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TOM TAT

Dong tring hop ghép acrylonitrile (AN) 1én carboxymethyl cellulose (dugc didu ché tir
cdy luc binh) trong méi trudng nudce va trong khi quyén nito duoc nghién ctru véi viéc st dung
chat khoi mao potassium persulfat (KPS). Phan tmg dugc dung lai bang cach thém
hydroquinone. HAn hop san pham duoc loc va rira dé tach loai monomer du va céc tap chat
khac. Dé loai bo homopolymer, san phdm duoc chiét soxhlet vai ethanol trong 24 gio, sau do
sdy & 60 °C dén khdi luong khong ddi. Sy ton tai ciia san pham ghép duge xac nhan qua phd
hong ngoai (IR), anh kinh hlén vi dién tor quét (SEM). Cac yéu té anh huong dén hiéu sut
ghép (Ge) va ty 1é ghép (Gy) gdbm: khdi lwong monomer, nong d6 chat khoi mao va thoi gian
phan tmg da duoc nghién ciru. Viéc t6i wu hoa cac thong s6 cho san pham vai hiéu suat ghép
dat 97,17% va ty I¢ ghép dat 696,48%.

T khoa: Carboxymethyl cellulose, acrylonitrile, potassium persulfat, copolymer ghép, cay
luc binh.

1. PAT VAN PE

Cellulose 1a mét trong nhitng polysaccharide phé bién nhat trong tu nhién dugc phat
hién, sir dung va nghién ciru tir rit som. Cellulose c6 gia thanh théap, c6 thé tai sinh, c6 kha
ning phan huy sinh hoc va 1a vat liéu thd hitu co nhiéu nhat trén thé gidi. Tuy nhién, bén
canh nhing wu diém, cellulose tu nhién ciing c¢6 ton tai mot s nhuge diém nhu: tinh chét co
ly, kha nang chong chiu tac dong cua vi khuan, chéng chiu ma sét, kha ning trao d6i ion va
hap thu kim loai ning con thip, didu nay lam han ché kha niang ung dung cua cellulose. Vi
vay, di c6 nhitng nghién ctu bién tinh cellulose nhim nang cao kha ning sir dung ciia chung,
nhu: tao lién két cac phan tir cellulose véi ether hoic ester, phan huy mach cellulose. ..

Gan déy, phuong phap duoc dic biét quan tam 13 tao nhanh trén phan tir polymer nho
qué trinh dong trung hop ghép cellulose (hoic san pham bién tinh so cip cua cellulose) voi
cac vinylmonomer. San pham ghép duoc tng dung nhiéu trong cac linh vuc xu 1y moi
truong, phan bon, hoa chit noéng nghiép. Nam 2008, Khullar et al. di ghép thanh cong
acrylonitrile 1én cellulose tir tre v6i higu suat dat 97% [1]. Nam 2012, Mohammad Sadeghi et al.
trung hop ghép Methacrylamide 1én carboxymethyl cellulose vai ty I¢ ghép dat 632% [2].

Trong nghién ciru nay, copolymer ghép carboxymethyl cellulose-polyacrylonitrile
(CMC-PAN) duoc tong hop tir xac cay luc binh (thuc vat hoang dai rat phé bién), qua do
gidi thieu mot sb két qua thu duoc khi nghién ctu phan ung ddng trang hop ghép
acrylonitrile 1én CMC vdi tac nhan khoi mao KPS, gop phan tao ra vat lidu mai tir cellulose.
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2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u va héa chat

Vi soi cellulose dugc ché tao tr xac cdy luc binh, sodium hydroxide (Merck),
monochloroacetic acid (Merck), acrylonitrile (Merck), potassiumi persulfat (Merck),
hydroquinol, ethanol, dimethylsunfoxit (DMSQO).

2.2. Phwong phap nghién ctru

2.2.1. Tong hop CMC

Cho 6,4 g vi sgi cellulose (dang bot) + 200 mL ethanol + 40 mL dung dich NaOH 30%
vao binh phan tng. Tién hanh kiém hoa trong thoi gian 2 gio ¢ nhiét ¢ 80 °C khuay lién
tuc. Sau khi kiém hoa cellulose, cho tiép vao binh 1,5 g monochloroacetic acid va tiép tuc
khudy trong 3 gio [3].

2.2.2. Trung hop ghép acrylonitrile véi CMC

Cho CMC thu duoc ¢ trén vao binh cau ba ¢6 chira san dung dich K,S,0g c6 nong do
nhét dinh, suc khi nito d& dudi oxy va khudy trong 1 gio, & nhiét d6 c6 dinh 30 °C, theo ty 18
ran/long 1a 1/30 (g/mL). Sau d6 thém monomer (acrylonitrile) vao hdn hop, tiép tuc suc khi
nito va khudy & nhiét do, thoi gian nhat dinh. Tai nhiing thoi diém xac dinh, phan ung duoc
dirng lai bang cach thém 1 mL dung dich hydroquinone 1% [4].

San pham ghép acrylonitrile duoc két tua trong ethanol, loc lay két tua, rira sach bang
nuéc cat. Bé loai bo homopolymer khoi copolymer, san phim ghép dugc chiét soxhlet véi
ethanol trong 24 gio, sau d6 két taa lai trong ethanol va siy khd & nhiét do 60 °C dén khbi
luong khong doi thu san pham copolymer ghép.

Ty 1& ghép (Gy) 1a ty 1& % khdi luong acrylonitrile ghép vao phan tir sgi CMC so voi
khdi lugng CMC ban dau; hiéu suat ghép (Ge) 1a ty 1é % khdi lwong caa acrylonitrile phan
g ghép vao CMC so véi khdi lugng acrylonitrile phan wng, dugc tinh theo cong thuc:

ml1l-mo0 m1l-mO

— X 100% GE =
Trong d6: m0: khdi luong (g) cia CMC ban dau;

GY = X 100%

m1: khdi lwong (g) cua polymer ghép;
m2: khéi lwong (g) cua acrylonitrile phan tng.
2.2.3. Phuong phdp phan tich cau triic héa hoc ciia copolymer ghép
Céu trac hoa hoc cua polymer duoc khao sat bang phé‘héng ngoai IR (Equinox 55-
Bruker, Ptrc). Hinh thai hoc ctia copolymer dugc xac dinh bang kinh hién vi dién tir quét
(SEM-JEOL-JSM-7401F).
2.2.4. Phuong phdp khdo st anh hwéng Ciia cdc yéu té dén qud trinh dong trimg hop ghép

Anh huong cua thoi gian dén qua trinh ghép: Dong tring hop ghép véi céc khoang thoi
gian khéc nhau tir 90 dén 180 phut.

Anh hudéng ham luong chét khoi mao dén qua trinh ghép: Khéi lugng chit khoi mao
thay doi tur 0,5 dén 1,2 g.
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_) Anh huong cua khéi lwong monomer dén qua trinh ghép: Khéi lwong monomer thay
doi tr 0,5dén 1,2 g.

Dé danh gia chinh xac va toan dién hon vé anh huong cua ting yéu té nong do chat
khoi mao, monomer va thoi gian phan tng cting nhu anh huong ddng thoi cua cac yéu té nay
dén hiéu suat ghép va ty 1& ghép, phuong phap quy hoach thuc nghiém theo mé hinh truc
giao bac 2 cua Box-Wilson di duoc ap dung [5]. Ham muc tiéu duoc tdi wu hoa bang phan
mém quy hoach thyc nghiém Design Expert (DX7) theo phwong trinh hdi quy bac 1 [6]:

Y =b, +sz +ZbeUZZ
i= j=l

Trong d6: Y 1a gia tri muc ti€u (Gy va Gg, don vi %); Zi va Zj 1a cac yeu to anh huong
doc lap dugc ma hoa (i # j); by, bj va bj la cac h¢ sb Cua phuong tr1nh va k 1a s6 cac yéu to
anh huong (k = 3). O déy, cac mirc gigi han ddi véi yéu to anh hudng theo phuong phap quy
hoach thuc nghiém dugc trinh bay & Bang 1.

Qua trinh t6i wu héa ham muc tiéu duoc thyc hién qua viéc v& do thi dang bé mat, phan
tich phuong sai (analysis of variance - ANOVA) va phan tich phuong trinh hoi quy.

Bang 1. Gi4 tri ciia cac yéu td anh huong tai cac giéi han thuc nghiém

o Muc gigi han
Y¢Eu to anh hudng Ky hiéu
-1,68 -1 0 +1 +1,68
Khéi lugng chét khoi mao (g) Z 0,26 0,5 0,85 1,2 1,44
Khéi luong monomer (g) Z, 0,26 0,5 0,85 1,2 1,44
Thoi gian ghép (phut) Zs 59,32 90 135 180 | 210,68

3. KET QUA VA THAO LUAN
3.1. Céu triic va hinh thai san pham
3.1.1. Cdc phé héng ngoai

Phé hdng ngoai cua O-carboxymethyl cellulose dirgc mé ta trén Hinh 1. Quan sat phd
IR cua O-carboxymethyl cellulose cho thiy co6 tit ca cac dai hap thu quan trong nhit dic
trung cho cellulose ban ddu nhu 3200-3600, 2961, 1635, 1074, 607 cm™. Dai hip thu
3300-3500 cm™ dic trung cho dao dong hoa tri ctia cac nhom hydroxyl (OH). Piéu d6 cho
thdy, trong phan tir O-carboxymethyl cellulose dang con cac nhém OH chura bi acetyl hoa. Tuy
nhién ¢ day, ving hap thu dic trung cho dao dong héa tri ctia lién két O-H trong cic nhom
hydroxyl (OH) khong rong nhu trong ph6 hdng ngoai cia cellulose (ving 3200-3600 cm™) ma
da hep lai rat nhidu (3300-3500 cm™). Dic biét, su xuat hién cia mot dinh hap thu méi voi
cuong d6 manh ¢ 1735 cm™ dac trung cho dao dong hoa tri cua lién két doi C=0 trong nhom
—C(=0)0-. Cac dir ligu d6 da chang minh rang, phan ung giita cac nhom hydroxyl bac 1
trong phan tir cellulose vai monochloroacetic acid tao thanh O-carboxymethyl cellulose.
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Hinh 1. Phé IR cua carboxymethyl cellulose

Phd hong ngoai ctia copolymer ghép CMC véi acrylonitrile dugc mo ta trén Hinh 2. Dit
liéu IR cho thiy ngoai cac dai hap thy dic trung cho carboxymethyl cellulose: 3200-3600,
2935, 1738, 1631, 1060 cm™ con xuét hién dinh hip thu manh & 2245 cm ™ dic trung cho
dao dong hoa tri cia nhém CN trong copolymer ghép CMC-PAN
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Hinh 2. Phé IR cua copolymer CMC-PAN (carboxymethyl cellulose-polyacrylonitrile)

3.1.2. Anh SEM

Hinh thai hoc bé mat cua copolymer ghép duoc mo ta trén Hinh 3. Anh SEM chup bé
mat CMC-PAN cho thiy cac hat PAN két tu trén bé mit cac bé sgi CMC véi kich thude nho
1am cho bé mit tré nén xdp hon, ddi véi phan lignin con lai trén bé mit soi thyuc vat khong
xuat hién cac hat PAN két ty.
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Hinh 3. Anh SEM chup bé mat caa CMC-PAN

3.2. Két qua khao sat anh hwéng caa cac yéu té dén ty I& ghép va hiéu suit ciaa phan
rng trung hop ghép
Phan tmng trung hop ghép duogc thuc hién ¢ cac didu kién khac nhau vé ndng d6 chét
khoi mao, monomer va thoi gian phan tmg theo theo mo6 hinh thuc nghiém truc giao bac 2
cua Box-Wilson. Két qua thu duoc & Bang 2 cho thay hiéu suit Ge dao dong trong khoang
61,68-97,17% va ty l¢ ghép Gy nam trong khoang 142,42-665,71%. Két qua nay phtt hop véi mot sb
nghién ctru hién nay trén thé gidi vé phan tmg tring ghép vinylmonomer 1én cellulose [1, 2, 7, 8].

Bang 2. Bang quy hoach thyc nghiém va két qua thyc nghiém thu duoc

STT Z; Z, Z3 Ge (%) Gy (%)
1 -1 -1 -1 66,56 202,95
2 +1 -1 -1 75,39 239,00
3 -1 +1 -1 70,82 232,91
4 +1 +1 -1 86,12 148,78
5 -1 -1 +1 97,17 205,87
6 +1 -1 +1 86,12 242,00
7 -1 +1 +1 61,68 226,83
8 +1 +1 +1 73,11 416,05
9 -1,68 0 0 79,12 211,76
10 +1,68 0 0 68,83 278,95
11 0 -1,68 0 86,57 170,59
12 0 +1,68 0 69,74 779,41
13 0 0 -1,68 62,67 142,42
14 0 0 +1,68 89,80 377,14
15 0 0 0 86,17 660,61
16 0 0 0 86,62 665,71
17 0 0 0 86,56 663,64

3.2.1. Ti wu héa hiéu suat ghép

Phén tich su phu hop va y nghia cua mé hinh dugc danh gid qua phén tich ANOVA. Sy
6 nghia cta cac h¢ s6 hoi quy dugc kiém dinh boi chuan F, voi cae gia tri p < 0,05 cho biét
cac hé s6 hoi quy c6 y nghia.
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Két qua phan tich ANOVA cac yéu té anh huong dén higu suét ghép (Ge) cho thay gia

ri “Model- F-value” la 4,06, nén m6 hinh hoan toan c6 y nghia thong ké véi do tin cay

97 ,48%. Cac yeu t6 khdi lugng monomer, thoi gian phan tmg, tuong quan gitra thoi gian

phan tmg va khi luong monomer déu co gia tri p < 0,05 cho biét tung yéu té nay cing

tuong tac voi nhau va déu cé y nghia. Diéu nay dwoc minh hoa 15 hon khi quan sat bé mat

dap ung ¢ Hinh 4. O day, miéu ta anh huong cua ting cap hal yéu t6 1én két qua cia ham
muc tiéu va yéu té con lai duoc gitr ¢d dinh & mic gisi han géc.

Tu cac gia tri phan tich c6 nghia trén, phan mem DX?7 da dwa ra duoc mé hinh tuong
quan theo muc d6 thuc cua cac bien doc lap (nhan t6). Phuong trinh hoi quy theo mue do
thuc cia cac bién doc 1ap nhu sau:

Ge (%) = 15,7801 + 1,8440Z, + 29,9831Z, + 0,6940Z5 + 29,5408Z:Z,  0,1885Z,Z; — 0,5039Z,Z (1)

T
A: khoi mao 050 1.20

(a) Duéi tac dong cua khdi lwong monomer tuwong tac voi khdi lwong chat khoi mao

Design-Expert® Software
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(b) Duéi tac dong cua thoi gian phan tmg twong tac v6i khéi lugng chét khoi mao

Design-Expert® Software
GE
9717
61.68
X1 = B: monome
X2 = C: thoi gian

Actual Factor
A khoi mao = 0.50

180.00

1250 C: thoi gian
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(c) Duéi tac dong cua thoi gian phan g tuong tac vai khdi lugng monomer

Hinh 4. Db thi bé mat dap wng cua hiéu suat ghép
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D6 thi cho thay hiéu suat ghép giam manh khi ham lugng monomer giam tir 0,85 g
xudng 0,5 g va thoi gian phan ng tir 90 phut dén 135 phut. Tir phuong trinh (1) thu duoc,
phan tich t6i vu héa nham xac dinh diéu kién dé c6 hiéu suat ghép 16n nhat. Két qua tbi uu
hoa cho cac phuong 4n véi mirc @ mong mudn (Bang 3). Cac phuong an cho dd mong
muén tuong dwong nhau véi gia tri hiéu suat ghép co thé dat duogc 1 97,17%.

Bang 3. Cac phuong 4n tbi wu cho hiéu suat ghép

STT | Chat khoi mao (g) | Monomer (g) | Thoi gian (phut) | Gg (%) | Mic @6 mong mudn

1 0,76 0,50 179,99 97,17 100
2 0,54 0,58 179,43 97,17 100
3 0,51 0,51 168,71 97,17 100

3.2.2. T6i wu héa ty 1é ghép

Tir cac s6 lidu thu duoc, mo hinh twong quan giita ty 18 ghép (Gy) vai khdi lugng chat
khoi mao, khdi lwong monomer, thoi gian phan tng duoc xay dyng va thé hién & phuong
trinh (2). Két qua phan tich théng ké ANOVA cho thay, mé hinh tuong quan cé y nghia
thdng ké (p = 0,0012). Cac hé s6 trong mé hinh bao gdm cac hé s6 tuyén tinh, hé s tuong
tac va hé sd bac 2. Phuong trinh hdi quy theo mirc d6 thuc cua cac bién doc lap nhu sau:

Gy (%) = -2087,2627 + 1996,3501Z, + 1070,7396Z, + 18,5165Z; + 33,5816Z,Z, +
2,1701Z,Z; + 2,0260Z,Z; — 1327,7224Z,% — 664,9324Z,* — 0,0778Z5° (2)

Két qua phan tich ANOVA céac yéu té anh hudng dén ty 16 ghép cho thy gié tri “Model
F-Value” 12 3,99 nén mo hinh hoan toan c6 y nghia thong ké vai do tin cay 95,91%. Cac yéu
t6 Z,, Z; binh phuong va Zs binh phuong c6 gia tri p < 0,05 cho biét cac yéu té nay c6 ¥
nghia va c6 anh huong dén gia tri ham Gy. Chuan F cua “su khong tuwong thich Lack to Fit”
ctia md hinh 14 3567,08 (p < 0,0003) diéu d6 ching to mé hinh ¢6 0,03% khong twong thich
véi thuc nghiém. Két qua cho thay, cac yéu t khéi lugng monomer, mdi twong quan khéi
lwong chit khoi mao va khdi lwong monomer déu anh huong dén ty 1é ghép Gy.

D6 thi bé mat dap tng thé hién mdi lién quan gitta cac yéu t6 thé hién ¢ Hinh 5.

Dua trén md hinh xay dung duoc, phan tich t6i wu hoa qua trinh ghép nham dat duoc ty
Ié ghép tdi da. Két qua phan tich thu dwgc mot phuong an cho gia tri ty 1¢ ghép 1a 698,06% &
diéu kién phan @ng: 0,88 g chit khoi mao, 1,05 g monomer va thoi gian phan tng la
144,99 phiit vi mic 6 mong mudn 1a 0,872. Tién hanh kiém tra mé hinh bang thi nghiém
kiém ching tai cac diéu kién ti wu, két qua cho ty 1& ghép dat 696,48%.
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(c) Duéi tac dong cua thoi gian phan mg tuong tac vai khdi lugng monomer

Hinh 5. Db thi bé mat dap Gng cua ty 18 ghép
4. KET LUAN

Nghién ctru da thyc hi¢n thanh cong phan tng trung hop ghép acrylonitrile 1én
carboxymethyl cellulose (dwoc diéu ché tir cay luc binh) bang chat khoi mao K;S,0g, hiéu
suit va ty 1 ghép cao nhit twong ung dat duoc: Ge = 97,17% va Gy = 696,48%. Cau trac hoa
hoc va hinh thai cta copolymer da dugc khao sat bang phd hong ngoai, anh SEM.

Anh huéng ciia ham luong chét khoi mao K;S,0s, ham lurong monomer va thoi gian téi
ty 16 ghép va hiéu suét ghép duoc khao sat bang phuong phép quy hoach thyc nghiém theo
mb hinh thyc nghiém truc giao bac 2 ciia Box-Wilson. Két qua phan tich ANOVA cho thiy
sy phu hgp va cé y nghia cia mé hinh vai thyc nghiém.
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Téi uu hoa ham muyc tiéu bang phan mém quy hoach thuc nghiém Design Expert (DX7)
da thu dugc phuong trinh hoi quy md ta sw phu thudc cua hiéu suat ghép (Ge) va ty 1€
ghép (Gy) véi ham lugng chat khoi mao, ham lugng monomer va thoi gian phan ng.

TAI LIEU THAM KHAO

Khullar R., Varshney V. K., Naithani S., Soni P. L. - Grafting of acrylonitrile onto cellulosic
material derived from bamboo (Dendrocalamus strictus), Polymer Letters 2 (2008) 12-18.

Mohammad Sadeghi, Nahid Ghasemi and Fatemeh Soliemani. - Graft copolymerization
methacrylamide monomer onto carboxymethyl cellulose in homogeneous solution and
optimization of effective parameters, World Applied Sciences Journal 16 (1) (2012) 119-125.

Kasinee Hemvichian, Auraruk Chanthawong, Phiriyatorn Suwanmala. - Synthesis and
characterization of superabsorbent polymer prepared by radiation-induced graft
copolymerization of acrylamide ontocarboxymethyl cellulose for controlled release of
agrochemicals, Radiation Physics and Chemistry 103 (2014) 167-171.

Thakur V. K, Thakur M. K., Gupta R. K. - Graft copolymers from cellulose: Synthesis,
characterization and evaluation, Carbohydrate Polymer 97 (1) (2013) 18-25.

Nguyén Canh - Quy hoach thuc nghiém, NXB Dai hoc Bach khoa TP. H5 Chi Minh, 1993.

Zivorad R. Lazié¢ - Design of experiments in chemical engineering: A practical guide,
Wiley-VCH (2004) 620p.

Hongliang Kang, Ruigang Liu, Yong Huang - Graft modification of cellulose: Methods,
properties and applications, Polymer 70 (2015) A1-Al6.

Fang Yang, Gang Li, Yan-Gang He, Feng-Xia Ren, Gui-xiang Wang. - Synthesis,
characterization, and applied properties of carboxymethyl cellulose and polyacrylamide graft
copolymer, Carbohydrate Polymers 78 (1) (2009) 95-99.

ABSTRACT

SYNTHESIS AND CHARACTERIZATION OF GRAFT COPOLYMER
OF CARBOXYMETHYL CELLULOSE-POLYACRYLONITRILE
FROM WATER HYACINTH (Eichhornia crassipes)

Nguyen Cao Hien*, Nguyen Van Phuc, Tan Van Hau
Ho Chi Minh City University of Food Industry
*Email: hiennc@cntp.edu.vn

The graft copolymerization of acrylonitrile (AN) onto carboxymethyl cellulose (from
water hyacinth) by potassium persulfate (KPS) in aqueous medium and under nitrogen
atmosphere has been studied. The reaction was terminated by an addition of hydroquinone.
The mixture was filtrated and washed to remove unreacted monomer and residual additives.
The graft product was extracted with ethanol in a soxhlet apparatus for 24 hours for removal
of homopolymer and dried at 60 °C until a constant weight was attained. Scanning electron
microscope image (SEM) and infrared (IR) spectroscopy were used to confirm the graft
copolymer formation. The effects of various reaction conditions such as monomer content,
initiator concentration and reaction time on the graft yield (Gy%) and graft efficiency (Gg%)
were investigated. The optimization of necessary parameters could yield the product with the
percentage of graft yield (Gy) of 97.17% and graft efficiency (Gg) of 696.48%.
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