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TONG HQP VAT LIEU SIEU HAP THU NUGC TU SQI ROM: ANH
HUONG CUA CHAT XUC TAC

Hoang Thi Phuong'”, Tran Vii Thing®, Nguyén Thi Minh Phuong?

Tém tét: Vit liéu siéu hap thy nudée (Bio-SAP) tir xenlulo da dwoc tong hop bdang phirong
phap tring hop ghép acrylamit lén xenlulozo, sur dung N,N’-methyl bisacrylamide (MBA)
nhu chat tao ludi. Trong nghién civu cé sir dung hai hé chat xiic tac khdc nhau la hé kali
pesunfat (KPS) va kali pesunfat /ascobic axit (KPS/AAs). Anh huong cua loai va ham lwong
chat xiic tdc dén qud trinh trung hop nhw ham heong gel, tinh chat co' ly, dé hap thy nuéc
va tinh chat nhiét cia san pham da dwoc nghién cieu. Khi so sanh hai hé chat xiic tac KPS
va KPS/AAs cho thdy ham lwong phan gel, dg hdp thu mede cuwc dai va dé bén co Iy ciia mau
st dung hé chat xiic tac KPS/AAs la cao hon so véi hé KPS. Ham luwong chat xiic tac
KPS/AAs t6i wu la 1.25% khoi lwong so voi monome. Vit liéu Bio-SAP thu dwoc co cac dac
trung tinh chdt: ham heong gel 98.1%, do hap thu nuéc trong méi truong nuéc cat 320.8
glg, nueée mudi sinh Iy 63.5 g/g, 6 bén kéo dirt 162.5 kPa va do dan dai khi dirt 31.8%.

Tir khoa: Polyme siéu hép thu; Acrylamide; Xellulozo; Tring hop ghép.
1. MO PAU

Polyme siéu hip thu nuéc 1a mot loai polyme dang hydrogel khong tan trong nudc c6 kha nang
hap thu nude tr mot dén vai trim 1an va co thé tir tir giai phong nudc ¢ didu kién kho han. Dua
trén nhimg déc tinh wu viét ndy ma vat liéu SAP da duogc ing dung rong rai trong nhiéu linh vuc,
déc biét trong néng nghiép, trdng trot, xtr Iy nuc thai va 1am vat liéu dan thudc. SAP thuong duge
ché tao tir qua trinh dng trung hop axit acrylic, acrylamit, natri hogc kali acrylat trong sy c6 mat
clia chat tao ludi. Phan tmg dugc khoi mao gdc tu do, hé khoi mao oxy hoa — khir hay hé khoi méao
hdn hop [1].

Hién nay, cac nguén nguyén liéu san ¢, than thién moi truong nhu xenlulo, tinh bot, chitosan
da dugc quan tdm nghién ctru do trit lugng 16m, c6 kha nang phéan huy sinh hoc cling nhu gia thanh
ré [2]. Rom ra 1a san phim phu tir qua trinh canh tac va thu hoach lua gao va hau hét chung dugc
dbt bo, chon lap, chi mot lugng nho duge st dung 1am thirc 4n gia stic, G phan compost hodc lam
mdi trudng trong nam rom. Nhin chung, rom ra chira ham lugng xenlulo va hemixenlulo cao,
khoang 68 - 75%. Do vay, ngué)n xenlulozo tir rom ra c6 thé su dung dé ché tao vat liéu siéu he‘ip
thu nudc bang cach ghép cac vinyl monome 1én mach cacbon ctia xenlulo. Phan tmg tring hop
ghép co thé dugc khoi mao quang, buc xa hodc khoi mao hoa hoc. Viéc phat trién cc hé polyme
siéu hip thu nudc trén co sé phan tng tring hop ghép monome nén xenlulozo di dugc cac nha
khoa hoc nghién ciru nhu tring hop ghép tao ludi giita xenlulozo va vinyl monome, dan xuét ciia
acrylat [3-5].

Trong qua trinh trang hop ghép vinyl monome 1€n xenlulo thi xtc tac dong vai tro quan trong,
quyét dinh hiéu suat ctia qua trinh ghép. Vi vay, trong nghién ctu nay, tién hanh khao sat anh
huéng cia hai hé xiic tac 1a KPS/AAs (ty 1& 2/1) va KPS dén qué trinh trang hop (ham lugng gel,
do hép thu nuéc) va cac dic trung tinh chét cua san phérn (d6 bén co ly, tinh chét nhiét, hinh thai
hoc bé mit va phd FTIR).

2. THUC NGHIEM
2.1. Nguyén liéu

Soi xenlulo tr rom (kich thudc 0.2 ¢cm, ham Iugng cac chit xenlulo 82.15%, lignin 3.25%,

hemixenlulozo 7.47%), san pham cia Vién Hoa hoc. Kali persulphat (K,S,0s) (Merk), N,N’—

Metylen bisacrylamit (C7H10N202) (Merk), Acrylamit (CsHsNO) (Merk), Axit Ascorbic (CsHzOs)
(Trung Quoc).
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2.2. Phuong phip tién hanh
2.3.1. Pong trimg hop ghép acrylamit lén sgi xenlulo sir dung hé khoi mao KPS

Phan tng duogc thuc hién trong binh cau 3 ¢ dung tich 500 ml dugc lép nhiét ké, thiét bi suc
khi nito, phéu nho giot va sinh han hoi Iuu. Trude khi bat dau phan ung, 2 g soi xenlulozo thu
dugc tir rom ra (da xir Iy kiém, kich thude 0,2 cm) dwoc ngam trong binh phan tmg c¢é chira 50ml
nudc ct ciing v6i mot lugng chit xuc tac (hé KPS/AAs (ty 16 2/1) hodc KPS) c6 ndng d6 xéac dinh,
suc khi N2 dé dudi oxy, gia nhiét (1én 30 °C v6i hé KPS/AAs hoic 1én 70 °C v6i hé KPS) va khay
déu trong 60 phat. Sau khi thém dung dich acrylamit nong do 15% va chét xic tic MBA ham
lwong 0.9% khéi luong so véi monome, hdn hop duoc xic khi N, khudy véi toe do 300 vong/phut
va duy tri & nhiét d6 phan g (30 °C vai hé KPS/AAs hodc 70 °C véi hé KPS). Sau 2,5 gio, san
phém tao thanh duogc rua bﬁng nudce cét va chiét Shoxhlet véi nudce cit dé loai bé monome du. San
pham duogc sdy kho trong ta sdy chan khong ¢ 60 °C dén khéi lwong khong ddi thu duge copolyme
ghép. Nong do chit xuc tac duoc khao sat trong khoang 0-2.0%.
2.2.2. Xac dinh ham lwong gel san pham

Can 2 g vat liéu Bio-SAP cho vao tdi loc, chiét soxhlet bang etanol trong 6 gio de loai bo phan
monome du va polyme khong tao ludi. San pham con lai trong tii dugce sdy lai bang tu sdy chan khong
dén khéi luong khong d6i. Ham luong phan gel cua san pham duoc xac dinh theo cong thirc sau:

Gel (%) = 22 x 100%
g1

Trong d6, g1 va gz khéi lugng san pham kho trudce va sau khi rira.
2.2.3. D6 truong (d hdp thy nwéce)

Po can béng hép thu nudc cua vit ligu dugc xac dinh & nhiét do phong: Mot lugng mau kho
Bio — SAP nhat dinh dugce cho vao thi loc qbucf)c chat. Tai duqc‘ ngam trong nudc cat hodc NaCl
0,9% trong vong 24 gid ¢ nhi¢t do phong dé dat trang thai can bang truong. Sau do, tui duge nhac
lén khéi dung dich2 nudc hoac NaCl Q,9% thtra dugc thoat qua tui loc. Thi 1()9 duoc dé kho tu
nhién trong 1 gio r6i dugc lau sach phan nudc dinh bén ngoai va can tti. B4 hap thu nude dugc
tinh theo phuong trinh sau:

q = W —Wy)/Wy

Trong d6: Qeq - P9 hap thu nude (g nuwéc/g mau);

W1, W; - Khéi lugng ctia mau kho va mau truong nd tuong tmg (g).
2.2.4. Tinh chdt co' Iy

Cac mau hydrogel duoc ché tao dudi dang mang mong, sau d6 dugc ngadm trong nudc cétv 72
gi0 d€ loai bo hoan toan cac monome du va phan polyme chua dugc khdu mach ra khoi san pham.
Sau d6, san phdm dugc lam kho trong tu sdy chan khong & 60 °C t6i khoi lugng khong doi. Viée
tién hanh tao mau do cling nhu cach xac dinh dQ bén co hoc (d¢ bén kéo dut, do dan dai khi dut)
duogc thuc hién theo tiéu chuan ASTM D 638 bang thict bi do co 1y da nang AI-7000M tai Vién
hoa hoc.

2.2.5. Hinh théi hoc bé mdt

Hinh théi hoc bé mat soi dugc dugc xéc dinh trén thiét bi kinh hién vi dién tir quét ISM-6510LV
tai Vién K7 thuat n}}iét ddi. Bé mat soi duge phi mot 16p bac mong bang phuwong phap boc hoi
trong chan khong dé tang d6 tuong phan.

2.2.6. Phan tich nhiét trong luwong (TGA)

Phan tich nhiét TGA dugc thuc hién trén thiét bi TGA20911 tai Vién Ki thuat nhiét d6i. Mau
dugc dung trong chén platin, gia nhiét vdi toc do 10 °C/phut trong moi truong khong khi tir nhiét
d6 phong dén 600 °C.
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3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia chit xiic tic dén qua trinh trung hop ghép
3.1.1. Ham lwong gel ciia san pham
Anh huéng ctia loai chét xuc tic dén ham luong gel ctia san pham duoc tong hop trong hinh 1.
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Hinh 1. Anh hudng ciia ham leong chat xiic tac dén ham heong gel san pham.

Két qua nghién ctru cho thiy, voi ca hai loai chit xuc tac thi ham luong gel (hiéu suét phan
{ng) ting khi ham lugng chat xiic tac ting dén mot gi tri toi han (1.5% voéi KPS va 1.25% voi hé
KPS/AAs) sau d6 giam. Diéu nay 1a do khi ting ham luong chat xtc tac, sb luvong gde tu do ting
1én, sb luong cac trung tdm hoat dong trén mach chinh xenlulo tang 1€n do do ting s6 lugng
monome ghép trén chudi xenlulo ddng thoi tang khbi lugng phan tir cia mach ghep [6], hiu suét
phan (g tang. Tuy nhién, khi tiép tuc ting ham lugng chit xuc tac thi hiéu sudt giam. Dleu nay la
do khi ham luong chét xtc tic ting, bén canh ting toc d6 tao gbc tu do thi phan Gmg ngat mach
cac gbe dai phan tir trén soi cling ting dong thoi ting phan tng tao thanh homopolyme, do vay,
hiéu suét phan tmg ghép giam [7]. Tai moi thoi diém thi ham luong gel cua san phdm c6 sir dung
hé khoi mao KPS/AAs ludn cao hon KPS. Ham lugng gel cila san pham dat gia tri 16n nhat khi st
dung hé khoi mao KPS 1a 95.3% & ham lugng 1,5%, hé khoi mao KPS/AAs 1a 98.1% ¢ ham lugng
1.25%. DPiéu nay co thé duoc giai thich 1a do mtrc d6 cling nhu tdc do tao géc tu do ctia mdi hé
khoi mao la khac nhau.

3.1.2. B$ trwong ciia san pham

Anh huéng ctia loai va ham luong chat xtic tic dén do hap thu nude cia san pham trong ca hai
mdi truong nude va dung dich NaCl 0.9% duogc trinh bay trong hinh 2.
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Hinh 2. Anh huong cua vloai va ham luong chat tao ludi dén do hd’p thu nuwéc va NaCl
cua san pham: (a) Str dung hé KPS/Aas; (b) Sir dung hé KPS.
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Két qua hinh 2 cho thdy xu hudng thay d6i do hap thu nudc cua ca hai hé chét xic tac ciing
dién ra tuong tu nhu voi truong hop ham luong gel, do hép thu nudc ting dén mot gia tri ti han
sau d6 giam khi tang ham luong chat xuc tac. Piéu nay ciing duoc giai thich 1a khi tang ham lugng
chat xuc tac, toc do phan tng tao gdc trén mach xenlulo ting, s6 lugng phan tng ghép tang dong
thoi mach ghép dai hon gitp thuan 1gi cho qua trinh tham nhép cua phan tr H2O vao mach dai
phan ti, do hép thy nuoc tang 1€n. Khi tiép tuc tang ham lugng chét xtc tac, dd hép thu nudc giam
do mét sd 1y do nhu ting phan ing ngat mach, ting phan tng hinh thanh homopolyme.

Dua vao d0 thi 2a ¢ thé nhan thiy d6 hap thy nuéc 16n nhat dat dugc khi nong 46 KPS/AAs
la 1.25 (% khdi luong so voi monome). Khi st dung nhiéu chit xuc tac s& tao ra nhiéu géc tu do
hon, sy hinh thanh gel polyme ciing gia tang lam d6 hap thu nudc ting khi ting nong do KPS [3].
bo hép thu nude cua hydrogel trong trudong hop nay dat gia tri lon nhat 1a 320,8 g/g trong nudc
cit va 63,5 g/g trong dung dich NaCl 0,9%. Khi tlep tuc tang nong do KPS tu 1,25 1én 2,0%, do
hép thu nude cia san pham giam tir 320,8 g/g xudng 253,4 g/g trong nudc cét.

Khi thay thé nudc cit bang dung dich NaCl 0 ,9%, su hién dién cua cac ion trong dung dich
xung quanh mang luéi gel polyme cling anh huéng dén tinh chét truong nd cua san pham [4]. Khi
thay doi nong do va cuong d¢ ion thi ap suat tham thiu ciing thay d6i. Cu thé 1a ap sudt tham thiu
s& giam khi tang nong do va cuorng dd ion. Hon niia, khi trong dung dich xuét hién nhiéu ion s&
lam sy tuong tac dién tich gitra ion xung quanh vdi cac ion trong polyme, tir d6 1am giam lyc
truong nd nén giam do hap thu [8]. Vi vay, d6 hap thu nuéc ciia Bio — SAP trong nude cit va trong
dung dich NaCl 0,9% rat khac nhau. Do hép thy nu6c ciia san pham trong dung dich NaCl 0,9%
ciling ting dan va dat 63,5 g/g khi ndng d6 chit xuc tac KPS/AAs duoc ting 1én dén 1,25%, sau d6
d6 héap thu nude c6 xu huéng giam nhe xudng 33,2 g/g khi tiép tuc ting nong d6 KPS/AAs tiép
tuc tang 1én 2,0%.

‘Trong qua trinh dong trung hop ghep sur dung chat xuc tac nhiét KPS, dudi tac dung ctia nhiét,
chat xuc tac tao ra gbc tu do, cac gdc tu do nay tan cong 1én chudi xenlulo, tao ra cac trung tdm
hoat dong trén xenlulo dé bat ddu qua trinh dong trung hgp ghép. Do do, nang sudt ghép phu thudc
rat 16n vao cac trung tim hoat dong duoc tao boi chat xtic tac trén bé mit soi xenlulo [5]. Tuong
tu nhu khi sir dung hé khoi mao oxi hoa khir KPS/AAs, ham lugng chét xtc tic KPS ciing anh
hudng dén do hép thu nudc cia Bio — SAP. Do hép thu trong nudc ct va trong dung dich NaCl
0,9% dat gia tri toi uu lan luot 14 290,7 g/g va 45,9 g/g 6 nong do KPS 1a 1,5%. Khi tang ndng do
chat xuc tac dén 2,0%, do hap thu nudc trong nudc cat va trong dung dich NaCl 0,9% chi dat 265,2
g/g va 39,1 g/g.

Do hép thu nudce cyuc dai trong moi truong nudc cAt va dung dich NaCl 0.9% cua san phém khi
st dung hé khoi mao KPS/AAs 1a 320,8 g/g va 63,5g/g, cao hon so véi sit dung hé KPS (tuong
ung 14 290,7 g/g va 45,9 g/g).

3.1.3. Tinh chit co Iy ctia san pham

Anh huéng ctia loai va ham lugng chat xtic tac dén tinh chat co 1y ciia san pham dugc danh gia
qua do bén kéo dut va do dan dai khi dat. Két qua duoc trinh bay trong hinh 3.

Két qua nghién ctru cho thay loai va ham luong chat xuc tac co anh huong dén do bén kéo va
d6 dan dai khi dut caa san pham qua trinh tring hop ghép AM 1én xenlulo. Khi xét anh huéng cua
néng dd chat xac tac, véi ca hai hé khoi mao, do bén co ly déu tdng dén mot gia tri nhat dinh va
dat gi4 tri 10n nhét sau d6 giam nhe. Diéu nay 1a do, khi ting ndng do chét xuc tac tir 0-1.25 (v6i
chat xuc tic KPS/As) va 1.5% véi chit xtic tac KPS, 1am ting toc do phan tmg tring hop ghép do
do6 trong lugng phén tu polyme tang lam tang tinh nang co ly cia vét liéu. Tuy nhién, khi ham
lwong chat xic tic quéa cao s& 1am ting téc dd ngdt mach do va cham ludng phan tr, 1am giam
trong luong phén tir polyme, do do, lam giam tinh chat co 1y cta vat liéu [9]. DO bén kéo dirt ciia
san phdm dat gi4 tri 16n nhét 1a 162.8 kPa ting voi 1.25% chét xuc tac KPS/AAs va 1a 148.6 kPa
g v6i 1.5% chét xic tac KPS. Trong khi d6, d6 dan dai khi dit & cac mau tuong ung trén lan
luot 12 31.8% va 31.2%.
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Hinh 3. Anh hudng ciia ham heong chat xiic tac dén tinh chat co Iy ciia san pham.
3.2. Pic trung tinh chit sin phim
3.2.1. Tinh chat nhiét

Gian db phan tich nhiét trong luong cua mau xenlulo ban ddu va mau vat liéu Bio — SAP ¢6 sir
dung chat xuc tic KPS/AAs dugc thé hién ¢ hinh 4.
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Hinh 4. Gian do TGA ciia méau xenlulo ban dau va mau vit liéu Bio-SAP

Két qua cho thay ddi voi ca hai mau, qua trinh mat khdi luong theo nhiét do déu dién ra qua 3
giai doan chinh. Giai doan déu tién (tir nhiét d6 phong dén 200 °C), mat khéi lugng khoang 6% 1a
do qua trinh mat cua cac hop chat bay hoi va 4m hip thu 1én vat liéu. Giai doan thir 2 trong khoang
200 - 400 °C, mét khéi lwong trong khoang 50-60% 1a do qua trinh khir nuéc cia vong saccarit
trong xenlulo [10] va phan huy polyacrylamit thanh NH3 [11]. Giai doan phan huy thir ba (nhiét
dd > 400 °C) 1a giai doan phan hity mach chinh va ciu tric tao lu6i cua hydrocacbon [12]. Ngoai
ra, co thé the”iy nhiét d§ & giai doan phan huy cuc dai cua xenlulo ban dau 1a 304 °C va tang 1én 334
°C véi miu xenlulo-g-AM (Bio-SAP). Diéu nay ching to6 miu Bio-SAP c¢6 do bén nhiét cao hon
so v6i miu xenlulo ban dau
3.2.2. Hinh théi hoc bé mdt

Két qua phan tich hinh thai hoc bé mit soi trudc va sau khi ghép dugce trinh bay trong hinh 5.
B& miit soi trude khi ghép c6 bé mit thd, khong bang phang Sau khi ghép, bé mit soi gan nhu
dugc che phu boi polyacrylamit. Polyme ndy dugc gan trén bé mit soi nho lién két hoa hoc. Piu
nay cho thiy phan tng tring hop ghép da xay ra. Kich thudc soi sau khi ghép ciing 16n hon so voi
soi ban dau.

Furnace temperalure PG 0 0 00 0 40 500 0 00 Fumace
L L L L L L

(a) Glan do T GA cua xenluloza ban dau
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Hinh 5. Hinh thai hoc bé mdt ciia (8) soi xenlulo, (b) soi xenlulo ghép AM.
4. KET LUAN

Vat liéu Bio-SAP da duoc téng hop thanh céng trén co s& soi xenlulo thu dugc tir sgi rom.
Trong nghién ciru c6 st dung hai hé chat xtic tac khac nhau la hé KPS/AAs va KPS. Khi so sanh
hai hé chét xuc tac KPS va KPS/AAs cho théy ham lugng phén gel, do ha"ip thu nudce cuc dai va do
bén co ly cta mau sir dung hé chét xutc tac KPS/AAs 1a cao hon so véi hé KPS. Ngoai ra, xét vé
van dé nang lugng, viéc st dung hé khoi mao KPS/AAs (trung hop ¢ diéu kién nhiét d6 30 °C)
cho nhiéu thuan loi hon so voi hé khoi mao nhiét KPS. Ham lugng chat xuc tac KPS/AAs téi uu
1a 1.25% khbi luwgng so voi monome. Vit li€u Bio-SAP thu dugc c6 cac dac trung tinh chit: ham
luong gel 98.1%, d6 hap thy nudc trong méi trudng nude cat 320.8 g/g, nude mudi sinh 1y 63.5
g/g, d6 bén kéo dirt 162.5 kPa va do dan dai khi dut 31.8%.

Loi cdam on: Cong trinh nghién cteu nay dwoc thwe hién voi sy hé tro kinh phi cua So Khoa hoc va
Cong nghé Ha Ngi thong qua dé tai 01C-03/2019-3.
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ABSTRACT

THE SYNTHESIS OF A WATER SUPERABSORBENT MATERIAL FROM STRAW FIBER:
THE EFFECT OF THE CATALYSTS

The superabsorbent material (Bio-SAP) from cellulose were synthesized by graft
polymerization of acrylamide onto cellulose using N,N'-methyl bisacrylamide (MBA) as the
cross-linking agent. In this study, two different catalyst systems were used: potassium
persulfate (KPS) and potassium persulfate/ascorbic acid (KPS/AAs). The effect of catalyst
type and catalyst content on polymerization such as gel content, mechanical properties,
water absorption and thermal properties of the products were studied. When comparing two
catalyst systems KPS and KPS/AAs, it showed that the gel content, maximum water
absorption and mechanical strength of samples obtained by using KPS/AAs catalyst system
are higher than that of KPS. The optimal KPS/AAs content is 1,25% by monomer weight.
Finally, Bio-SAP materials with KPS/AAs catalyst have some characteristics: gel content is
98.1%, water absorption in distilled water is 320,8 g/g and in saline is 63,5 g/g, tensile at
break strength 162,5 kPa and elongation at break 31,8%.

Keywords: Superabsorbent polyme; Acrylamide; Cellulose; Graft copolymer.
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