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_KHA NANG NANG CAO DO ON BINH KiCH THUGC
CUA GO BANG SON POLYURETHANE PHAN TAN VAT LIEU NANO

Bui Vin Ai, Nguyén Duy Vwong, Hoang Trung Hiéu
Vien Khoa hoc Lam nghiép Viét Nam

TOM TAT

Son PU (polyurethane) phan tan vat li¢u TiO, kich thuéc 21nm, nho hon
100nm, va sy két hop ciia chung (TiO,) v6i 02 loai vét liéu nanoclay. Gd
keo lai va BO d& duogc phu mat bé‘mg son PU phan tan vat liéu nano duogc
danh gia kha ning gia ting 6n dinh kich thudc. Vi mang phii cho gd keo
lai, sy c6 mat cua vat li¢u nano lam giam hiéu qua gia tang 6n dinh kich

Tir khéa: On dinh kich , , L xoa
thude. son PU nano thudce 1én hon 50% so vdi mang khong phan tan vat li¢u. Trai lai, véi go Bo
son g(;) ’ dé, vat liéu nano phan tan trong mang phu lai 1am ting hiéu qua 6n dinh

kich thude, nhung mirc tdng cuc dai cling chi khoang 16%, khi ham luong
TiO, loai <100nm dugc phan tan ¢ mirc 1%. Su Kkét hop cia TiO, vai
nanoclay cho thay loai clay bién tinh con giit nguyén hodc lam ting hiéu
qua nhung khong dang ké, trong khi loai clay hydrophilic lam giam hiéu
qua ciia mang phu di mot phin. Cac két qua thu dugc cho thdy, mang phu
khi dwoc phan tan vat liéu nano ning cao khong nhiéu do 6n dinh kich
thudc gd.

Dimensional stability of wood through nanomaterials dispered
polyurethane coating

Polyurethane coating containing nanomaterials of TiO, size 21nm and
under 100nm evaluated the improvement of dimensional stability of Acacia
hybrid and Styrax tonkinensis wood. With coatings for Aacacia hybrid
wood, coatings dispered nanomaterials reduce 50% dimensional stability of
wood less than that without nanomaterials. In contrast, addition of TiO, into
polyurethane increase dimensional stability of Styrax tonkinensis wood. But
maximum value of ASE is approximately 16% happening when TiO, with
size less than 100nm added. The combination of TiO, and nanoclay in
coating only improve dimenional stability in case nanoclay modified. With
hydrophilic clay, the combination reduce this property. Almost result of this
study indicate that, polyurethane coating improve dimensional stability
limited.

Keywords: Dimensional
stability, nanocoating,
wood coating
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L. PAT VAN PE

Gd 1a vat liéu duogc lya chon st dung rong rai
trong doi séng vi d6 bén, thim my va tuong
tac cua gb voi con ngudi. Nhung gb 1a vat liéu
c6 ban chit chiu tac dong do yéu t6 4m cua
moi trudng st dung. Duéi tac dong cia d6 am
cao, mot sb loai 20, dién hinh nhu keo lai bi
truong nd nhiéu va rat nhanh, va nguoc lai
cling co rat rit manh khi d6 4m méi truong
xubng thap. Co gidn gb c6 biéu hién ra ngoai
1a su thay d6i kich thudc cua gd, va thuong
gdy ra nhiing bét loi trong qué trinh st dung.
D3 ¢ nhiéu ky thuat duoc nghién ctru dé nang
cao tinh 6n dinh kich thudc cho gd nhu bién
tinh nhiét, bién tinh hoa hoc, xt ly béng cac
hop chat khong ua nudc dé giam kha nang hip
thu am... Vi g5 keo lai va BO deé, cac ky thuat
dd duoc nghién ctru 1a bién tinh nhiét (Vu
Manh Tuong ef al., 2010; Tong Thi Phuong,
2011), hodc xtr 1y bang chuyén héa sol gel sau
khi tim sol cua silica (Nguyén Thi Bich Ngoc,
2012).

Khéng chi chiu tic dong boi d6 am khi s
dung dudi méi che, gd sir dung ngoai trdi con
chiu tac dong manh boi nhiéu yéu td khac dic
biét 1a 4nh sdng mat troi trong d6 c6 thanh
phan tia tir ngoai UV. Son phii cho gb khi sir
dung ngoai troi gin nhu 1a bit budc trong
thuc té. Dé bao vé gd khoi tac dong ciia anh
sang vung tr ngoai, son phu khong chi bén
v6i cac tac dong ciia thoi tiét ma con phai co
kha niang hip thu tia UV. Thong thudng c6
tac nhan chdéng UV nhu HALS (hindered
amine light stabilizer). Nhung hién nay, voi
su xuat hién cua vat liéu nano va gén lién véi
n6 la cong nghé nano, viéc st dung son dé
bao vé gd khoi tic dong cua cac yéu td moi
truong dac biét 1a anh sang c6 thém mot cach
tiép can méi 1a str dung mang phu duge phan
tan vat liéu nano dédc bi¢t 1a nhiing vat liéu co

tinh ning hap thu tia UV nhu TiO, va ZnO
(Mirela Vlad Cristea et al., 2010; Jayashree
Salla et al., 2012).

Bén canh chic nang hép thu tia UV, cac vat
li€u nano ¢6 mat trong son con co6 vai tro cai
thién céc tinh chat khic dic biét 1a do bén
ctia mang phu qua dé kéo dai dugc tudi tho
st dung cho son. Nén ngoai TiO; va ZnO,
cac vat liéu khac khong c6 tinh ning hap thu
tta UV nhu SiO;
nanoclay ciing duoc quan tdm trong nhiéu

kich thudéc nano va

nghién ctru gia cuong cho son (Selamawit
Mamo Fufa et al., 2012).

Son PU (polyurethane), dac biét 1a loai 02
thanh phén, la loai str dung phé bién trong
cong nghiép chat déo, ché bién gd, 6 to va may
bay. Trong cac cach tiép can dé gia cong vao
tinh nang cia son dac biét 1a cac tinh chét co
hoc va dd bén thoi tiét, cach tiép can cong
nghé nano la céch tiép can thu hat nhiéu
nghién ctru nhét hién nay (S.M. Mirabedini et
al., 2012). Cach tiép can nay dugc thyuc hi¢n
bang phén tan bén cac hat nano, chi yéu l1a cac
oxit, vao son. Cac vat liéu nano TiO,, ZnO,
Si0,... 3 duoc nghién ciru rat nhidu dé danh
gia cac yéu t6 co anh hudng 1én céc tinh chat
nay. Véi vat liéu gd, son PU phan tan vt liéu
nano méi tap trung vao danh gid dnh hudng
cua loai, ham lugng vat li€u 1én kha nang bao
vé gb khoi tac dong cua anh sang va do am
modi truong sur dung.

Muc tiéu ctuia nghién ctu nay la danh gia kha
nang cai thién 6n dinh kich thude cho gb keo
lai va Bd @ khi duoc phi mang son PU cb
phan tdn mdt s6 vat liéu nano. Két qua thu
dugc két hop voi cac két qua xac dinh tinh
ning khic nhu kha ning phong chdng con
tring, nAm mdc, chong tia UV... tao thanh b
cac tinh nang cta son.
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IL. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit li¢u gb va chuan bi cong thirc son

Mau gd Bb dé va keo lai dugc gia cong voi
kich thudc 2cmx2cm=2cm (tiép tuyénxxuyén
tamxdoc thé gb). Viéc ldy miu gb duoc thuc
hién theo tiéu chuan TCVN 8044: 2009 (ISO
3129: 1975) Go

- Phuong phap 14y miu va yéu cau chung ddi
véi cac phép thir co ly; TCVN 8048 -16: 2009.

- Xéc dinh d6 gidn no thé tich. Mau gb duoc
mai nhin & tit ca cidc mat dé dam bao cho viéc
phun son.

Son dugc st dung trong nghién ctru 1a son
nhap khau cua hing Becker Acroma, loai 02
thanh phan (phan béng va phan ctng) véi
thong tin vé thanh phan hoa hoc c6 trong mbi
phan nhu sau:

Phan béng Phan cing

0,1-1% d&u khoang
50-75% n-butyl axetat
10-25% 1-methoxy -2-
propanol axetat

50-75% etyl axetat

25-75% hexametylen
diisocyanat polyme

0,1-1% Benzotriol dipentyl
phenol

Cong thirc son duogc tao trude khi sir dung theo
ty 1€ sau: 10kg bong: 2kg ctrng: 3kg dung moi.

Céc cong thuce son co chura vat li¢u nano cling
c6 cac thanh phan nhu trén, nhung vat liu
dugc phan tan bén vao dung méi trude khi
thém phan bong va trude khi son s& thém phan
cung. Khdi luong vat liéu nano thém vao dugc
tinh toan trudc dua trén tong khdi lugng son
cudi cung cua cong thirc trude khi son.

Céc loai vat li¢u nano dugc phan tan vao son:
Ti0O; rutile kich thudc 21nm va loai <100nm:;
nanoclay ctia hang Sigma Aldrich.
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Luong st dung son dinh muc: 1kg cho dién
tich 5Sm” bé mit gd.

2.2. Quy trinh do dac va tinh toan két qua

Kich thuéc miu duoc xac dinh tai 02 diém kho
kiét va truong n¢ cuc dai, va dugc dung dé
tinh toan hé s6 truong no thé tich té)ng, va hiéu
qua chdng chuong né ASE (%) theo cac cong
thirc sau:

oy = (1tmac>< 1rmac X 1amax) - (1tmin x 1rmin X lamin) x 100
I x1 . xI

tmin rmin amin

Trong do:

- Limavs Limax, Lamax Kich thudc cua mau thu , tinh
theo milimet, khi mau truong n¢ cuc dai;

= Lonins Lomin, Lumin kich thuéc cua mau thu , tinh
theo milimet, khi mau ¢ trang thai kho kiét.

Hé s6 chéng truong né thé tich dugc tinh theo
cong thirc:

ASEv =MX100
a

vdc

Trong do: Oyge Va Oyy - tuong ung ty 1¢ dan no
thé tich 16n nhit ciia mau ddi ching va mau
xu ly.

Viéc tién hanh do chi thuc hién 1 lan do cac
qué trinh tuan hoan lién tuc anh hudng toi két
qua do d6 bén lién két caa son.

ML KET QUA VA THAO LUAN

3.1. P9 on dinh Kich thwéc cia miu dwoc
phi son phan tan vit liéu TiO; kich thwéc
duéi 100nm, va sw két hop cia né voi
nanoclay

C6 su khéac biét rat 16n trong két qua thu duoc
khi xtr Iy son PU khong c6 vat liéu phan tan
cho 02 loai gd. V6i gd keo lai, mang phii ¢6
thé giup gia tang hiéu qua chdng truong nd 1én
t6i 30% thi v6i gb B6 dé, mang phu gin nhu
khong c6 vai tro gi.
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Bang 1. Hé s chdng truong nd ciia gb duge pha son phan tan TiO, (kich thude <100nm)

keo lai B6 dé
TT Cong thirc
Qymax ASE, (%) Qvmax ASE, (%)

1 |Déi ching (mAu khong phil) 12,45 0 12,01 0
2 | PU thuan tay 8,70 30,10 11,98 0,23
3 |PU + TiO2 <100nm 1% 10,62 14,69 10,05 16,32
4 |PU + TiO2 <100nm 0,5% 10,89 12,52 10,74 10,58
5 |PU + TiO2 <100nm 0,1% 10,48 15,82 11,86 1,28
6 |PU+ TiO20,25% <100 nm + clay bién tinh 0,25% 9,59 22,98 10,25 14,68
7 |PU+ TiO; 0,5% <100 nm + clay bién tinh 0,5% 10,40 16,43 10,03 16,49

Dién bién thay doi gia tri hé s6 chéng truong
nd véi 02 loai gb ciing khac nhau. Véi gb keo
lai, khi c6 vat liéu nano phan tan vao son thi
gia tri ASE (%) c6 xu hudng giam. Két qua
thu duoc trong bang 3 cho thdy, chi véi 0,1%
vat liéu TiO, phan tan, gia tri ASE da giam
khoang 50% (15,82 so voi 30,10). Khi tang
ham lugng TiO, tr 0,1% Ién 1% thi gia tri
ASE thu dugc ciing thay d6i khong déng ké.
Mang son khi c¢6 nanoclay bién tinh bé mat
phéi hop TiO, c¢6 gia ting hiéu qua & cong
thirc 6 (thay 50% khdi lwong vat lidu TiO,
trong cong thiic 4 bang nanoclay) tir 12,52%
1én 22,98%. Nhung khi thay dbi twong tur cho
cong thirc 3 dé tao thanh cong thic 7 (tong
ham lugng vat liéu 1a 1%), thi hiéu qua hau
nhu khong thay doi.

Khac véi gb keo lai, mang phu c6 vat liéu
nano phan tan lam ting tinh On dinh kich
thuéc cho gd Bo d¢, va xu thé ting khi ting
ham lugng vét liéu nano. Thuc vay, khi ham
luong TiO, thay dbi tir 0,1% dén 1%, gia tri
ASE tang tu 1,28% 1én 16,32%. Ciling tuong
tu nhu mang phu 4p dung cho gb keo lai khi
két hop nanoclay véi vat lidu TiO,, gia tri ASE
chi gia ting voi gd BO dé & cong thic 6 nhung
murc ting khong 16n bang va gan nhu khong
thay doi & cong thirc 7.

Mot trong nhitng vai trd0 quan trong cua
nanoclay khi dua vao mang phu la tinh ky
nudc cua nd (Selamawit Mamo Fufa ef al.,
2012). Cac két qua thu dugc cho thay, vai tro
ky nudc cua nanoclay khi dua vao mang phu
khong chénh léch déng ké so véi TiO,, va
déu & muc thap. Su c6 mit cua cac loai vat
liéu nay trong son cé thé gia ting céac tinh
chét co hoc, chir khong giup mang tré nén ky
nudc hon.

3.2. P) on dinh kich thwéc cia miu dwoge
phi son phan tan vit liéu TiO; kich thudc
21nm, va sw két hop ciia né véi nanoclay

Ciling nhu mang phu phan tan véat liéu TiO,
loai kich thudc dudi 100nm, mang phu phan
tan TiO, kich thuéc 21nm cling lam gidm
manh tinh 6n dinh kich so v6i mang khong
phan tan 4p dung cho gb keo lai.

Ciing giéng nhu truong hop vat liéu c6 kich
thudc dudi 100nm, vat liéu nano kich thudc
21nm khi thém vao PU déu c6 kha ning lam
ting on dinh kich thudc cho gd Bo dé va
keo lai sau khi pha cho 2 loai gb nay. Tuy
nhién, so v6i mang phu PU thuan tay thi
loai mang phu c6 phan tan vat li¢u lam gidm
kha ning 6n dinh kich thuéc khi phii cho gd
keo lai.
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Bang 2. Hé s chdng truong nd ciia gb duge pha son phan tan TiO, (kich thudc 21 nm)

keo lai B6 dé
TT Cong thirc
Qvmax ASE, (%) avmax | ASEy (%)

1 |Dbi chirng (mAu khong phi) 12,45 0 12,01 0
2 | PU thuan tay 8,70 30,10 11,98 0,23
3 |PU+TiO221nm 0,1% 11,32 9,09 10,55 12,16
4 |PU+TiO221nm 0,5% 10,62 14,71 10,92 9,07
5 |PU+ TiO; 0,25% 21nm + clay hydrophilic 0,25% 11,31 9,15 10,94 8,88
6 |PU+ TiO20,25% 21nm + clay bién tinh 0,25% 10,55 15,22 10,86 9,58
7 | PU+clay hydrophilic 0,50% 7,48 8,18 8,60 9,44
8 |PU+clay bién tinh 0,5% 7,55 8,33 9,44 10,44

Trong khi thay do6i ham lugng TiO, 21nm tir
0,1% 1én 0,5%, thi hiéu qué cai thién 6n dinh
kich thuéc co6 xu huéng ting khi phu cho gb
keo lai, nhung lai gidm véi gS Bo dé, va su
thay doi nay khong qua 16n. Khi 50% luong
TiO, dugc thay bang vat liéu clay ¢ cac cong
thirc 5 (loai hydrophilic) va 6 (loai bién tinh),
thi d6 on dinh kich thudc gan nhu khong thay
d6i trong truong hop phu cho gé Bd dé, va chi
giam mot phan khi pha cho gd keo lai trong
truong hop vat lidu clay thay thé thudc loai
hydrophilic. So sanh véi két qua thu dugc khi
mang phu chi cé nano clay & cac cong thuc 8
va 9, mang phu TiO; chi gilr dugc hiéu qua khi
thay thé TiO, hay TiO, két hop vdi nanoclay
loai bién tinh va cling chi ding khi phai cho gb
keo lai.

So sanh két qua trong bang 1 va bang 2, & mirc
ham lugng 0,5% TiO; thi mang phu phéan tan
loai kich thuéc vung dudi/nho hon 100nm va
kich thudc 2Inm khong c6 chénh 1éch nhau
dang ké trong viéc cai thién do on dinh kich
thudc cho ca 02 loai gd. Nhung & murc 0,1%
TiO,, va véi gob B6 d&, thi mang phu loai bién
tinh gan nhu khong c6 anh hudng gi trong viéc
gia ting d6 6n dinh kich thudc (ASE 1,28%)
so v6i mang phu thuan tay, trong khi mang
phan tan loai kich thudc 21nm lai cé hi€u qua
mdc du khong 16n (ASE 12,16%).
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G keo lai va Bd dé néu dugce xir Iy khac nhu
bién tinh nhiét, hodc tim hdn hop cua silicat
va boron (Vii Manh Tuong, 2010; Tong Thi
Phuong, 2011; Nguyén Thi Bich Ngoc, 2012),
c6 thé cai thién do 6n dinh kich thuéc 1én trén
40% (ASE >40%), va khi dua vao su dung
néu dugc xur 1y trang pha bé mat thi san pham
s& twong ddi 6n dinh kich thudc, ngay ca khi
moi truong am d6 cao dién ra trong thoi gian
dai. Nhu vay, céac két qua dat dugc trong
nghién ctru ndy cho thiy can phai c6 phuong
an xur 1y khac véi 02 loai gd nay trong viéc
gia ting 6n dinh kich thuéc, chang han néu
tiép tuc sir dung phuong an phu hay xur 1y bé
mit gd bang TiO, thi co thé lya chon k¥ thuat
xtr 1y nhu cua Qingfeng Sun va dong tac gia
(Qingfeng Sun et al., 2010). Nghién ctu nay
thuc hién viéc phu mat gS cua loai Populus
ussuriensis bang TiO, theo ky thuat tam
Tetrabutyl orthotitanate, roi kich hoat chuyén
héa hinh thanh TiO, kich thuéc nm phéan bd
trén bé mat gd dudi tac dong cua chat hoat
dong bé mat, tac nhan kiém va nhiét. Két qua
khao sat sy hap thu nuéc trong thoi gian 3
thang cho thdy g& khong xur 1y hap thu hon
100% khdi lugng nudc, trong khi gd da xu 1y
chi hap thu xdp xi 20%. Su thay doi kich
thudc xuyén tdm va tiép tuyén cua gb da xu
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ly gan nhu khong dang ké, toi da 0,74%,
trong khi kich thudc gd chua xtu 1y thay doi
téi 4,75% hudng xuyén tam va trén 7%
huéng tiép tuyén.

Néu xur Iy son PU, dic biét v6i muc dich st
dung ngoai troi, thi gd can phai dugc xir Iy 6n
dinh kich thudc trudc khi phu PU. Quy trinh
nay khong chi dam bao cho gb 6n dinh trong
qua trinh str dung ma con can thiét vi c6 nhitng
két qua, chang han nhu trong cong bd cua
E. P. J. Beckers va dong tac gia (E. P. J. Beckers
et al., 1998) cho thiy su co gidn cua gb c6 anh
huong kha manh Ién hi€u qua bao v¢ cua mang
phu khi str dung gb & ngoai troi, va gb sau xu
1y 6n dinh kich thudc bing qua trinh axetyl
hoa (acetylation) dd ning cao dang ké do bén
va hiéu qua bdo v¢ ciia mang phu.

VL KET LUAN

Son polyurethane phan tan vat li¢u TiO, va
nanoclay kich thudéc nm c6 kha nang cai thién
d6 6n dinh kich thude cho g5 Bo6 dé va keo lai
nhung muc tang khong da 16n (ASE dudi
40%) dé gb sir dung on dinh trong diéu kién
am 16n voi thoi gian kéo dai.

Céac két qua thu duoc trong nghién ciu nay
cho thiy hiéu qua gia tang 6n dinh kich thudc
clia mang phu rat han ché nén voi gd sir dung
ngoai troi, chiu tac déng ciia moi trudng am
rat 16n, can phai dugc xur 1y 6n dinh kich thudc
trude khi tién hanh phu son. Viéce Iya chon qua
trinh xtr 1y on dinh kich thuéc can phai duoc
nghién ciru dé tranh anh hudng 1én chat luong
bam dinh va cac tinh chat lién quan dén chét
lugng ciia mang phu.
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