic este
téng hop duoc c6 duong lugng amin 300,68 g/eq.

- Desmodur N3600 — Bayer (Brrc).

- Desmophen NH 1520 — Bayer (brrc).

- Toluen, n-Butylaxetat - AR Chemical (Trung
Qudce).

- NaCl — AR Chemical (Trung Quéc).

- TiO,, BaSO,, Talc — Xilong Chemical (Trung

Qudc).
2.2. Chuén bi miu

2.2.1. Cong thirc son polyurea 2 thanh phan mau
trang tu aspartic este

Aspartic este va cac phu gia dugce nghién tron
trong may nghién bi trong 72 gid theo cong thirc nhu
sau (bang 1).

Bang 1: Bang cong thirc son polyurea tur aspartic
este 2 thanh phan mau tring

Thanh phé”m Khoi Thé tich
lugng
Aspartic este 100,00 86,96
TiO, 100,00 23,83
Phn BaSO, 76,00 17,41
A | Talc 24,00 8,80
Toluen 10,00 11,48
n-Butylaxetat 10,00 11,33
TONG | 320,00 159,81
Phan | Desmodur
B N3600 63,10 54,87
% B/A theo khoi lugng = 19,72 %
% B/A theo thé tich =34,33%
Ham luong thé tich bot trong hé son = 26,08 %

Nguyén Bdc Thanh va cong su

2.2.2. Dong ran aspartic este va Desmodur N3600
va chudn bj mdau mang polyurea

Aspartic este chua c6 phu gia duoc dong rin
voi Desmodur N3600 theo ty 1¢ duong luong
Amin/Isocyanat = 1/1,1. Hon hop déng ran dugc
khudy tron trong 3 phit truéc khi thuc hién tao
mang

Véi aspartic este da duoc nghién tron voi phu
gia, hdn hop dong rin duoc pha theo cong thirc son
duoc trinh bay & trén. Sau khi pha, hé son cling dugc
khudy tron trong 3 phut trudc khi tao mang

Tién hanh tao mang trén thép, cac mau thép
duge xir Iy bé mit bang phuwong phap co hoc, cha
nham, rira sach dau m& bang dung moi axeton, sau
d6 sdy kho. Cac miu mang polyurea dugc gia cong
bang phuong phap kéo 3 lan, d6 day mang kho cla
mdi 1an kéo khoang 60 pum, d6 day mang kho tong
dat 180 pum.

Cac mau thi nghiém dugce ky hiéu duoc trinh
bay trong bang 2.

Bang 2: Ky hiéu cic mau mang polyurea thir nghiém

Mau Ky hiéu
Mang polyurea trong tir aspartic C-AB
este tong hop
Mang polyurea tring tir aspartic W-AB
este tong hop
Mang polyurea trong tir NH 1520 C-NH1520
Mang polyurea tring tir NH 1520 | W-NH1520

2.2.3. Phurong phdp gia téc méi truong

Phuong phéap gia téc moi trudng bang suong
mudi: Ché d6 swong mudi dugce ap dung theo tiéu
chuan ASTM G 85. Cac mau mang duogc dit trong
ta swong mudi trong 500 gio. Dung dich nudc mudi
3,5 % cung cip cho budng suong mubi v6i luu
lwong 2 mL/phdt. Nhiét do budng swong mudi 1a 35
(o]

C.

Phuong phap gia tbc méi trudng bang Q-Sun:
Ché d6 moi trudong trong ti Q-Sun duoc ap dung
theo tiéu chudn ASTM G 154. Cac miu mang duoc
dat lién tyc trong tii swong mudi trong 500 gio.
Cuong do tia UV 1a 0,89 (W/mz). Thuc hién chiéu
UV 8 gid tai 60 °C va tao am 4 gio tai 50 °C tuan
hoan lién tuc.

Cac mau duoc danh gia téng tréd dién hoa duoc
ngam trong dung dich NaCl 3,5 %.

2.3. Phwong phap phén tich

Panh gia co ly tinh mang son polyurea tu
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aspartic este va Desmodur N3600 truge va sau khi
gia toc moi trudng bang bé thiét bi thir nghiém mang
ERICHSEN va may do co ly TENSILON AND
1210-A.

Danh gia tong tré dién hoa mang son polyurea tir
aspartic este va Desmodur N3600 theo thoi gian trén
thiét bi AUTO LAB PGSTAT 302N. Tan s6 do tir
0,1-100000 Hz, bién d6 dao dong dién thé 100 mV.

3. KET QUA VA THAO LUAN
3.1. Két qua tinh chit mang polyurea tir aspartjc
este va Desmodur N 3600 truéc va sau gia toc

méi trrrong bing ti swong mudi

Hinh anh mang polyurea aspartic este va

Dadnh gia kha nang bdo vé thép cua...

Desmodur N 3600 sau 500 h dugc gia tdc méi
trudng trong ti swong mudi hoan toan twong ty nhu
hinh anh mang ban dau. Mang khong co su bong
troc, an mon, hodc chuyén mau. Véi nhitng mang
polyurea dugc rach nhim tao vi tri thuén Igi cho qua
trinh &n mon phat trién, nhan thdy vét an mon chi
phat trién theo chiéu sau, khong hé lan ra phan mang
bdo vé&. Ngoai quan cla nhing miu mang thir
nghiém 500 gi¢ trong moi truong suong mudi cho
thdy ‘mang polyurea tir aspartic este c6 kha nang bao
vé ot kim loai, suong mudi da khong thé giy an
mon cho nén kim loai. Kha ning lién két gitra mang
polyurea va nén kim loai cao, vét &n mon chua pha
huy va gy bong troéc cho 16p mang bao vé.

O hinh 5, d9 bén kéo dut ciia mang polyurea tir
aspartic este va Desmodur N 3600 hau nhu twong tu

| W-ABbd W-NE1520-bd

W-AB-500n

W-NH1520-500h

W-AB-500n W-NH1520-500h

A: Mang polyurea ban ddu )
B: Mang polyurea sau 500h trong ti swong muoi
C: Mang polyurea cé rach sau 500h trong ti suong mudi

Hinh 4: Hinh anh mang polyurea tur aspartic este va Desmodur N 3600
trude va sau gia téc moi trudng bang ti suong mudi

nhu ban dau. P9 bén bi thay ddi khoang 1-3 %, day
1a mac d6 chénh 1éch rat bé, cd thé noi do bén cua
mang sau 500 gid trong swong mudi va mang ban
dau 1a twong dwong nhau. Vi thong s6 do bién dang
cling ¢6 nhan dinh tuong tu, do bién dang trudc va
sau khi gia tbc moi truong thay d6i khong dang ké.
Sau 500 gio, modun dan hdi khi chiu kéo cua mang
cling tang 1én, nhung muc d chénh 1éch ciing rat bé,
tur 2-5 %.

Nhung nhin chung, mang polyurea sau thoi gian
chlu gia tbc dn mon trong moi tru(mg suong muoi
van chua hé c6 sy giam cip dang ké nao. Ciing c6
thé thdy, tinh chat mang polyurea tir aspartic este
tong hop va thwong pham NH 1520 déu c6 tinh chat

nhu nhau (bang 3).

Két qua & bang 3 cho thiy cac thong s6 do bén
bam dinh, d6 bén udn, do cung, d6 bén va dap... cta
mang son trudéc va sau 500 gid trong modi trudng
swong mudi hiu nhu khong thay ddi.

Xét cac mau mang polyurea trong, khong bot
don, dd bam dinh, do bén udn, do bén va dap khong
suy giam, chi riéng do cimg mang c6 gidm 3-5 %, c0
thé thiy 16p mang ndy da bao vé rat tot cho nén kim
loai ¢ dudi. VOi miu mang mau tring, c6 bot don,
d¢ suy giam ciing chi khoang 3-5 %, nhu vay, mang
polyurea c6 don van dam bao kha ning bao vé kim
loai tét.

Nhu vy, sau 500 gid trong swong mudi mang
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polyurea khong thay d6i vé tinh chat va nén kim loai ~ dugc bao vé tt.

D9 bén kéo mang Polyurea trurdre va sau khi gia Bién dang kéo mang Polyurea trurére va sau khi Modulus kéo mang Polyurea trurére va sau khi
téc mdi triramg béng th swong mudi gia tdc mi truwdmg bing th swrong mudi gia téc mdi trwérng bang th swrong mudi
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Hinh 5: D6 thi so sanh dd bén kéo mang polyurea tir aspartic este va Desmodur N 3600
trude va sau gia toc moi truong bang tu swong muoi

Bdng 3: Bang so sanh tinh chét co ly mang polyurea tir aspartic este Va Desmodur N 3600
trudc va sau gia tbc moi trudng bang ti suong mudi

Tinh chét ____CAB __W-AB
Ban dau 500h A% Ban dau 500h A%
D6 bam dinh (%) 100 100 0 100 100 0
D6 bén udn (mm) 2 2 0 2 2 0
Do cao xudc mang (N) 7 7 0 10,5 10 5
Do bén va dap (kg.cm) 50 50 0 47 47 0
Tinh chit _ C-NH1520 _ W-NH1520
Ban dau 500h A% Ban dau 500h A%
D6 bam dinh (%) 100 100 0 100 100 0
D6 bén udn (mm) 2 2 0 2 2 0
Do cao xude (N) 75 75 0 11,5 11 4,54
Do bén va dap (kg.cm) 50 50 0 46 46 0

3.2. Tinh chit mang polyurea tir aspartic este vd  hién. Cau triic ciia polyurea tir aspartic este gbc 4,4'-
Desmodur N 3600 trwéc va sau gia tdc mdi  metylenebis(2-metylcyclohexylamin khéng mang
truong bing ti Q-sun nhitng nhom thé vong thom hodc ndi déi ma chi tdn
tai cac vong cyclo, cac vong cyclo nay kho bi bién
Hinh anh cta 16p mang polyurea sau 500h trong  mau trude tac kich cua UV, gilr nguyén ngoai quan
ta Q-sun van giit nguyén nhu ban diu. Mau sic cia  cua mang polyurea so v6i ban dau.
khong bi thay ddi, cac vét nit, bong troc khong xuat

- - =x—
B r -AB-5 - NH1520-5 F-AB- 'W-NH1520-500h

A: Mang Polyurea ban dau
B: Mang Polyurea sau 500h trong ta Q-sun

Hinh 6: Hinh anh mang polyurea tir aspartic este va Desmodur N 3600
trude va sau gia tbc moi truong bang ta Q-sun
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Danh gid kha nang bao vé theép cua...

D9 bén kéo mang Polyurea truréc va sau khi gia
tdc méi trrrng bang ti Q-sun

®mBan ddu @Sau500h

Bién dang kéo mang Polyurea truréc va sau khi
gia toe mdi truréng bing th Q-sun
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Hinh 7: D6 thi so sanh d6 bén kéo mang polyurea tur aspartic este va Desmodur N 3600
trude va sau gia toc moi truong bang ta Q-sun

O hinh 7, cac két qua thu dugc khi mang
polyurea chiu méi trudng swong mudi, dd bén kéo
dut, o bién dang va modun dan hdi ciing chi thay
d6i 4-5 % so vé6i ban dau.

Trong tu Q-sun, mat do nang luong cao va kéo
dai lién tuc tudn hoan cua tia UV s& tac dung truc
tiép vao 16p mang bao v€ hitu co. Néu c6 sy pha
huy, giam cap xay ra s€ tao ra cac vi tri giup cho do
4m cao trong moi truong Q-sun an mon nén kim loai
bén dudi. Noi cach khac, viéc dam bao tdt tinh chét
ban dau cua 16p mang 1a yéu t6 quan trong tién
quyét cho su bao vé kim loai trong méi truong gia

tdc moi truong b::ing td Q-sun. Nhu da nhan dinh,
mang polyurea tur aspartic este sau 500 gio trong tu
Q-sun van khong thay doi déng ké, tia UV trong thoi
gian 500 gio gia toc chua thé pha huy no.

O bang 4, cac két qua do bén udn, do cimg, do
bén va ddp ciia mang phu polyurea sau khi chiu gia
tbc 500 gio trong tu Q-sun, chi giam 4-5 %. Nhu
vay, ¢ thé xem tinh chat ban dau cua mang dugc
dam bao. Lop mang polyurea c6 kha nang chiu UV
rat tét, do do, ching dd ngin chin 4m x4m nhap va
an mon kim loai, khong lam anh hudng dén d6 bén
bam dinh giira kim loai va mang polyurea.

Bdng 4 Bang so sanh tinh chét co 1y mang polyurea tir aspartic ete va Desmodur N 3600
trude va sau gia toc moi truong bang ta Q-sun

, C-AB W-AB

Tinh chat Bandiu| 500h | A% o2 500n A%
D9 bam dinh (%) 100 100 0 97 97 0
DS bén udn (mm) 2 2 0 4 4 0
D6 cao xuac (N) 7 7 0 10,5 10 4,76
Do bén va dap (kg.cm) 50 50 0 47 47 0

C-NH1520 W-NH1520

Tinh chat Bandiu| 500h | A% o2 | 500h A%
D6 bam dinh (%) 100 100 0 99 99 0
Do bén udn (mm) 2 2 0 4 4 0
D cio xude (N) 75 75 0 115 11 4,54
Do ben va dap (kg.cm) 50 49 2,00 46 46 0

3.3. Téng tré dién héa ciia mang polyurea tir
aspartic ete va Desmodur N 3600 theo thai gian

Tir gian d6 Nyquyst, gian do Bode cuia mang va
mach dién tuong duong da chon, tinh toan dugc
tong tro Z tai tan s6 0,1 Hz va dién tro mang R, theo
thoi gian dé c6 dugc do thi hinh 10.

Ttr hinh dang coa gian do Nyquyst va Bode cua
mang polyurea (hinh 8), nhan thiy, gin nhu khong
¢ su dn mon xay ra. Tong tré ciia nhimg mau ban
déu rét cao trong khoang 109 10%° Ohm. Sau 4 tuln
ngam trong dung dich mubi 3,5 %, tong trg c6 giam
xudng, nhung mic do thay doi rat bé va con lai

khoang 10° Ohm, day van la muc téng trd rat cao,
dam bao chua xay ra qua trinh an mon kim loai.

Két qua tinh toan tong tré va dién tré mang sau 4
tudn ngam trong dung dich mubi khong giam xudng
dudi 10° Ohm. Didu nay cho thiy, mang polyurea tur
aspartic este c6 kha nang bao v€ kim loai rét tét.

Xét tong tro va dlen tré mang cua tung mau
nhan thiy, nhitng miu mang trong co téng trd va
dién tr6 mang cao hon, kha nang bao v¢ kim loai cao
hon cac miu mau trang. Khi so sanh gitra cac mau
polyurea tir aspartic este tbng hop va thuong phim
NH 1520, d&u cho thiy san phdm cta Bayer cho tinh
chat khang dn mon cao hon nhung khong nhiéu.
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Nguyén Pdc Thanh va céng su
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Hinh 8: Gian db tong tré Nyquyst va Bode ctia mang polyurea theo thoi gian trong dung dich NaCl 3,5 %
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Trong phan tir aspartic este tong hop, ta da dua vao
mono-epoxy, day c6 thé 1a nhiing diém dé tao ra cac
16 tréng cho dung dich mudi xam thuc vao bén
trong. C6 thé NH 1520 c6 céu triic va mat do chat
ché hon din dén téng tré va dién tré mang cia
ching cao hon. Tuy nhién, nhin nhan mdt cach bao
quat, mang polyurea tir aspartic este van c6 kha ning
bao v¢€ kim loai va ngan can qua trinh an mon dién
héa rat tét.

Hinh 9: So dd mach dién tuong duong ap dung
trong tinh toan tong tré' mang polyurea

T6ng tré tai f = 0,1 Hz theo théi gian clia cdc mau
mang Polyurea

N
N —4-CAB
@ W-AB

(1079 Ohm)
[=2]
(=}

<Y —&— C-NH1520

- -k - W-NH1520

Théi gian (tuan)

Pién tré mang theo thei gian clia cdc mau mang
Polyurea

—&-CAB
i@ W-AB

Rp {1049 Ohm}

—=— C-NH1520

- - - W-NH1520

50 Fo=ae ol
Z + N N Tl i T
0

1 2 3 4

Theigian (tuan)

Hinh 10: Tong tr& Z va dién tré R, cia cic mang
polyurea theo thoi gian

4. KET LUAN

Mang polyurea tir aspartic este va Desmodur
N3600 c¢ tinh chét co 1y cao, do bén kéo dat trén 40
MPa, d6 bén uon mang dén 2 mm, d6 clirmg mang dat
trén 7 N... tt ca déu dap tng rat tot yéu ciu k¥
thuat theo tleu chuan Viét Nam. Sau 500 gio chiu su
gia tbc moi trudng trong swong mudi va Q-sun, Cac
méau mang van dam bao tinh chit ban dau, khéng c6
su phdng rop, bong troc, nit giy va thay dbi mau
sdc. Chiéu theo TCVN 8789-2011, yéu cau ky thuat
ctia mot hé son bao vé két ciu thép, kha ning chiu
moi truong clia 16p mang phu polyurea dat mirc cao.
Sau 4 tuan ngam lién tuc trong mdi trudng nudc

Danh gid kha nang bao vé theép cua...

mudi 3,5 %, téng tré ctia hé va dién tré cua mang
polyurea van nam trong khoang 10°-10° Ohm, dam
bao bao vé dn mon tuyét d6i cho nén kim loai.

Céc két qua so sanh cing cho thiy, mang
polyurea tir aspartic este tong hop duoc va
Desmophen NH 1520 c6 tinh chat va kha ning bao
vé kim loai hoan toan twong duong nhau.

Loi cam on. Nhom tdac gia chdn thanh cam on So
Khoa hoc Céng nghé Thanh phé Ho Chi Minh dd tai
tro cho nghién citu ndy trong khuon kho dé tai
nghién ciru khoa hoc theo hop dong sé 83/2015/HP-
SKHC.
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