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Keo ure-formaldehyde (UF) déng vai tro quan trong trong viéc san xuat van dan. Chat luong
ctia van dan c6 quan hé chat ché véi chat luong cta keo stt dung. Trong nghién cttu nay,
Carboxymethyl cellulose (CMC) da duoc duwa vao qua trinh tdng hop keo UF nham cai thién
mot s6 chi tieu chat luong cta keo UF. Két qua thi nghiém cho théy, khi lrong CMC duoc
cho vao khac nhau (tir 0 - 0,5% so v6i téng lugng UF) thi cac chi tiéu chat luong ctia keo nhu:
Ham luong kho, thoi gian dong rin, do nhét ctia dung dich keo va céc chi tiéu chat luong van
dan nhu: Do bén kéo truot mang keo, do bén udn tinh thay déi theo nhitng quy luat ro rét va
theo chiéu huong tich cuc. Cu thé, khi ti 16 CMC cho vao ting lén thi ham lugng kho va do
nhét cia keo ting lén, do bén kéo truot mang keo va do bén uon tinh cta van dan thay déi
khong ro rét. Tuy nhién, nghién ctu cting chi ra, néu str dung ti 1é CMC vuot qua 0,5% sé anh

hudéng khong tot dén chat luong van dan.

Tt khoa: Carboxymethyl cellulose (CMC), keo ure-formaldehyde, bién tinh keo.

1. DAT VAN BE

Keo ure-formaldehyde (UF) duoc wa chudéng
trong nganh cong nghiép van nhan tao vi nhiéu wu
diém nhu: Nguon nguyén liéu doi dao, gia thanh
thdp va kha nang dan dinh tot. Moi nam, hang
trieu mét khéi van nhan tao duoc san xuat tir keo
UF. Tuy nhién, loai keo nay dé hut 4m, mang keo
c6 thé tré nén gion va phat tan formaldehyde trong
qua trinh st dung. Nham cai thién chat luong cta
keo UF, cac nha nghién ctu trén thé gioi da
nghién ctru va cong bo rat nhiéu giai phap hiu
hiéu. Mot trong nhimng giai phap kha hiéu qua da
duoc cac nha nghién ctu trén thé gidi cong bo do
la st dung hop chat Carboxymethyl cellulose
(CMC) b sung vao qua trinh téng hop dé tao ra
keo UF bién tinh dung vao mot s6 linh vuc nhu:
Séan xuat vat liéu composite go, vat liéu chuyén pha
[1-3].

Carboxymethyl cellulose (CMC) la mot hop
chat khong mui, c6 nguédn goc tir cellulose nhung
c6 thé hoa tan trong nudc. Trong dang dung dich,
CMC c¢6 do nhot cao, kha nang hat nudéc manh,
khong doc hai, khong gay di tng va c6 thé phan

huty sinh hoc, voi chi phi thap. CMC con duoc biét
dén 1a chat lam dic, vi khi hoa tan trong nudc, tao
ra dung dich c6 d6 nhot cao va kha nang két dinh.
Chi can mot luong nhé 2 g/L ciing c6 thé tao ra
dung dich c6 d6 nhé6t vuot trén 150 mPa.s. Trong
cau trac cia CMC, ton tai nhiéu nhoém hydroxyl (-
OH), nh¢ vao chung, CMC c6 thé tham gia vao
qua trinh phan tng téng hop keo UF. Véi vai tro 1a
chat bién tinh, CMC c6 thé tiang muc do lien két
ngang va giam su ton tai ctia formaldehyde tur do
trong keo [1].

Két qua nghién ctru ctia Zhang va cs (2012)
[4] cho thdy, khi them 7,5% CMC vao keo Na,SiO,
da ting do bén dan dinh lén dén 56,3% so voi keo
khong c¢6 CMC trong diéu kién kho. Tuy nhién,
tinh chiu nuéc cia keo bién tinh chua duoc cai
thién. Két qua nghién cttu ctia Qiao va cs (2014)
[5] cho thdy, @6 nhét va ham luong kho ctia keo da
duoc cai thién. Do bén dan dinh ctia keo da dugc
cai thién ro réet voi ti 1é t6i wvu CMC 1a 0,375% va co
dinh nong do cac chat khac. Dong thoi, nghién
cttu ciing chi ra ring su hé tro cia CMC da lam
tdng muc do tuong tac gitta cac thanh phan trong
hén hop, 1am gidm nhiét @6 dong rian cia keo.
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Nhim tim kiém gidi phap bén vimg va cai
thién chat luong keo UF trong san xuit van dan,
nghién cttu anh huéng caa ti 1é (CMC) dén tinh
chit keo ureformaldehyde va van dan da duoc
thuc hién. Két qua nghién cttru sé gép phan bd
sung thong tin vao viéc ap dung cong nghé san
xuat keo UF theo huéng st dung cac hop chét co
nguon goc tu nhién va bén vimng.

2. PHUONG PHAP NGHIEN CUU

2.1. Vit lieu nghién cttu

2.1.1. Hoa chat

- Ure 98% - (NH,),CO (U), xat (NaOH) 98%,
axit acetic CH;COOH 99% duoc cung cip boi Tong
cong ty Phan bon va Hoa chat dau khi Viét Nam.

- Formaldehyde 44% - HCHO (F) duoc duoc
cung cap bdi Techchem Resin Co., Ltd., Viét Nam.

- Carboxymethyl cellulose (CMC, Na-CMC):
Do tinh khiét 99,7%, duoc cung cip boi Shanghai
Zhanyun Chemical Co., Ltd., Trung Qudc.

2.1.2. Nguyén liéu g6

Van mong g6 Cao su c6 kich thuéc day 1,5
mm.

2.2. Thiét bj va dung cu

Cac thi nghiém téng hop keo duoc tién hanh
tai Phong thi nghiém thudc Trung tim Thi nghiém
va Phat trién cong nghé cta Phan hiéu Truong Dai
hoc Lam nghiép tai tinh Déng Nai. Thiét bi va
dung cu thi nghiém gom:

- Thiét bi téng hop keo tu ché tao nhu hinh 1
(gdém cam bién nhiét, bo diéu khién PLC va man
hinh HMI c6 thé theo doi va tu dong diéu khién
duoc nhiét do va thoi gian timg giai doan phan
tng).

- Binh ba ¢4 loai 2.000 ml két hop véi ndi Inox
Buc).

- Can dién tir Kern 572 ¢6 d6 chinh xac 0,001 g
Bruc).

- Gidy thtt pH ADVANTEC (Nhat Ban).

- Cdc thuy tinh, dia thuy tinh, daa thdy tinh,
6ng nghiém, binh hut 4m.

- May do @6 nhét ctia dung dich keo NDJ-8S -

Trung Qudc.

- T sdy thi nghiem: Memmert, UN55 (D).

o

Hinh 1. Thiét bi tdng hop keo
trong phong thi nghiém

2.3. Phuong phap nghién ctru
2.3.1 Tong hop keo UF bién tinh

Buodc 1: Cho 828 g HCHO vao binh ba cd,
dung dung dich NaOH 40% diéu chinh pH lén 7,5 -
8,0; bat canh khudy, cho ure lan 1 (354,1 g) vao
binh, tang nhiét ttr tir 1én 60°C.

Budc 2: Cho CMC vao hon hop HCHO va ure
& budc 1, tiép tuc tang nhiét 1én 90°C (toc do ting
nhiét khong ché 1°C/phut), khudy déu lién tuc va
duy tri trong 40 phut.

Buoc 3: Diéu chinh pH xudng 4,5 - 5,0 bang
dung dich CH,COOH, kiém tra va xac dinh diém
cudi cta qua trinh phan tmg (xuat hién van duc
tring).

Buoc 4: Khi dat diém cuéi, diéu chinh pH lén
7,0 - 8,0 déng thoi nglng gia nhiét.

Budc 6: Khi nhiét do giam vé khoang 80°C,
cho luong ure con lai (217,9 g) vao hon hop ctia
budc 3, duy tri nhiét do va khudy déu trong 10
phut.

Buoc 6: Diéu chinh pH = 8,0, gidm nhiét dén
nhiét do phong va 14y keo ra.

Trong d6: Nham xem xét anh huodng cta ti 1é
b6 sung CMC dén chat luong keo va chat luong
van dan, cac thong so thi nghiém duogc thiét 1ap
nhu sau: (1) Co dinh ti 1é mol F/U trong hon hop
nguyen lieu 1a: 1,3; (2) Co dinh luong ure dua vao
lan 1 tuong tng ti 1é mol F/U1 1a: 2,1; (3) Thay déi
luong CMC so véi tong luong F va U: 0%; 0,125%;
0,25%; 0,375%; 0,5%.

Sau khi thuc hién téng hop keo theo quy trinh
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tren, két qua thu duoc san phdm keo tuong tmg
voi luong CMC tang dan, duoc ky hiéu O, A, B, C,

D nhu hinh 2.

Hinh 2. San phdm keo sau khi tdng hop

Ghi chi: (a) Dung dich keo trong suot ngay sau khi két thiic phan ung; (b, ¢) Dung dich keo chuyén

dan sang duc va trdng sau 24 gio:

2.3.2 Tao mau g6 din

Kich thudc van mong: dai x rong x day = 300 x
300x 1,5 mm.

Do 4m van mong: 13 - 15%; van moéng dugc boc
& cung mot may ép, voi thong s6 cong nghé boc co
dinh, dugc dé kho tu nhién dén do 4m thiang bing
trong phong thi nghiém.

S6 16p van dan: 5 1op; kich thuéc van dan: dai x
rong x day = 300 x 300 x 7 mm.

Loai keo: keo UF duoc diéu ché tir thi nghiém
nghién ctu.

Luong keo trang: 150 g/m’® duoc trang lén 2
mat; ap suat ép: 1,2 MPa; nhiét do ép: 120°C; thoi
gian ép: 1,5 phat/mm.

2.3.3 Xdc dinh céc tinh chat keo

Mot so chi tieu chat luong cta keo dan duoc
kiém tra theo phuong phap quy dinh trong Tiéu
chudn Trung Quoc GB/T 14732-2017 [6] gdm: Ham
luong kho, thoi gian dong ran, do nhot.

Do pH duoc do bang gidy thit pH ADVANTEC
(Nhat Ban).

Ham lwong khoé ctia keo dan duwoc xac dinh
bang phuong phap can siy: Can xac dinh khéi
luong dia thay tinh M (g). Lay 2 g dung dich keo
cho vao dia thuy tinh. Dat dia vao ta sy & nhiét do
120°C va duy tri trong 3 gi¢. Sau khi hét thoi gian,

ldy mau dat trong bao 6n dé lam nguoi vé nhiét do
thuong, can xac dinh khoi luong keo va dia sau sdy

N (g).
Cong thic xac dinh ham luong kho:

my
SC=—L x 100, %
My
Trong doé: m, la luong keo sau khi sdy, tinh
bang gam, m1 = N - M (g); m, 1a luong keo truoc
khi sdy, tinh bang gam.

Thoi gian dong ran duoc xac dinh bang viéc
lay dung dich keo (3 — 4 cm) d6 vao 6ng nghiém
19 x 150 mm, dung NH,ClI diéu chinh pH =4 -5va
dat 6ng nghiém trong bé nudc soi va bat dau bam
déng hé xac dinh thoi gian. Dung diia thay tinh
lien tuc khudy keo. Khi keo dong dic khong thé
khudy duoc, doc thoi gian trén dong ho.

Do nhét duoc xac dinh bang may do do nhot
NDJ-8S (Trung Qudc) tai nhiét do phong.

2.3.4. Xdc dinh cdc tinh chat cia g6 ddn

Do bén dan dinh dugc danh gia thong qua
cuong do kéo truot mang keo ctia mau thtr, duoc
kiém tra theo phuong phap quy dinh trong TCVN
8328-1:2010 [7], mau thit & trang thai kho, khong
qua xtt ly trudc.

Kich thuéc mau thi: Day x rong x dai = 7 x 25
x 150 mm.
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Kich thudc dién tich truot: Dai (I) x rong (b) =
25x 25 mm.

Do bén uon tinh (MOR) duoc kiém tra theo
TCVN 12446:2018 [8].

Kich thuéc mau: Day x rong x dai = 7 x 50 x
190 mm.

Cac mau duoc kiém tra trén may thir tinh chat
co ly MTS Exceed, Model E44.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huéng ctia CMC dén chét lugng keo
UF

3.1.1. Po pH va ngoai quan cua dung dich keo

Két qua kiém tra cac chi s6 pH va mau sic ciia
dung dich keo & cac ti 16 CMC khac nhau cho
thdy: Do pH ctia cac dung dich keo déu nam trong
khoang 7,8 - 8,0 do giai doan cudi ctia qua trinh
phan tng da stt dung NaOH @é diéu chinh do pH
nhim 1am cham qua trinh phan tmg, thuan tién
cho qua trinh Iwu trit keo va khi sit dung khong
can b6 sung qua nhiéu chat déng ran. Mau sic cta
keo UF-CMC & cac ti 1é khac nhau déu trong sudt
sau khi két thiic phan tng. Tuy nhién, tir ngay the
2 tr& di, mau ctia keo bat dau chuyén sang duc dan
dén trang. Ti lé CMC cang cao thi mau sic keo
chuyén sang duc cang ro. Nguyén nhan cé thé 1a
st hién dién cia CMC da anh huéng dén do pH
ctia dung dich keo, tir d6 tac dong dén mau sic
cua keo [5].

3.1.2. Him luong kho

Két qua nghién ctru cho thay, ti le CMC da
duoc bién dai tir 0% (12 mau doi ching) dén 0,5% so
voi téng luong ure va formaldehyde trong hon hop
keo dé lam co s& danh gia anh huong ctia CMC
dén chat luong keo dan.

Hinh 3 cho thay, khi ti Ié b6 sung CMC tang ti
0 - 0,5%, ham luong kho cta keo ciing tang theo.
Ham luong kho cta keo gan nhu khong d6i khi
luong CMC bd sung nhé hon 0,25%. O ti le CMC
16n hon 0,25%, ham luong khé c6 xu hudéng tang
manh hon, nhung van thdp hon 56%. Két qua
nghién ctru ctia Huang va cs (2015) [1] cho thay,
CMC da tham gia vao phan tng trung ngung va
g6p phan hinh thanh nhiéu nhém -CH2. Do ¢,
trong qua trinh téng hop keo UF véi su c6 mat cta

CMC, da anh huéng dén hoat tinh ctia cac nhém
chirc, lam ting murc d6 phan tng gitta cac hop
chat, dan dén tang ham luong kho cta keo. Két
qua nay twong déng voi nghién ciu trudc do cua
Qiao va cs (2014) [5].

Ham luong kho cta keo UF bién tinh bang
CMC bién dong trong khoang tir 53,8 - 55,8%, dat
yéu cau dé san xuat van dan. Két hop gitta ham
luong kho va do nhét ciia keo, 6 thé két luan rang
ti Ié b6 sung CMC trong khoang tir 0,25 - 0,5% la
phu hop.

56,5

0,000 0,125 0,250

Ti 16 CMC (%)

0,375 0,500

Hinh 3. Ham lueong kho ctia keo UF véi ti 1é
CMC khac nhau

3.1.3. Thoi gian dong ran

Ngoai ham luong kho, thoi gian dong ran cta
keo 1a mot yéu t6 quan trong khac, 1a co sé dé xac
dinh thoi gian ép van trong qua trinh san xuat van
nhan tao. Két qua thir nghiém xéac dinh thoi gian
doéng ran ctia keo UF-CMC khi ti 1é CMC thay ddi
trong qua trinh téng hop keo duoc thé hién trong
hinh 4.

43,0 -
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8 37,0 4
&0 35,0
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8 31,0 4
2229,0
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25,0

0,000 0,125 0,250

Ti 1&¢ CMC (%)

0,375 0,500

Hinh 4. Thoi gian dong rin ctia keo UF véi ti
1¢ CMC khac nhau

Hinh 4 cho thay, khi ti lé CMC thay déi, thoi
gian dong ran cta keo ciing thay déi theo. Cu thé,
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thoi gian dong ran cta keo tang tir khoang 30,5 -
40,5 giay khi ti 16 CMC tang lén. Tat ca cac loai
keo tao ra déu dap tng duoc yéu cau vé thoi gian
déng ran, véi thoi gian dong ran cta keo UF dung
trong san xuat van dan can phai nho hon 120 giay.

Dai voi keo UF, dac tinh dong ran phu thuoc
vao qua trinh phan tng, su tuwong tac gitta ure va
formaldehyde trong ca giai doan phan tmg cong va
phan ung trung ngung. Trong qua trinh phan tng
triing ngung, su tham gia cia CMC [1] v6i cac ti lé
khac nhau da anh hudng dén thoi gian dong ran
ctia keo nhu da thé hién & hinh 4. Theo Huang va
cs (2015) [1], théng qua phan tich nhiét quét vi sai
(DSC), UF bién tinh bang CMC c6 enthalpy (50,33
J/g) thap hon so voi UF khong bién tinh (153,5
J/2). Nghién cttu ctia Qiao va cs (2014) [5] cing
chi ra ring, sau khi b6 sung CMC vao hon hop keo
goc tinh bot, phan tich DSC cho thdy nhiét do
giam. Két qua nay cho thdy, sw c6 mat cia CMC
lam cho phan tmg dong rdn keo tré thanh phan
tng thu nhiét. Ti I¢é CMC b3 sung vao hén hop
phan tmg cang lon, lugng nhiét mat di cang lon,
dan dén thoi gian dong ran ctia keo cang dai.

3.14. Do nhot
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Hinh 5. P6 nhét ca keo UF véi ti 16 CMC khéac nhau

CMC 1a mot chat ran, khi hoa tan trong nuoc
voi ti 1é 2% c6 thé tao dung dich c6 do nhaot 200 -
250 mPa.s [2]. Két qua nghién ctu & hinh 5 cho
thdy, do nhét cta keo ting lén khi ti 1é bé sung
CMC tang. Két qua nay tuong dong véi nghién ctu
ctia Qiao va cs (2014) [5], trong d6 nghién ctru da
b sung mot luong CMC (0 — 0,75%) vao keo dan
goc tinh bot va thdy ring do nhot ctia keo tang
theo ti lé voi luong CMC tang.

Hinh 5 cho thdy, do nhot ting cham khi luong
CMC b6 sung nhé hon 0,25%. Do nhot tiép tuc
tang véi xu huéng nhanh hon khi ti 16 CMC vuot
qua 0,25%. Khi mtc bd sung CMC 0,5%, do nhot
ctia dung dich dat gan 300 mPa.s va xuat hién mot
s6 hat nho khong tan do CMC phan tan khong déu
trong dung dich, diéu nay sé gay kho khan cho
qua trinh trang keo ép van. Do d6, dé tranh tinh
trang nay, ti 1¢é CMC bd sung trong qua trinh téng
hop keo nén duoc gidm xudng dudi 0,5%.

3.2. Anh hudng ciia CMC dén chét leong van
dan st dung keo UF-CMC

3.2.1. Do bén din dinh
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Hinh 6. P bén dan dinh véi ti 16 CMC khac nhau

Két qua thi nghiém xac dinh anh hudng cta
keo UF véi céc ti 1é b6 sung CMC khac nhau dén
do bén dan dinh cta van dan duoc thé hién trong
hinh 6. Hinh 6 cho thdy, khi stt dung keo UF voi
luong CMC tiang dan tir 0 - 0,25% so voi tdng luong
UF, cuong d6 kéo truot mang keo tang tir 2,38 1én
2,83 MPa, khi ti 16 CMC lén trén 0,25%, cuong do
kéo truot gidm dan néu luong CMC tiép tuc ting
len Két qua nay twong déng voi nghién ctu cta
Zhang va cs (2012) [4], trong d6 nghién cttu da chi
ra rang do bén dan dinh ctia van dan st dung keo
goc Na,SiO, bién tinh CMC ting lén khi luong
CMC st dung tang, sau d6 giam khi CMC ti€p tuc
tang va dat gia tri cao nhat 0,76 MPa & trang thai
kho khi lwong ding CMC la 7,5% tong luong
Na,SiO,. Do do, c6 thé két luan, luong bd sung
CMC c6 anh hudng dang ké dén chat luong cia
keo va tir d6 anh huéng dén do bén dan dinh cta
van dan st dung cac loai keo d6. Tuy nhién,
nghién cttu nay chi thuc hién kiém tra do bén dan
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dinh ctia van & trang thai kho, két qua bién dong
vé do bén dan dinh khong nhiéu. Do do, can tién
hanh thém céac nghién ciru lién quan dé danh gia
d6 bén dan dinh ctia van trong diéu kién 4m.

3.2.2. Do bén uén tinh

Do bén uon tinh (MOR) 1a mot trong nhimg
chi tiéu co hoc quan trong ctia vat lieu gbé noi
chung va van dan noéi rieng. MOR cho biét kha
ning chiu tai nham chong lai bién dang ctia tim
van trong qua trinh st dung. Trong nghién ctu
nay, MOR ctia cac mau van dan stt dung keo UF
v6i cac ti 1é b6 sung CMC khéac nhau da dugc xac
dinh va két qua duoc thé hién & hinh 7. Tt két qua
nghién ct, c6 thé thiy khi luong diung CMC tiang
lén, @6 bén uon tinh ctia van giam xudng. Gia tri
cao nhat cia MOR dat duoc tai mau déi chimg
(56,583 MPa), tirc khi khong b sung CMC trong
qua trinh phan tmg téng hop keo. Két qua nay
tuong dong véi nghién ctu ctia Istek va cs (2020)
[2], theo d6 khi ham luong CMC tiang lén, do bén
uon tinh cta van dam cing c6 xu huéng gidm
xuong. Tir két qua nghién ctru, cé thé két luan
rang su c6 mat ctia CMC trong qua trinh téng hop
keo UF c6 anh hudng tiéu cuc dén do bén uon tinh
cta van dan st dung loai keo do6.
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Hinh 7. P bén udn tinh véi ti 16 CMC khac nhau
4. KET LUAN

Qua qua trinh téng hop keo UF voi cac ti 1 st
dung CMC khac nhau da tao ra cac loai keo UF-
CMC. Két qua chi ra ring, ham luong kho va do
nhét cia keo UF duoc céi thién khi b6 sung mot
luong CMC trong qué trinh téng hop. Keo sau khi
tong hop duoc st dung dé ép tao van dan va tién

hanh kiém tra tinh chét co hoc ctia van da cho
thdy, do bén kéo truot mang keo (kho) cta van dat
gia tri cao nhat tai ti 1é b sung CMC la 0,25%,
nhung CMC lai gay anh huodng tiéu cuc dén do
bén uon tinh cta van. Két qua nghién citu nay 1a
thong tin budc dau trong hudéng nghién ctru bién
tinh keo UF bang CMC. Dé c6 thém co s& khing
dinh mutc do cai thién chat luong ctia san phdm
nhu cac chi tiéu co hoc ctia van dan can tién hanh
thém cac nghién cttu véi quy mo réng va siu hon
nita.
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THE EFFECT OF CARBOXYMETHYL CELLULOSE ADDITION
ON PROPERTIES OF UREA FORMALDEHYDE RESIN AND PLYWOOD
Nguyen Thi Thuan', Vu Manh Tuong!, Nguyen Van Tu?
Vietnam National University of Forestry — Dong Nai Campus
“Ho Chi Minh City University of Technology and Education
Summary

Urea-formaldehyde (UF) resin plays an important role in plywood production. The quality of
plywood is closely related to the adhesive quality used. In this study, Carboxymethyl cellulose
(CMC) was introduced into the UF resin synthesis process to improve some properties of it.
Experimental results show that when different amounts of CMC were added (ranging from O -
0.5% relative to the total amount by weight of UF), the properties of the UF, such as solid content,
gel time, viscosity of the resin, and mechanical strength of plywood, including shear strength,
and modulus of rupture, change significantly with positive trends. Specifically, as the CMC ratio
increases, the solid content and viscosity of the resin increase too, while the shear strength and
modulus of rupture of plywood show less important changes. However, the study also indicates
that exceeding a CMC ratio of 0.5% adversely affects the quality of plywood.

Keywords: Carboxymethyl cellulose (CMC), urea-formaldehyde resin, adhesive modification.
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