M6t s6 két qua nghién ctiu ché tao son vach dudng polyurea
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Vach son ké dwong la yéu to gép phin quan trong vio sw an toan ciia ngudi va phwrong tién khi tham gia
giao thong. Pa c6 nhiéu loai vat liéu ké dwomg méi dwge ap dung ma gin diy nhit 1a loai vit li¢u ké duwong
polyurea. Véi cac tinh ning phin quang cao, bén véi thoi gian, vat liéu ké dwong polyurea di dwoc sir
dung rong rii ¢ cac sin bay, duwong cao téc tai My, chau Au... Bai bdo giéi thiéu mét sé két qua bwéc dau
nghién ciru ché tao vit liéu ké duong polyurea véi cong thire: ty 1¢ nhya/chit déng rin (1,3/1 pkl), ham
lugng bot mau, bot don chiém 42% khdi lwgng, 10% bi phan quang, cic phu gia luu bién, phu gia phin
tan tao vt liéu son c6 tinh ning vwot troi (dd phan quang > 260 mcd/m?/lux).

Tir khoa: dp phdn quang, polyurea, vit liéu ké duong.
Chi s6 phén loai 2.5

SOME RESULTS OF THE STUDY
AND PRODUCTION OF POLYUREA
PAVEMENT MARKING PAINT

Summary

Pavement markings have an important contribution
to the safety of people and vehicles on the roads.
Many types of pavement marking materials have
been used; and recently, the polyurea material has
been used as binder in pavement marking paint.
This type of paint has high retroreflection and
high durability, so it has been widely applied at the
airports and highways in America, Europe... This
article introduces some initial results of study and
production of polyurea pavement marking paint
with the formula: binder/hardener ratio(1.3/1 pkl),
42% of pigment and filler, 10% of reflective balls,
rheological additive, and dispersive additive to
create outstanding features (retroreflection > 260
mcd/m?/lux).

Keywords: pavement marking material, polyurea,
retroreflection.
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pat van de

Vach chi din giao thong phan quang c6 vai tro
quan trong trong viéc huéng dan giao thong. Céc
vach son trén mit dudong bao gdom dudng tim soc,
duong phan chia lan dudng, danh dau khu vuc co
chudng ngai vat, noi dimg, ddu mo rong dudng,
danh dau duong di bg... Yéu cau cua son ké duong
bao gdm d6 bén, thoi gian kho va cac van dé lién
quan t61 moi truong [1, 2].

Hién nay ¢ Viét Nam, son vach dudng phan
quang h¢ dung moéi trén co s& nhya alkyd hoac
styren acrylic thuong dugc st dung trong linh vuc
giao thong. Hé son nay c6 kha nang chong rira troi
cao do ky nudc va thich hop hon véi cac tinh chit
ung dung. Tuy nhién, son tin hi¢u phan quang trén
co so nhua alkyd va dung moi khong mang lai kha
ning quan sat tot cho nguoi di dudng ca ban ngay
va ban dém so voi son tin hi¢u phan quang trén co
s& nhua nhiét ran. Son alkyd khi bi oxy hoa s€ bi
gion va din d&n khong bam dinh 1én mat duong
cling nhu cac hat thuy tinh c6 trong son. Bén canh
do, son tin hiéu phan quang hé dung moi con chira
nhiéu chat hiru co dé bay hoi (VOC) khong thich
hop cho viée str dung, van chuyén ciing nhu huy bo.



Son vach duong phan quang trén co s¢ nhya nhiét
déo ciing dang dugc st dung rong rai hién nay cho
dudng cao tdc, qubc 16, duong thanh phd va san bay.
Tuy nhién, v6i dudng cao toc, duong thanh phd va
dac biét vai duong san bay, kha nang chiu mai mon va
phan quang cta hé son nay con nhiéu van dé bét cap,
dan dén chi phi duy tu stra chita thuong xuyén kha 16n,
khong hiéu qua va chua dam bao an toan giao thong
[1,2].

Son vach dudng elastome polyurea hai thanh phan
la cong nghé méi dugc Grng dung trong linh vyc giao
thong hién nay. Son polyurea c6 mot sé dic diém gidng
nhu son polyuretan bién tinh hai thanh phan, nhung
son polyurea thuc sy 1a mot cong nghé son dic thu,
khac véi son polyuretan [3].

Son polyurea hai thanh phan duoc thi cong bang
thiét bi phun chuyén dung véi p sut cao, thoi gian
khé rat nhanh, dat dugc d6 bam dinh t6i vu. Pic diém
kho nhanh duogc gilt trong khoang rong nhiét do moi
tredng xung quanh va khong bi anh hudng boi do am.
Thoi gian khd nhanh cua loai son nay din dén thoi
gian dua san pham vao st dung nhanh chéng hon.
Son polyurea tao ra do 6n dinh mau sic, chiu mai mon
va bam dinh véi tit ca cac bé mat. Pic biét, vach ké
duong phan quang polyurea c6 d6 phan quang cao va
duy tri theo thoi gian. Vat lidu polyurea duogc khang
dinh 14 c6 tudi tho t6i 5 nam [4, 5].

Mic du d3 xuét hién & nhiéu noi trén thé gidi, nhung
son polyurea van chua duoc ung dung rong & Viét
Nam, dic biét trong linh vuc giao thong van tai. Trong
nghién ctru nay, voi muc dich [am chu cong nghé va
bude dau tim kiém tng dung son polyurea trong diéu
kién nudc ta, vat li€u ké duong trén co sd elastome
loai polyurea da duogc nghién ctru lya chon cac thanh
phan co ban nhu: ty 1¢ chat déng ran, ham luong chat
don, phu gia phan tan, phy gia luu bién, ham luong bi
thuy tinh...

Vat liéeu va phwong phap nghién ciu

Vit ligu nghién ciru: chit tao mang 13 loai nhwa
NDT1 - Desmophen cua Hang Bayer (chi sb axit: 190
mg KOH/g, d¢ nhét & 25°C: 1000 mPa.s, khdi lugng
riéng & 20°C: 1,06 g/ml); chat déng rin Desmodur
VP LS 2371 polyizocyanat/Bayer (Pirc); bot mau
titan oxit, bot vang hitu co, bdt don canxi cacbonat
va bot talc cua Trung Quéc; phu gia phan tan gdm:
phu gia phan tan DP-1 cua Hang BYK (dung dich

TAP CHI

HOAHOC ||,
ONG NGHE | IE{ \a 20 72018

ctia copolyme voi cac nhom axit, chi sb axit: 53 mg
KOH/g, khoi lugng riéng: 1,03 g/ml, ham lugng chat
khong bay hoi: 52%), phu gia phan tan DP-2 cua Hang
Cognis (mudi trung hoa ciia axit polycarbonic voi
polyamin, khdi lwong riéng: 0,88-0,90 g/cm?, chi sb
axit: 50 mg KOH/g); phu gia luu bién gébm: phu gia
luu bién FS-1 (hop chét silica c6 bé mit wa nudc cua
Hang Aerosi, bé mat riéng: 200 m?%/g, kich thudc hat
trung binh: 12 nm, ham luong SiO,: 99%), phu gia lvu
bien FS-2 cua Hang Elements (dan xuat hitu co cta
hectorit clay, dang bot min, khoéi lugng riéng: 1,8 g/
cm?); bi thuy tinh ctia Hang DPI loai I theo tiéu chuan
AASHTO M247.

Phwong phdp nghién ciru: xac dinh tinh chat cua
son theo cac chi tiéu: d§ nhot KU, d min, do phat
sang, do bén va dap, do chiu dau, do chiu mubi, do
chiu kiém, do phan quang, d0 mai mon, d§ bam dinh
theo cac phuong phap thir nghiém quy dinh trong tiéu
chuan TCVN 8787:2011.

Két qua va thao luan

Khdo sdt ty 1¢ nhwa/chit déng rin

Qua nghién ctru téng quan va cac tiéu chuan quy
dinh vé vat li¢u ké duong polyurea, nhom nghién cttu

da Iya chon cac thong sb k¥ thuat cho son vach duong
polyurea nhu sau [3-5]:

- Son ¢6 ham lugng chét ran 1a 100%.

- Ty 1& pha tron giita cac thanh phan A va thanh
phan B 1 2: 1 t6i 3:1 theo don vi thé tich.

- Ham lugng bot mau, bot don 16n hon 15%.

Ttr d6, tién hanh khao sat cac yéu té anh huong t6i
tinh chat ciia son vach duong polyurea. Str dung nhya
amin NDT1 va nhya izocyanat Desmodur VP LS 2371
dé tién hanh ché tao son polyurea. Cac thanh phan
dugc phdi tron theo cong thirc ¢ bang 1.

Bdng 1: thanh phén son polyurea diroc khao sdt

% theo khdi lwrgng
MAu 01 | Miu 02 | MAu 03

Thénh phin A

Nhyua amin NDT1 30 37 45
Bot titan oxit 15 15 12
Bot don 27 20 17
Phu gia luu bién FS-1 1 1 1
Phu gia phan tan DP-1 1 1 1
Thanh phan B

Nhua Desmodur VP LS 2371 28 28 28
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Sau d6, tao mau va tién hanh khao sat cac thudc
tinh cia son bao gém: thoi gian kho (phit), d6 mai
mon (g), 6 bam dinh va d6 phan quang. Két qua duoc
thé hién & bang 2.

Bang 2: thoi gian kho, do bam dinh, mai mon ciia mang son

Thudc tinh | Theoi gian kho | P bam dinh | P§ mai mon
(phut) (MPa) (g
Mau 01 5 3,5 0,08
Mau 02 8 3,0 0,07
Mau 03 12 4,0 0,06

Két quéa cho thay, khi ting ham lugng titan oxit thi
d6 sang cua mang son tang 1én. Cu thé, vdi 7% (theo
khéi lwong) bot titan, dd sang cua son la 60%; tiép tuc
tang 1én 13 va 18% (theo khdi lugng) thi do sang twong
ung la 76 va 80%. Tu do, lwva chon ham lugng titan oxit
trong son polyurea mau trang it nhét 13 13% theo khoi
luong. Son polyurea mau vang duge ché tao v4i cong
thuc nhu sau:

Bang 4: cong thirc son polyurea mau vang

% theo khdi lugng

Qua két qua nghién ctru, nhém nghién ctru da lya
chon loai son cé ty 1€ nhya/dong ran 1a 1,3/1 dé thuc
hién cac khao sat tiép theo.

Khio sdt anh huéng ciia bt mau téi tinh chit
clia son

Do sang cia vach ké duong cé anh huong 16n toi
kha ning nhan biét vach ké duong cua lai xe. Thong
thuong, bot mau titan oxit loai rutil dugc sir dung voi
muc dich lam tang d6 sang cua son. V&i cac hop chit
amin NDT1 va chat dong ran izocyanat, nhom nghién
clru da tién hanh ché tao miu son c6 ham lugng bot
titan oxit thay ddi: 7, 10, 13% theo khéi lwong.

Bdng 3: ché tao son theo cic ham luong titan oxit khéc nhau

Thanh phin A

Nhya amin NDT1 37
Bot titan oxit

Bot mau vang 5
Bot don 22
Phu gia luu bién FS-1 1
Phu gia phan tan DP-1 1
Thanh phin B

Nhuya Desmodur VP LS 2371 28

Két qua thir nghiém do do phat sang cua vach son
thu dugc 1a 55% va phu hop vai tiéu chuan mau vang
cua vach ké duong.

Khdo sdt anh hwéng ciia phu gia téi tinh chit ciia
son

Sau d6 ché tao mau thir va tién hanh do do sang cua
son. Két qua dugc thé hién ¢ hinh 1.
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Hinh 1: anh huong cua ham luwong titan oxit toi do phat sang ciua son
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% theo khéi lrgng
MAu01| MAu02 | MAu 03 Khao sat anh hudng cua 2 loai phu gia phan tan

Thanh phin A DP-1 va DP-2 tdi tinh chat ctia son vdi cing ham luong
Nhya amin NDT1 37 37 37 1,0% theo khoi lugng thu dugc két qua nhu bang 5.
BOt titan oxit 7 13 18 , , , , . e, o

—— Bang 5: dnh huong cua phu gia phdn tan toi tinh chat cua son
Bot don 28 22 17
Phu gia luu bién FS-1 1 1 1 Chét phén tin Ngoai quan P9 min (um)
Phy gia phén tan DP-1 1 1 1 DP-1 Son dng nhét. B& mit son binh 25
Thanh phin B thuong
Nhya Desmodur VP LS 2371 | 28 28 28 DP-2 Bé mit son xuét hién mot vai vi 30

tri nit gay nho

Két qua & bang 5 cho thiy, sir dung chit phan tan
DP-1 c¢6 tac dung phan tan bot mau va bot don tt hon
so voi chét phan tan DP-2.

Khao sat anh huéng cua phu gia luu bién FS-1 va
FS-2 ti tinh chat cua son v6i ciing ham luong 1,0%
theo khéi lwong thu duoc két qua & bang 6.

Bdng 6: tinh chdt cia son khi sir dung phu gia luu bién

Loai phu gia Kha nang chay P§ chong ling
FS-1 Son khong bi chay Son khong bi ling
FS-2 Son bi chay Bi ling nhe
Khéng st dung Son bi chay Son bi ling
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Két qua cho thay, khi st dung phuy gia luu bién FS-1,
thanh phan hop chat silica 1am ting d6 nhét cia son,
khi thi cong son, 16p son khong bi chay. Do d6, nhom
nghién ctru da liwa chon phu gia luu bién FS-1 cho son.

Khdo sat anh hwong cua bi thiy tinh téi dj phdn
quang ciia son

Dé khao sat anh huong cua bi phan quang dén do
phan quang ciia mang son, chiing t6i da ché tao son
theo cac két qua khao sat ¢ trén. Sau d6, tao mang
son va rai bi thuy tinh loai I 1én vach son theo céc
ham luong khac nhau 5, 10 va 15% so véi tong khoi
lwong son. Hinh 2 13 két qua anh chup bé mit son dé
phu bi thity tinh bang kinh hién vi dién tir quét (SEM).
Két qua cho thay, phan dién tich cua bi thily tinh tiép
xuc v6i nén son phu thudc rat 16n vao dudng kinh cia
bi thuy tinh. V6i bi thily tinh c6 dudng kinh nho hon
250 pm, bi thuy tinh chim xudng dén 3/4 dudng kinh
bi. Trong khi do, véi bi thuy tinh ¢6 dudng kinh 16n
hon 500 pm thi chi c6 1/3 duong kinh bi bi chim vao
trong nén son. Yéu cau dé bi thay tinh tao ra d6 phan
quang t6t nhat cho son va van dam bao do bén lién két
t6t voi nén son thi phan chim trong son cua bi thuy
tinh khoang 2/3. Vi nhiing bi thuy tinh ¢6 duong kinh
trong khoang 250-500 pm 1a phii hop yéu cau nay.

Két qua cho thay, khi ting ham lugng bi thuy
tinh trong son thi d6 phan quang cua vach ké duong
polyurea tang 1én va déu 16n hon 100 med/m?¥/lux. Tuy
nhién, dé dam bao d6 phan quang cua vach ké duong
theo thoi gian nén lya chon ham lugng bi rai 1én vach
ké ti thiéu 1a 10% theo khdi lwong.

Qua qua trinh nghién cuu, chung t6i xin dua ra
cong thirc tdi wu cho viéc ché tao son vach duong loai
elastome polyurea nhu bang 8.

Bang 8: thanh phan son ké duong polyurea (% khoi hrong)

Son mau tring Son mau vang

Thanh phin A

Nhya amin NDT1 37 37
BOt titan oxit 13

Bo6t mau vang -

Bot don 22 22
Phu gia lyu bién FS-1 1 1
Phu gia phén tan DP-1 1 1
Thanh phin B

Nhua izocyanat 28 28

Ddnh gid chit lwong son ké dwong logi elastome
polyurea

Nhom nghién ctru di tién hanh ché tao miu son
theo cong thirc t6i wu, sau d6 kiém tra cac tinh cht
ctua son nhu: d6 nhét, d§ min, thoi gian kho, do bam
dinh... Két qua dugc thé hién & bang 9.

Bdng 9: danh gid chat heong son vach dwong polyurea

Pon vi Yéu chu Két qua
Mau sic >Y35 Y 35
D6 6n dinh >3 8
Do nhot KU 60+80 80
Thoi gian kho phit <15 <8
D¢ phat sang:
Son tréing % >75 >76
Hinh 2+ d hSEMbA‘ . i / Son vang % >50 >55
inh 2: an. ¢ mat son phan quang polyurea Do uin - < :
2 X R ) ) . , L. Do bam dinh:
Két qua do d6 phan quang cua mang son c6 phu bi ,
5 . . N N N A1 cn 212 Nén bé tong xi mang % >90 95
thuy tinh sau khi kho hoan toan duoc thé hién ¢ bang 7. ’
Nén bé tong asphalt % >80 92
Bang 7: anh huong cua ham lwong bi thiy tinh toi do phan quang D6 chéng loang mau % <3 <3
cua vach ké dwong polyurea ) ) B mit nén
A1} N Bé mat nén khong bi P
D¢ bén va dap R R khong bi 16 qua
Ham lwgng , 16 qua méng son mang son
£ D) phan quang (med/m*/lux
(% theo khoi lugng) °p quang ( ) D§ chiu diu
5 175 D6 chiu mudi Mang son khong bi | Mang son khong
bong tréc hodc phong | bi bong troc hodc
10 260 DJ chiu nude 10p phéng rop
15 300 DG chiu kiém
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Bén canh d6, nhém nghién ctru ciing da tién hanh
thi cong thtr nghiém tai hién trudong, vach son cé do
phan quang dat trén 260 mcd/m?/lux, d6 bam dinh trén
nén dudng bé tong xi mang dat 3 MPa... Két qua cho
théy, chét luong vat li€u son dat, tham chi la vuot yéu
cau quy dinh theo TCVN 8787:2011.

Vach son polyurea (mau trdng) thir nghiém tai Tram thu phi Quéc 1§ 2
(Vinh Phiic)

Két luan

Qua nghién ctru, ché tao va thir nghiém son vach
duong polyurea, chung t6i xin rat ra mot so ket luan
sau:

- Thanh phan thich hop dé ché tao son vach duong
trén co s& elastome polyurea gdbm: nhira amin NDT]
37%, bot titan oxit 13% (son trang) va 8% (son vang),
bot mau vang hitu co 5%, bot don 22%, phu gia
phan tan DP-1 1%, phu gia luu bién FS-1 1%, nhya
izocyanat 28%, bi thuy tinh rai lén vach ké duong la
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10% theo khéi luong son.

- Son vach duong phan quang polyurea co6 thoi gian
kho nhanh (nho hon 8 phut); d6 bam dinh 16n hon 3
MPa trén nén bé tong; d6 phan quang 16n hon 260
med/m2/lux trong diéu kién tiéu chuan... phu hop sir
dung cho san bay va dudng cao toc tai Viét Nam.

Vit liéu ké duong phan quang trén co sd polyurea
dugc ché tao khong nhimg dap tng dugc cac chi tiéu
ky thuat quy dinh tai TCVN 8787: 2011 ma con cé
nhiéu wu diém vuot troi, ddc biét 1a do bam dinh véi
mat duong bé tong (3 MPa, 16n hon quy dinh 1a 1,2
MPa) va d6 mém déo cao, giit dugc bi thuy tinh nén co
d6 phan quang bén lau. Vi nhitng vu diém ctia minh,
hé vat li¢u ké duong phan quang polymer elastome
trén co s polyurea s& nang cao dugc tudi tho va kha
ning phan quang cao, gop phan trong cong tac bao
dam an toan giao thong.
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