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TOM TAT

Mang son Polyurethane/Graphene nanocomposite da dugc ché tao vdi céc tilé
graphene 13 0; 0,5; 1va 1,5% vé khdi luong. Cau tric mang son dugc danh gid bang
phé hong ngoai IR, kinh hién vi dién tir quét (FESEM). Anh huéng cla nong do
graphen t6i cac tinh chdt cia mang son dugc khao sat va danh gia béi cac phuong
phap do do bam dinh, d6 bén va dap va tong tré dién hoa (EIS). Két qua cho thay
nano graphene cd kha nang tang cudng tinh chét co Iy va kha ndng bao vé chdng an
mon cho mang son polyurethane. Trong nghién ciu nay, ndng do graphene t6i uu la
1%, viéc tang ndng do nano graphene gitip cai thién tinh tinh chdt cia mang son tuy
nhién khi tang ndng do graphene qua cao (trong bdo cdo la 1,5%) thi tinh chét clia
mang bi suy giam do sy phan tan khong déu cla graphene.

Tir khéa: Mang son polyurethane, graphene, bdo vé chdng dn mon, tdng trd
dién hda (EIS).

ABSTRACT

Polyurethane/Graphene nanocomposite coating films have been fabricated
with graphene ratios of 0; 0.5; 1 and 1.5% weight. The coating structure is
evaluated by infrared spectroscopy, scanning electron microscopy (FESEM).
Investigate the effect of graphene concentration on the properties of the coating
are studied and evaluated by adhesion test, impact resistance and Electrochemical
Impedance Spectroscopy (EIS). The results show that nanographene has the
ability to enhance the mechanical properties and corrosion resistance of
polyurethane coating. In this report, the optimal graphene concentration is 1%,
increasing the concentration of nanographene improves the properties of the
coating, however, when the graphene concentration is too high (1.5% in the
report), the coating quality significantly reduced.
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1. MG PAU

Lép phd hitu co bao vé kim loai dugc st dung rong rai
trong cdng nghiép béi ching c6 kha nang ngan cach kim loai
ra khoéi méi trudng xam thuc bang I16p pht bam dinh t6t,
khéng tham va kin khit, khéng bi an mon hodc bi an mon vai
toc do yéu hon téc do an mon can bao vé, c6 d6 bén cao, dé
thi cdng va gia thanh ré. Trén thuc t€, khdng co loai mang san
nao c6 thé che chan dugc hoan toan va lugng nudc ngdm dén
bé mat kim loai luén ludn du I16n dé€ gay nén an mon [1]. Su
ngam nudc c6 thé anh hudng dén tinh chat bam dinh cda
mang son, hién tugng nay dugc Funke dinh nghia la "bam
dinh uét". Theo Funke, kha nang bam dinh uét cao gitta mang
va bé mat kim loai la tinh chat quan trong nhat cda I6p pha.
Trén thuc t&, kho c6 thé xac dinh dugc su mat bam dinh dan
dén tang an mon hay hién tuong an mon gy nén mat bam
dinh. Trong nhiing nam gan day, nhiéu loai chat don nano da
dugc st dung dé tao ra cac I6p phu polyurethane nano
composite. Viéc két hgp cac chat phu gia nano va st dung vat
liéu nano trong son polyurethane cé thé gay ra nhiing thay
dai tich cuc trong cau tric cGa polyurethane. Kha nang khang
hoéa chat an mon, dé 4m, nhiét, khang UV, chéng tham moi
trudng la cac dac tinh cai tién ctia I6p phi polyurethane nano
composite. Do d6, da cé rat nhiéu nghién cdru vé vat liéu nano
nham tao ra I6p phd nanocomposit cé hiéu suat cao véi cac
dac tinh chéng édn mon [2, 3].

Ké tur 1an dau tién dugc ché tao nam 2004 théng qua
phan tach ca hoc I16p graphite, graphene da thu hat dugc sy
cha y dang ké do su két hgp déc dao clia cac tinh chat dién
t, quang hoc va co hoc phi thudng. Ngoai cac Uing dung
tiém nang trong pin, transistor, pin mat trdi, man hinh, cam
bién va vat liéu composite, con c6 rat nhiéu su quan tam dén
Ung dung clia graphene nhu mét vat liéu pht hodc nhu moét
chét phu gia dé cai thién hiéu nang clia cac cdng nghé son
phi khac nhau. Dac biét, da cé mét s6 phuong phap ti€p can
dé phat trién cac 16p phii chéng dan mon dua trén graphene.
Tinh ky nudéc, khd nang tuong hop véil6p pht hitu ca va tinh
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chat co hoc tuyét vai clia graphene la nhing tinh chat tiém
nang cho cac I6p phi bao vé chéng an mon. Mét sé nghién
clu gan day vé I6p pha graphene dang dugc tap trung
nghién ctu va phat trién. Véi doé day vai nanomet, nano
graphene cé ty & bé mét cao, ching c6 kha nang che chan
t6t va lan truyén dé cling doc bé mat I6p phu. Chat phu gia
nano graphene |la mét lua chon hap dan bai vi ching c6 thé
cai thién dang ké tinh chat cda |6p pha trong khi tai trong
rat thap. Lop son pht c6 chda mét lugng nhd nano
graphene da cai thién dugc kha nang chéng tham nudc,
ch&ng thdm thau oxy, hydro va chéng dn mon. Hiéu qua dat
dugc théng qua viéc tang cudng tinh chat rao can va goc
ti€p xdc véi nudc ma khéng anh hudng dén qua trinh bao
dudng hoac tinh bam dinh [4]. Applied Graphene Materials
(AGM), dugc tai trg thong qua viéc niém yét trén thi trudng
chiing khoan AIM ctia Anh, da phat trién cong nghé san xuéat
c6 thé md& rong cho moét loat cac tdm graphene
nanoplateletes (A-GNPs), qua qua trinh téng hagp lién tuc. Dé
hé trg tap trung phat trién su phan tan graphene cho nganh
cong nghiép, AGM da hgp tac véi Hiép hoi Nghién cu Son
cta Anh dé thir nghiém cac |6p phl polyurethane va epoxy.
Két qua ban dau cho thay dua trén viéc thém mot lugng nho
ctia AGNP10, da cho thay nhiing cai thién vé tinh chat ca hoc
nhu chéng xudc, gidm manh ty 1& truyén hai am va nang cao
hiéu suat chéng an mon. Theo AGM thi trong th nghiém
phun muéi theo chu ki, thi can gap 3 thoi gian thi nghiém
mai c6 thé pha hay dugc I6p son nay[5]. Trong bai bao nay,
ching t6i ché tao va nghién ctu 16p phu polyurethane/
graphene nano composit bao vé chéng dn mon trén nén
thép carbon. Anh huéng ctia ham lugng nano graphene téi
tinh chat co ly va kha nang bao vé ch6ng an mon cia mang
son dugc khao sat va danh gia.
2. PHUONG PHAP VA NOI DUNG NGHIEN CUU
2.1. Héa chat

Bot graphene nanoplatelets cong nghiép 98% (Trung
Qudc); con tuyét doi ctia nha may hoa chat Buc Giang, NaCl
loai tinh khiét (Trung Quéc); dung méi xylen ky thuat (Trung
Qudc); nhuya polyurethane (PU) clia hang Bayer gom nhua
Polyol: Desmophen-A 160X, loai polyacrylat mang nhém
hydroxyl, khéi lugng phan t& khoang 1065, ham lugng
nhém OH la 1,6 £ 0,3%, dang 1dng c6 d6 nhét dong hoc &
23°C khoang 1800 + 500mPa.s, khoi lugng riéng khoang
0,98g/cm® va chat déng rdn Desmodur N75, loai
polyisocyanat mach thdng c6 khéi lugng phan ti khoang
250, ham lugng nhém NCO 16,5 + 0,3%, do nhét dong hoc &
23°C 150 £ 60mPa.s.
2.2. Phuong phéap va thiét bi

Cac tinh chat co ly: d6 bam dinh clia mang son dugc do
bang may ADHESION TESTER model 525 ctia hang Erichsen,
tai Vién Ky thuat nhiét ddi theo tiéu chuan ATSM D-4541
(bam dinh giat - pull off). D6 bén va dap clia mang son dugc
do theo tiéu chudn TCVN-2100, trén may Erichsen model 304
tai Vién Ky thuat nhiét déi.

Tinh chat bao vé chéng an mon: danh gia bai phuong
phap téng trg dién hoa dugc do trén may AUTOLAB PG30 tai

122 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - S6 5 (10/2023)

Vién Ky thuat nhiét dgi. Cac phép do dat & ché do6 quét tu

dong trong dai tan s6 tir 100kHz dén 10MHz.

Cau tric mang san: cau tric mat cat ngang cia mang son
dugc xac dinh bai kinh hién vi dién tir quét (FESEM) dugc do
trén thiét bi Hitachi S-4800 cla Hitachi, Nhat Ban tai Vién
Khoa hoc vt liéu. Phuong phap do phé héng ngoai dugc do
bang may quang phé héng ngoai - Nicolet i510, Thermo
Scientific - My tai Vién Ky thuat nhiét ddi.

2.3. Ché'tao I6p phu polyurethane/graphene nano composit
2.3.1. Ché tao dung dich son polyol/graphene
Graphene dugc nghién vai 1 lugng nho nhya polyol

trong 1 gid trudc khi dua vao mang san polyurethane. D&

khao sat anh hudng cla ti lé graphene téi tinh chat co ly va

kha nang bao vé chéng dan mon, cadc mau son polyurethane

dugc ché tao vaGi néng dé graphen tang dan la 0%, 0,5%, 1%

va 1,5%.

2.3.2. Ché tao mang son PU/Graphene

Mang san (PR1, PR2, PR3 va PR4) dugc ché tao bang cach
trén cac mau polyol chita 0; 0,5; 1 va 1,5% graphene da dugc
ché tao véi chat dong ran Desmodur N75 vdi ti |é tuong Uing
la 6/1 va dugc diéu chinh d6 nhét bang dung moi xylen.
Mang san dugc phu trén mat mau bang phuong phap tao
mang ly tdm trén thiét bi Filmfuge 1110N (Sheen, Anh) véi
téc do quay 500 vong/phut. Thoi gian quay mbi mau la 30
gidy. Chiéu day mang sau khi kho khoang 25 - 30um.

3. KET QUA THAO LUAN

3.1. Nghién cuu cdu tric chta mang polyurethane/
graphene nanocomposite

3.1.1. Hinh thdi cdu tric

P 4
IMS-NKL 2.0kV 4.9mm x20.0k SE(M)

Hinh 1. Hinh anh kinh hién vi dién t& quét (FESEM) bé mat cat ngang clia
mang son polyurethane/graphene nanocomposite vdi nong d graphene la 1%
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Hinh 1 la &nh FESEM chup mat cit cia mang son PU-
Graphene véi ti 1& la 1% trong luong (PR3). Trong mat cat
ngang clla mang son, c6 thé quan sat thdy mét phan clia cac
tdm nano graphene phan tan xen I6p trong mang
polyurethane. Cac tam graphene dan xen vao mang Iugi
polyurethane tao thanh mang Iudi polyurthane
nanocomposite véi nén la polyurethane cac cot la cac tdm
graphene, su phan b6 clia tam graphene xen I6p trong nén
polyurethane dugc minh hoa nhu hinh 2.

graphene or
-gmm modified graphene
in polymer matrix

Hinh 2. Su phén b cla cac tdm graphene trong mang polyurethane [6]

Kha ndng tuong tac (sy bam dinh) gilta tdm graphen va
mang polyurethane c6 thé gia cudng tinh chat co ly va tang
cudng khad nang che chdn ctia hé. Bay la mé hinh dé giai
thich cac co ché gia cudng va che chdn chéng tham nudc
gqua mang polyurethane nanocomposite.

3.1.2. Phé héng ngoai
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Hinh 3. Ph hdng ngoai FT-IR cila cdc mau PRO, PR1, PR2, PR3, PR4 va graphene

Hinh 3 cho thdy, vat liéu polyurethane khong thay su xuat
hién ca cac peak NCO & 2230cm™, diéu nay cho thady cac
nhém isocyanate da phan ting hoan toan véi polyol, ngoai ra
su c6 mat cla cac dao dong lién két ctia nhém N-H & 3415 -
3419cm™ va dinh peak (pic) & dao dong 1646cm™ dac trung
cho dao déng cia nhém C=0 da xac nhan sy hinh thanh cta
polyurethane theo phuong trinh phdn héa hoc [71:

R-NCO + HO-R' — R—-NH-C(=0)-NH-R’

Déi vai vat liéu graphene c6 dinh peak dao dong &
1620cm™ dugc quy cho anken (C=C) mach chinh clia cau
trdc graphene [8].

3.2. Tinh chat co ly

Két qua cho thay cac mau chia graphene déu c6 dod bén
va dap cao hon so vdi mau polyurethane khong chia
graphene. Biéu nay cho thdy nano graphene c6 kha nang gia
cudng cho mang son polyurethane. D6 bam dinh clia mang
son polyurethane chifa ham lugng graphene khac nhau ciing
dugc khao sat. Vi mang son polyurethane graphene d6 bam
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dinh clla mang dat 1,52MPa. Mang son polyurethane 0,5, 1 va
1,5% graphene c6 d6 bam dinh tuong Ung la 1,63, 1,84 va
1,61MPa. Nhu vay ham lugng graphene cé anh hudng dén do
bam dinh clia mang son polyurethane, véi ham lugng nano
graphene [a 0,5 va 1%, d6 badm dinh cGia mang tang, tuy nhién
khi ham lugng nano graphene tang cao (1,5%) thi d6 bam
dinh clia mang son polyurethane lai bj suy gidm nhe. Nguyén
nhan la do nano graphene da tao thanh mang composite véi
polyurethane, nano graphene cé vai trd gia cudng cho mang
polyurethane lam cho d6 bam dinh ctia mang tang. Tuy nhién,
khi ham lugng nano graphene >1,5% thi d6 bam dinh cta
mang polyurethane lai suy gidm vi véi ham lugng nano
graphene cao, lughg nhua polyurethane c6 thé khéng bao
boc dugc hét cac hat graphene dan dén cac hat graphene két
tu lai v&i nhau trong mang polyurethane lam cho cau tric cta
mang khong chat ché lam gidm d6 bam dinh cdla mang son.
Cling tuong ty nhu vy, mang son chifa 1% graphene c6 do
bén va dap cao hon so véi mang san polyurethane, véi mang
son chira 1,5% graphene d6 bén va dap ctia mang ciing bi suy
gidm nhe. Nhu vay, c6 thé thdy dugc rang cac tinh chat co ly
clia mang son ¢ chidia phu gia graphen déu t6t hon so véi
mang son polyurethane nguyén chat. Két qua nay ching
minh kha ndng gia cudng clia graphen d6i véi mang son
polyurethane. Cac tdm graphene c6 cdu tric nano dan xen
vao mach polyurethane lam gia tang do chat ché clla mang
va cé vai tro gia cudng cho mang.
Bang 1. Két qua do tinh chat coly

Mau Dd bam dinh (MPa) Do bén va dap (kg.cm)
PR1 1,52 180
PR2 1,63 185
PR3 1,84 190
PR4 1,61 185

3.3. Kha nang bao vé chéng dn mon

Trén hinh 4 1a phé téng tré dang Nyquist clia cdc mang
son PR1, PR2, PR3 va PR4 sau thgi gian 1 gid ngam trong
dung dich NaCl 3%. Phé téng trg danh gia kha nang ngan
cach clia mang son véi dung dich dién ly. Gia tri téng tré cla
mang son cang cao thi khd nang ngan cach cdia mang son
cang lén.
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Hinh 4. Phd tng tr& dang Nyquist cdia cdc mang son PR1, PR2, PR3 va PR4 sau
1gio ngam trong dung dich NaCl 3%.

Sau 1 gi& ngam thir nghiém, phé téng tré clia cac mau
son thu dugc cé hinh dang va gia tri téng tré khac nhau. Phé
téng trd cla mau son polyurethane nguyén chat PR1 ¢6 hinh
dang dudng thdng, diéu dé cho thay dung dich dién ly chua
ngam vao mang san, mang son co su ngan cach tot nhu mot
tu dién, diéu nay phu hgp véi tinh chat cia mang
polyurethane trong cach dién tét. DSi v6i phé téng trd cla

cac mau chua graphene PR3 va PR4 déu c6 hinh dang 1 cung.

Ph& t6ng trd c6 dang 1 cung nay dugc giai thich rang dung
dich dién ly da ngam vao mang son (qua 16 rd hoac khuyét

tat) va hinh thanh d6 dan dién ctia mang son (dién tré mang).

Gia tri téng tr& clia cac cung tron nay ciing khac nhau dac
trung cho d6 tham ctia mang son. Mau PR3 va PR4 c6 gia tri
téng trd xap xi bang nhau khoang 8.108Q.cm?2. Nhu vay d6
thdm clia mang ctia 2 mau PR3 va PR4 tuong duong nhau.
Phé téng trd clla mau PR2 ¢ hinh dang 1 cung tron va 1
dudng thang dac trung cho su tham cdia dung dich va c6 su
khuéch tan c@ia sdn phdm &n mon vao dung dich nhung
chua xdy ra su an mon kim loai.
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Hinh 5. Phd tong trd dang Nyquist cia cic mang son PR1, PR2, PR3 va PR4 sau
14 ngay ngam trong dung dich NaCl 3%.

Hinh 5 Ia phé téng tré dang Nyquist clla cdc mang son
PR1, PR2, PR3 va PR4 sau 14 ngay ngam trong dung dich
NaCl 3%. Sau 14 ngay ngam trong dung dich NaCl 3%, ph&
téng trd cha cdc mang son co su thay ddi. Phé téng tré cla
méau PR1 da hinh thanh 2 cung ré rang, cung th nhat dac
trung cho gia tri dién tr&d clla mang son va cung thd hai dac
trung cho qua trinh an mon trén bé mat thép. Mac du giai
doan d4u (sau 1 gid), mau PR1 thé hién kha ndng ngan cach
t6t nhat nhung sau 14 ngay dung dich dién ly da ngdm qua
mang san va gay ra sy an mon. Dung dich dién ly da ngdm
gua mang son va gay ra sy an mon do mang son da hinh
thanh cac khuyét tat (16) cac dién tir khuéch tan qua mang
vao dung dich (st tan bi hoa tan vao trong dung dich dién
ly theo phuong trinh: Fe — Fe?* + 2e).

Phd téng trd cla mau son PR3 chita 1% graphene van c6
hinh dang 1 cung vdi gia trj téng tré 8.10’Q.cm?, gidm 10 lan
0 V@i gia tri téng trd do dugc sau 4 gid ngam trong dung
dich. Diéu nay cho thay rang sau 14 ngay ngam trong dung
dich NaCl 3% mang PR3 c6 bi ngdm nhiéu hon nhung chua
c6 su khuéch tan cac dién tr vao trong dung dich. Diéu nay
c6 thé 1a do mau PR3 c6 cac tdm graphen c6 cau tric xen 16p
va phan b6 déu dan hon so vai mau PR2 va PR4, can trd dung
dich dién ly thdam qua mang dén bé mat kim loai.

Phé téng tré clla mang son PR2 va PR4 c6 dang 1 cung, va
1 dudng thdng, cung thi nhat & viing tan s6 cao dac trung
cho gi4 tri dién trd cla mang son va doan thang & viing tan s
thap dac trung cho kha nang khuéch tan cta dung dich dién
ly qua mang son. Hai mang son nay cho thay kha nang ngan
cach véi dung dich dién ly van t6t hon so vGi mang son khéng
chira graphene PR1. Biéu nay dugc giai thich la do kha nang
che chan clia cac tdm graphene, can trg su khuéch tan cta
dung dich dién ly qua mang son. D6i v6i mang son PR2 c6 ti
I& graphen thap nén phan bé trong nén polyurethane véi cau
trac chua chat ché, tam graphene gdép phan gia tang su che
chan. Mau PR4 cling ¢6 su che chan clia cac tam graphen, tuy
nhién trong trudng hgp nay gia tri dién trd mang lai gidm hon
so vGi mau PR3 ¢6 thé 1a do cac khuyét tat hinh thanh do su
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co cum cac tdm graphene khi ndng d6 graphene cao vuot qua
gidi han phan bé vai nén polyurethane gay ra.

PRI PR2
Fon.
ks
PR3 N\ " PR4 4
¥ LR
'S ) ﬁ,

Hinh 6. Bé m3t mau sau 120 ngay ngam thi nghiém trong dung NaCl 3%

Th nghiém ngam trong dung dich dién ly 3% van tiép
tuc dugc theo dodi va danh gid quan sat kha nang an mon ctia
dung dich dién ly theo thdi gian. Trén hinh 6 1a bé mat mau
sau 120 ngay ngam th{r nghiém trong dung dich NaCl 3%. §
mau PR1 ta thdy bé mat mau bi gi hoan toan, chiing t6 dung
dich dién ly da ngam hoan toan qua I&p pht va an mon toan
b6 nén thép.

D6 v6i cdc mau PR2, PR3, PR4 c6 chia phu gia, bé mat
cac mau déu co xuat hién vét gi nhung it hon rat nhiéu so
vGi mau PR1, chiing té dung dich dién ly c6 ngdm qua nhung
cham hon. Mang son trén bé mat cac mau trén van c6 dé
bam dinh tot, tuy c6 phong rop quanh vét gi nhung khong
bong tréc hoan toan nhu mau PR1.

Trong 3 mau chida phu gia graphene, mau PR4 vai 1,5%
graphene cé bé mat bi gi va phong rop la cao nhat (kha nang
chéng dn mon kém nhat), ti€p dén la mau PR2 chua 0,5%
graphene, cudi cuing la mau PR3 c6 kha nang chéng an mon
t6t nhat véi it vét gi va phong. Nguyén nhan clia su khéc biét
gilra cdc mau la do ti 1é graphene c6 thé phan bé déng déu
trong mang polyurethane, tir d6 hinh thanh mang luéi can
tré chat dién ly ngdm qua mang son, lam cham qua trinh an
mon. Cac két qua quan sat dugc ti hinh anh sau 120 ngay
ngam trong dung dich dién ly cing hoan toan phu hgp véi
két qua thu dugc tir phép do tng tré.

Nhu vay, ti 1& 1% graphene la ti |é t6i uu nhat trong cac ti
|é dugc khao sat trong mang son polyurethane. Véi ty 1€ la
1%, graphene phan tan dong déu nhat trong mang son
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polyurethane tao ra mang lugi bao vé che chan tét. Tuy
nhién, khi ti 1& graphene cao hon c6 thé da dan dén su co
cum tao nén cac khuyét tat trong mang san. Nhiing khuyét
tat dé la con dudng cho dung dich dién ly thdm qua mang
son dan dén sy an mon kim loai.

4, KET LUAN

Da nghién ciu ché tao dugc mang polyurethane/
graphene co cau truc nanocoposite dang xen |6p va khao sat
tinh chat co ly, kha nang bao vé chéng dn mon ctia chiing. Véi
ti 1& graphene la 1%, tinh chét co ly cla mang son dat gia tri
cao nhat tuong ting vai d6 bam dinh 1,84MPa va d6 bén va
dap 190kg.cm. Bong thai ti 1& nay cling tuong ting véi kha
nang che chan bao vé chéng an mon clla mang son
polyurethane/graphene t6t nhat so véi cac mau da khao sat.
Nhu vay, 1% graphene c6 kha nang phan tan xen 16p déu dan
¢6 kha nang gia cudng cac tinh chat co ly va kha nang bao vé
chéng an mon cho mang son polyurethane.
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