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TOM TAT

Bién tinh 1a mot trong nhiing giai phap hitu hiéu nhim cai thién chét luong cua keo. Trong do, cho thém PVA -
polyvinyl alcohol trong qua trinh tong hop keo UF (urea formaldehyde) 1a mot trong nhing giai phap khong
nhimg co thé cai thién mot sd chi tiéu chat luong ctia keo ma con ¢6 thé lam giam ham lugng formaldehyde du
trong keo. Nghién ctru nay di tién hanh tong hop keo UF bién tinh bang PVA véi cac thong sb cong nghé khac
nhau gém: lugng ding PVA va ti 1¢ mol formaldehyde va urea trong giai doan phan tmg cong (F:U1). Ddng thoi
tién hanh xac dinh ham lugng kho, thoi gian dong ran va ham lugng formaldehyde du trong keo & cac ché d¢ thi
nghiém khac nhau. Két qua nghién ciru cho thay, cac tinh chat ciia keo UF bién tinh ¢6 xu huéng thay dbi tbt hon
khi lwrgng PVA tang lén. Keo UF tao ra c6 luong formaldehyde du trong keo nho hon 0,8%, dap ung yéu cau keo
dan theo Quy chuan Viét Nam hién hanh. Lugng PVA khong nén vuot qua 2,5% so vdi lugng urea trong hén
hop ban dau. Ti 16 mol F:U1 trong giai doan phan Gmg cong c6 anh huong rat lon dén céc tinh chét cua cua keo
UF. Khi ti 16 mol F:U1 ting 1én, cac tinh chit ciia keo ciing c6 hudng bién déi tét 1én. Tuy nhién, khong nén st

dung ty 1¢ F:U1 16n hon 2,0 & giai doan dau, vi s& lam cho ham lugng kho cua keo giam xudng.
Tir khéa: Ham lwong khé, keo UF bién tinh, PVA, thoi gian déng rin.

1. PAT VAN PE

Keo urea formaldehyde (UF) v6i wu diém nhu:

ngudn nguyén lidu sir dung dé san xuat phong
pht, gia ré, cong nghé tong hop don gian va
cuong do dan dinh cao nén da dugc st dung voi
s6 luong rat 16n trong nén cong nghiép san xuét
véan nhan tao. Mdi nim c6 hang triéu m* van nhan
tao duoc san xuit tir keo UF (Ferra, 2010). Tuy
nhién, trong thanh phan keo UF chia
formaldehyde — mot hop chét c6 thé gy ung thu
cho con ngudi (IARC, 2004) va nd co thé phat
thai tir van nhan tao ngay & diéu kién thuong.
Dé cai thién chét luong keo UF, cu thé 1a
giam ham luong formaldehyde du trong keo ma
van dam bao duoc mot sb chi tiéu co ban khac
thi viéc bién tinh keo 14 giai phap phu hop. Da
c6 nhiéu nghién ctru dwa ra cac giai phap xur 1y,
trong d6 bién tinh keo bang cac hop chét hiru co
la mot trong nhitng giai phép hiéu qua (Xiao-
huan, Gui-hua et al., 2010; Pizzi and Mittal,
2011). Nam 2013, He Yasan va cOng su da
nghién ctru bién tinh keo UF bang melamine &
nhiét d6 thdp va méi trudng axit yéu, da tao ra
dugc keo MUF (melamine urea formaldehyde)
c6 kha nang chiu nudéc va ham luong
formaldehyde thip (Ya-san and Xi et al., 2013).
Ngoai sir dung melamine dé bién tinh keo UF,
dd c6 mot sd cong trinh nghién ciru tong hop
keo UF bién tinh bang PVA va ciing cho hiéu
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qua bién tinh t&t (Yuan-yue, 2000; Ya-san and
Li-dan, 2012). Sir dung keo UF bién tinh bang
PVA c6 thé san xuét duoc van dan dat chét
lugng twong duong véi loai van dan loai II theo
tiéu chuan van dan phé thong cua Trung Quéc
(Xin-an and Su, 2011).

Polyvinyl alcohol (PVA) 1a mét trong sé it
cac polyme c6 thé hoa tan trong nudc, chua
nhiéu nhom (-OH) va c¢6 kha ning phan hity sinh
hoc. Do hoat tinh cao cia cac nhom chirc
hydroxyl, phan trng ciia PVA vdi cac aldehyde,
isocyanate, anhydrite... c6 thé dé& dang xay ra
(U.H. Hossain, 2014). M6t s6 nghién ctru ciing
cho biét PVA c6 kha ning lam tang tinh déo cta
keo UF (Y. Zhang, 2015; Liu, Yuan et al., 2018).

Trong nghién ctru nay, PVA duogc st dung dé
bién tinh keo UF nham lam giam ham luong
formaldehyde tu do, v6i cac thong sb thay doi
gom: luong st dung PVA va ti 1& mol giita
formaldehye va urea (ti 1€ F:U1) trong qua trinh
phan mg & giai doan dau (giai doan phan ung
cong); dong thoi tién hanh danh gia sy thay ddi
cac tinh chit keo UF bién tinh gdm: ham luong
kho, thoi gian déng rin va ham luong
formaldehyde du trong keo, lam co s& cho céc
nghién ctru tiép theo dé xac dinh théng sé cong
nghé tong hop keo UF bién tinh bang PVA phu
hop nhét, dép tng yéu ciu keo dan dung trong
san xuit van dan thong dung.
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2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

- Urea 98% - (NH2).CO;

- Formaldehyde 37% - HCHO;

- Polyvinyl alcohol (PVOH, PVA), PVA-
1799 - [CHCH(OH)]J», d6 polyme la 1700, do
tinh khiét 99%.

2.2. Thiét bi va dung cu

- Thiét bi tong hop keo diéu khién ty dong tu
ché tao (hinh 1) (gdm 2 dau do kim loai xac dinh
chinh xé&c nhiét do trong va ngoai dung dich keo

trong qua trinh téng hop, gié tri nhiét hién thi
trén may tinh);

- Binh ba c¢6 1000 mL;

- Can phan tich TX-4202L, hang Shimadzu
(Nhat);

- May do pH: H198127, chau Au;

- Céc thuy tinh, diia thuy tinh;

- Ta siy thi nghiém: Memmert, UM400
(Puc), cac thi nghiém duoc tién hanh tai Phong
thi nghiém trung tdm cua Vién Cong nghiép gb
va Noi that — Truong Pai hoc Lam nghiép.

Hinh 1. Thiét bi diéu khién tong hop keo tu dong két ndi may tinh

2.3. Phwong phap nghién ciru
a. Tong hop keo UF bién tinh bang PVA
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Hinh 2. So' d6 qua trinh tong hop keo UF bién tinh bang PVA
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Mo ta quy trinh:

BO: Cho F vao binh 3 ¢d, dung NaOH 20%
diéu chinh pH 1én 8,5 - 9,0; cho Ul vao, ting
nhiét 1én 40°C.

B1: Duy tri nhiét d6 40°C, khudy déu trong
10 phut.

B2: Cho PVA vao, tang nhié¢t 1én 60°C
(1°C/min).

B3: Duy tri nhiét d6 60°C, khudy déu trong
15 phut.

B4: Tang nhiét 1én 90 - 92°C (2°C/min), duy
tri trong 1h.

B5: Cho U2 vao, duy tri nhiét 46 15 phut.

B6: Piéu chinh pH xuéng 5,0 - 5,5, kiém tra
diém cudi (xuét hién van duyc tring).

B7: Khi dat diém cubi, diéu chinh pH 1én
7,0 - 8,0.

B8: Cho U3 vio, phan ting tiép trong 20 phit

B9: Piéu chinh pH xudng 6,0 - 6,5, liy keo
ra do do nhot béng may, khi d§ nhot dat 190
mPa.s thi dirng gia nhiét.

B10: Diéu chinh pH = 8,0, giam nhiét, lay
keo ra.

Trong do:

F — Formaldehyde (Formalin);

U — Urea téng;

Ul — Urea cho viao lan 1 thay d6i dé nghién
cuu anh hudng;

U2 — Urea cho vao lan 2 tuong duong 30%
tong s6 mol cua U;

U3 — Urea cho vao lan 3 thay doi theo Ul.

Nham xem xét anh huong cua luong ding
PVA va ti I¢ mol F:Ul ¢ giai doan phan rng
cong dén chit luong keo, cac thong sb thi
nghiém duoc thiét 1ap nhu sau:

- C6 dinh ti 18 mol F:U trong hdn hop nguyén
lidu ngudn 1a: 1,1.

- Thay dbi ti 1& mol giita F va Ul trong giai
doan phan trng cong theo 5 muc gém: 1,7; 1,8;
1,9; 2,0; 2,1.

- Thay d6i luong dung PVA so vé6i U tong:
0,5%, 1,0%, 1,5%, 2,0%, 2,5%.

- Trong nghién ctru anh huong cua don yéu
td, khi ti 18 F:U hodc luong dung PVA thay doi
thi ¢6 dinh mot yéu té con lai.

Sau khi thyc hién tong hop keo theo quy trinh
hinh 2, két qua thu duoc keo UF bién tinh PVA
nhu hinh 3.

Hinh 3. San phim keo UF bién tinh PVA sau khi tng hop

b. Phuwong phdp xdc dinh cdc tinh chat cia keo
Céc tinh chit cua keo xac dinh trong nghién
ctru ndy gdom: ham luong kho, thoi gian dong
ran duoc xac dinh theo phuong phap quy dinh
trong tiéu chuan Trung Qubc GB/T 14732-2017
- Keo dan gd: Keo urea formaldehyde (UF),

phenol formaldehyde (PF) va melamine
formaldehyde (MF). Ham lugng formaldehyde
du trong keo dugc xac dinh theo phuong phap
quy dinh trong tiéu chuin Viét Nam TCVN
11569:2016 - Keo dan g6 - Xac dinh ham lugng
formaldehyde tu do.
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3. KET QUA VA THAO LUAN phuong phap xéac dinh ham luwong kho duge mo
3.1. Ham lwong khé ciia dung dich keo UF  ta trong (Chuong va Kién, 2013), két qua thi
bién tinh bing PVA nghi¢ém xac dinh ham luong kho cua keo UF

Ham luong kho 1a mot trong nhimng chi tiéu  bién tinh bang PVA véi lugng dung PVA va ti
quan trong ctia keo dan. Ham luong kho khong 18 mol giita F va Ul trong qua trinh tong hop
chi anh huéng dén cong nghé dan épma conanh  dwoc thé hién trong cac hinh 4 va hinh 5.
huéng dén do bén dan dinh cua keo. Theo
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Hinh 4. Ham lwong kho cia keo véi lwrgng dung PVA khac nhau
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Hinh 5. Ham luwgng kho cia keo véi ti 1€ mol F:U1 khac nhau

Trong phan tng tong hop keo UF s& xdy ra  ung cOng, v6i moi truong kiém va gia nhiét s&
hai giai doan phan Gng la giai doan phdn Gtng x4y ra phan Gng gilra urea va formaldehyde nhu
cong va phan ung da tu. Trong giai doan phan  sau (Chuong va Kién, 2013, trang 52-54):

o
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Hinh 6. Phan @ng giira urea va formaldehyde
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Trong giai doan phan ung da tu, v6i moi
truong axit va gia nhi¢t s€ xay ra phan rng nhu

trong hinh 7.
[ | i
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Hinh 7. Phin wng da tu tao thanh dung dich keo urea formaldehyde

Theo két qua nghién ctru cta Liu, Yuan et
al. (2018), trong qua trinh téng hop keo UF véi
su ¢6 mit ciia PVA thi s& xdy ra mot s6 phan
ung nhu hinh 8. Do phan tng gitta U va F tao
ra keo UF va va phan tng gitta PVA va F tao

ra keo PVF, san phém thu dugc khi bién tinh
s& gdm keo UF va keo PVF. Sau khi dong ran
s& tao ra hon hop vat chét chira keo UF va PVF
dan xen nhau dugc thé hién & hinh 8.
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Hinh 8. Phin trng hinh thanh mang PVA va UF

Trong nghién ctru, luong ding PVA thay doi
tir 0,5% dén 2,5% so véi luong urea trong hon
hop keo. Tir biéu d6 hinh 4 cho thiy, khi luong
st dung PVA tang 1€n, ham lugng kho cua keo
c¢6 xu huéng giam xudng, va co ban 6n dinh khi
lwong dung trong khoang 1,5% dén 2,5%. Ham
lwong khé cta keo UF bién tinh bang PVA bién

d6ng trong khoang tir 53% dén 55%, dat yéu cau
ding dé san xuat van dan (tir 52 - 56%). Nguyén
nhan c6 thé do, trong qua trinh téng hop tuy co
thé tao ra hdn hop gitra UF va PVF, nhung khi
luong dung PV A ting 1én da lam giam hoat tinh
ctia cac nhom chire, vi thé 1am mirc d6 phan g
giita cac hop chat giam xudng, dan dén ham
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luong kho cua keo giam. Khi lugng dung PVA
ting 1én qué cao, trong san pham keo xuat hién
cac hat nho (quan sat trén dung dich keo cua
nghién ctu), cling lam anh huong dén chat
luong cua keo.

Trong biéu d6 hinh 5 ta thay, khi ti 18 F:U1
tang 1én thi ham lugng kho cua keo thu dugc
tang dan va dat gia tri 16n nhét & ti 1& mol 1a 2,
sau do ti 1€ mol tang Ién thi ham luong kho lai
giam xubng. Nguyén nhan dan dén hién tuong
nay 1a c6 thé do, khi ting ti 18 F:U1 ¢ giai doan
phan tng cong, thi phan tng gitra F va Ul xay
ra triét dé & giai doan déau, dén giai doan sau chi
xay ra phan tmg da tu, voi s6 luong monome UF
o giai doan dau 16, khi ti 16 mol ting cao da dan
dén keo thu dugc c6 ham luong kho ting lén.

Tuy nhién, khi ti 1€ mol tdng vuot muac 2,0 thi
anh huong dén lugng F con lai ¢ giai doan da tu
(luong F & giai doan nay bi giam di, do tong
lugng F cua ca qua trinh khong d6i), dan dén
phan tng da tu thu duoc lugng san pham it, 1am
cho ham lugng khé cia keo giam xudng.
3.2. Thoi gian déng rin cia keo UF bién tinh
bang PVA

Thoi gian déng rin cua keo 1a mét trong
nhimg tinh chit quan trong, 1a can ctr dé xac
dinh thoi gian ép van trong qua trinh san xuat.
Két qua xac dinh thoi gian dong ran cia keo UF
bién tinh bang PVA khi nong d6 PVA va ti 1é
F:U1 thay ddi trong qué trinh tong hop keo dugc
thé hién trong hinh 9 va hinh 10.
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Hinh 10. Anh huéng ciia ti 1¢ mol F:U1 dén thoi gian dong ran cia keo

Tir biéu dd trén hinh 9 ching ta thdy, khi
luong ding PVA thay dbi s& lam thay ddi thoi
gian dong rin cua keo. Cu thé, thoi gian dong
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ran cta keo bién dong trong khoang tir 82 gidy
dén 102 giay. Cac loai keo tao ra déu dap tmg
yéu cau thoi gian déng rin voi keo UF dung
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trong san xuat van dan (thoi gian dong ran can
nho hon 120 gidy). Trén hinh 10 ta thiy, khi giam
lugng Ul dung trong giai doan phan ung cong,
hay ti 16 F:U1 ¢ giai doan ny ting 1én, san pham
keo UF thu duoc co thoi gian dong rin giam
xubng, nhung khi ti 18 F:U1 ting 1én qua 1,9 thi
thoi gian dong ran ctia keo lai ting 1én.

Nguyén nhan c6 thé do, trong qua trinh phan
ung voi cung mot lugng dung formaldehyde ma
PVA lai c6 thé phan tng voi formaldehyde dé
tao ra keo c6 gbc polyvinyl, vi vay da 1am giam
luong formaldehyde. Mt khac, trong qua trinh
dong rin cua keo viée c6 mit cua formaldehyde
s& quyét dinh dén téc d6 dong ran. Khi luong
formaldehyde tu do thap thi thoi gian dong rin
s€ kéo dai. Chinh vi vay, khi lugng PVA ting
1én, lam giam lugng formaldehyde va lam ting
thoi gian dong ran. Nhung khi luong ding PVA

tang 1én trén 2% thi thoi gian dong ran cta keo
co ban 6n dinh.

3.3. Ham luwgng formaldehyde dw trong keo
UF bién tinh bang PVA

Ham luong formaldehyde du trong keo dugc
x4c dinh dya vao tiéu chuan TCVN 11569:2016,
theo phuong phap sulfit.

Ham luong formaldehyde du trong keo co
anh huong truc tiép dén chit luong cua keo va
cling anh huong dén ham luong formaldehyde
phat tan cia van dan sau khi san xuat va sir dung.
Két qué thi nghiém xac dinh ham lugng
formaldehyde ctia keo UF bién tinh bang PVA
voi lugng dung PVA khac nhau va ti I¢ mol F
va Ul trong giai doan phan tng cdng (ti I¢
F:U1) khac nhau duoc thé hién trong hinh 11
va hinh 12.
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Qua két qua thi nghiém co6 thé thay, ham
lugng formaldehyde du trong keo & mure d kha
thap, chi dudi 0,8%, dap ing yéu cu so v6i Quy
chuin Viét Nam vé ham luong formaldehyde
trong keo UF (pham vi cho phép cua QCVN Ila
dudi 1,4%). Ngoai ra, két qua thi nghiém con
cho théy, khi lvong dung PVA ting 1én, thi ham
luong formaldehyde du giam xudng. C6 hién
tuong nay chinh la nho phan g tao ra keo gitra
PVA va formaldehyde trong giai doan phan ing
c6 moi trudng axit yéu va gia nhiét.

Ngoai ra, trong nghién ctru ciing di tién hanh
thi nghiém san xuét keo véi viéc thay doi ti 16
mol F:U1 trong giai doan phan tmg cong dé
danh gid ham lugng formaldehyde du trong keo.
Két qua thi nghiém ciing thu duoc keo c6 ham

luong formaldehyde du dap tmg yéu cau QCVN.

Diéu nay ndi 1én rang, véi cong nghé st dung
trong nghién ctru, ¢ thé san xuit ra duoc keo
UF dép tng yéu cau theo QCVN hién hanh. Mt
khac, nghién ctru con chi ra, khi ti 1¢ F:U1 tang
1én trong giai doan phan Uing cong da lam cho
ham luong formaldehyde tu do giam xudng. Vi
vay, dé san xuit keo c6 ham luong
formaldehyde du trong keo thap, voi ti 16 mol
téng thé F:U khong d6i, nén ting ti 1& F:U1L
trong giai doan phan tng cdng, nhung khong
nén vuot qua 2,0.
4. KET LUAN

1. Luong PVA c6 anh hudng rd rét dén cac
tinh chat ctia keo UF. Céc tinh chat ctia keo UF
bién tinh c6 xu hudng thay ddi tot hon khi luong
PVA tang lén. Keo UF tao ra co6 lugng
formaldehyde du trong keo nho hon 0,8%, dap
g yéu cau keo dan theo Quy chuin Viét Nam
hién hanh. Ngoai ra, két qua nghién ctru con cho
thiy luong PVA sir dung dé bién tinh keo UF
nam trong khoang tir 0,5% dén 2,5% so véi
luong urea trong hdn hop ban dau.

2. Ti 1€ mol F:U1 trong giai doan phan ung
cong c6 anh hudng rat 16n dén céc tinh chat cua
keo UF. Khi ti I¢ mol F:Ul tang lén, cac tinh

chat cua keo ciing c6 hudng bién dbi tt 1én. Cu
thé tang ty 1¢ F:U1 tir 1,7 1€n 2,1 thi ham lugng
formaldehyde tu do giam tir 0,68% xudng
0,48%. Két qua nghién ciru ciing chi ra, ty 18
mol trong giai doan phan tmg cong F:U1 niam
trong khoang tir 1,7 dén 2 dé tranh hién tuong
ham luong kho cua keo bi giam xudng.
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EFFECT OF MATERIALS COMPOSITION ON SOME PROPERTIES
OF UF RESIN MODIFIED BY POLYVINYL ALCOHOL

Nguyen Thi Thuan', Vu Manh Tuong!®, Tran Van Chu?
"Vietnam National University of Forestry — Dong Nai Campus
*Vietnam National University of Forestry

SUMMARY

Modification is one of the effective solutions to improve the quality of the resin. In particular, adding PVA -
polyvinyl alcohol in the UF resin synthesis is one of the solutions that can not only improve some quality
parameters of the resin but also reduce the free formaldehyde content in the resin. This study synthesized the
PV A modified UF resin with different technological parameters includingthe amount of PVA used and the molar
ratio of formaldehyde and urea in the first stage of the synthesis process (the stage of alkaline condensation to
form monomethylolureas, dimethylolureas and trimethylolureas) (F:U1). At the same time, determination of the
solid content, gel time and free formaldehyde content in the resin for different experimental modes. The research
results show that the properties of modified UF resin tend to change better when the amount of PVA increases.
The synthetic UF resin has a free formaldehyde content of less than 0.8%, meeting the adhesive requirements
according to current Vietnamese regulations. The amount of PVA should not exceed 2.5% of the amount of urea
in the original mixture. The molar ratio F: Ul has a great influence on the properties of the UF resin. When the
molar ratio F:U1 increases, the resin properties also tend to change well. However, it is not recommended to use
a F: Ul ratio greater than 2.0 at the first stage, as it will reduce the solids content of the resin.

Keywords: Gel time, modified UF resin, PVA, solid content.
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