Nghién ciru khoa hoc cong nghé

NGHIEN CUU ANH HUONG CUA THANH PHAN CAC TAC NHAN
PHAN UNG PEN HIEU SUAT GHEP‘ACRYLAMIT LEN XENLULOZO
THU PUQC TU SQI ROM

Hoang Thi Phuong’, Tran Vii Thing

Tém tit: Trong bai bdo ndy, nhém nghién ciru da nghién ciru dwoc dnh hwéng cia kich
thuoc soi xenlulo, néng do acrylamit (AM), ty 1é monome/soi va n(;ng dé chat xiic tac
trong qua trinh trung hop ghép polyme trén xenlulozo da thu dwoc tie rom ra. Vat liéu nay
dwoe ddc trung boi phé FTIR, phdn tich nhiét trong lwong (TGA) va phwong phdp SEM.
Két qua thu dwoc cho thdy san pham ghép c6 dg bén nhiét cao hon so véi sgi ghép. Hinh
danh SEM da cho thdy qud trinh ghép acrylic dién ra trén soi xenlulo véi hiéu sudt ghép (%
GY) = 35,2%, hiéu qud ghép (% GE) = 29,4% va tong phan tram chuyén doi (% TC) =
89,9%. Do do, kich thuoc soi la 0,2 cm, acrylamit voi n5ng do = 1,5 M, ty I¢ monomelsoi
= 2,5q/g va nong dg chat khoi mao = 0,083 M da dwoc chon cho qud trinh ghép acrylamit
voi xenlulozo thu dwoc tir rom ra.

Tir khéa: Acrylamide; Trung hop ghép; Xenlulozo; Rom ra.
1. MO PAU

Xenlulozo 14 thanh phan chii yéu cuia cac loai soi thuc vat va 1a mot trong nhitng polyme tur
nhién phong phti nhat, c6 vai trd quan trong trong su phét trién cta cac linh vuc cong nghiép nho
tinh da dang cung v6i kha nang phan huy sinh hoc va kha nang tai st dung cua ching. Tuy
nhién, xenlulozo ciing c6 mdt s6 nhuoc diém nhu: Tinh chat co 1y thap, kha ning chong chiu vi
sinh vat kém [1]. Chinh vi vay da co nhiéu phuong phap dugc tap trung nghién ctru nham bién
dbi cau trac vat Iy va hoa hoc cua xenlulozo, ting cudng cac tinh chit mong muén nhu tao mang
lién két cac phan tir xenlulozo vdi ete hodc este, va dac biét 1a tao nhanh trén phan tir xenlulozo
nhd qua trinh tring hop ghép. Cau tric xenlulozo tw nhién s& chuyén tir dang mach thang sang
mach phén nhanh kém theo d6 la mot loat cac tinh nang méi xudt hién. Thong qua do, ta co thé
bién d6i nhimg tinh chat 1y, hoa hoc ban dau cua polyme can Iya chon ma khong lam thay dbi bat
ky tinh chit nao khac nhim mo rong kha ning sir dung, cai thién mot s6 tinh chat ma xenlulozo
tu nhién chwa dép tmg dugc. Phuong phéap bién tinh xenlulozo ty nhién bang quéa trinh dong
trung hop ghép sur dung tac nhan xuc tac hoa hoc da va dang dugc cac nha nghién ciru dac biét
quan tdm. Phan (mg ghép vinyl monome 1én xenlulo duoc thuc hién phd bién véi acrylamit va
acrylic axit. Trén co s& xenlulo thu dugc tir rom laa mi, cac polyme siéu hap thu nudc dugce tong
hop bang cach ghép acrylic axit hodc acrylamit 1én xenlulo trong sy c6 mit cia chit xuc tac
kalipersunfat va chat tao lugi N,N’-metylenbisacrylamit [3-7].

Trong qua trinh ghép, cac monome dugc lién két hoa tri va tring ‘hop vao chudi polyme. Qua
trinh ghép c6 thé mat vai phut, vai gio hoic tham chi 1a vai ngay dé hoan thanh. K thuat ghep
thong thuong 1a bang xuc tac hoa hoc, c6 thé tién hanh theo hai cach: Tring hop ion va goc tu
do, thuong st dung hai monome phd bién Ia axit acrylic hodc acrylamit. Trong qua trinh nay, vai
trd ciia chat xuc tac la rat quan trong vi nd quyét dinh huéng ghép ctia qua trinh. Dé tién hanh
qué trinh ghép can phai chon mét hé xtic tic phu hop va mang lai hi¢u qua ghép cao. Trong sO
cac chit xuc tac str dung thi kali persulfat, ascobic axit 1a cac tdc nhan dé kiém, ré tién va phu
hop v6i muc tiéu dit ra 13 tao san phdm ghép co gia thanh ha. Diéu nay cho phép phat trién cac
san phdm méi trén co s xenlulozo véi cac tinh chéat wu viét hon so voi xenlulozo théng thudng.

Pé tan dung nguon phé phu pham ndng nghiép dang rat doi dao hién nay nhu rom ra, vo trau,
X0 dra,... lam nguén cung cap xenlulozo cho viée ché tao polyme siéu hap thu nude dang 1a mot
huéng nghién ctru d4y moi mé hién nay. Trong nghién ctru ndy, chung toi sir dung kali persulfat
lam chét xtc tic cho qua trinh trung hop ghép acrylamit 1én xenlulozo thu dugc tir soi rom. Anh
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hudng cta thanh phin cac tac nhan phan tmg s& duoc khao sat théng qua sy thay d6i hidu suat
ghép khi thay dbi kich thudc soi, nong do acrylamit, ty 16 monome/sgi va nong do chét xic tac.
Céc tinh chét ciia san pham ghép duoc danh gia: hinh thai hoc bé mat soi (anh SEM), phd FTIR,
phan tich nhiét trong luong (TGA).

2. HOA CHAT, THIET BI VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Soi xenlulozo thu dugc tir sgi rom: kich thude tir 0,05 dén 0.25 cm, ham lugng xenlulozo:
82,15%; ham lugng lignin 3,25%; ham lugng hemixenlulozo 7,47%. Kali persunphat (K,S,0g),
bot tinh thé mau trang, do tinh khiét >99%, Merck (Dirc). Acrylamit (C3HsNO), bot tinh thé mau
tring, khoi luong riéng 1,13 g/em® d6 tinh khiét >99%, Merck (Pirc). Hydroquinone
(CsH4(OH),), d = 1,3 g/cm® 1a san phdm thuong mai cta Trung Quédc. Nudc cat: Str dung nude
cat hai lan, binh chtra Nito.
2.2. Phuong phép tién hanh
2.2.1. Ghép acrylamit lén xenlulozo thu duwoc tie rom ra

Phan tng tring hop ghép duoc thyc hién trong binh ciu 3 ¢6 dung tich 250 ml dugc lap nhiét
ké, thiét bi suc khi nito, phéu nho giot va sinh han hoi luu. 2 g s¢i xenlulozo thu dugc tir rom ra
(da xir 1y kiém, kich thudc khac nhau) duoc ngam trong binh phan tmg c6 chira 50 ml nudc cét
cung voi mot lugng chét xuc tac KPS c6 néng d6 xac dinh, suc khi N, dé dudi oxy, gia nhiét 1&€n
60 °C va khudy déu trong 60 phtt. Sau khi thém monome (acrylamit — AM), hdn hop duoc suc
khi N,, khudy va gia nhiét dén 75 °C (dun hdi luu), bat ddu qué trinh trung hop ghép. Sau 180
phiit, phan tng duoc dimg lai bang cach thém 1ml hydroquinon. San pham sau phan tng dugc
ngam trong nudc trong vong 72 gi¢ dé tach monome cua acrylamit du, sau d6 loc rira san pham
bang nudc cat. De loai bé homolyme, san pham ghép dugc. chiét Soxhlet bang nudc cit trong 24
gio. San pham cubi ciing dugce rira sach bang nudc cét va say kho ¢ 60 °C dén khoi lugng khong
d6i, thu dugc copolyme ghép.
2.2.2. Cdc phwong phap phan tich, danh gia

- Xac dinh hiéu qua ghép: Hiéu qua ghép duogc danh gia thong qua hi¢u suat ghép (phan trim
lugng vinyl monome dugc ghép 1én xenlulozo tng véi khdi lwong soi ban dau, GY (%), phuong
trinh (1)), hiéu qua ghép (GE (%), phan trim khdi lugng polyme ghép trén téng khoi lugng
polyme, phuong trinh (2)) va phan trim chuyén hoéa tong (TC (%), khdi lugng monome chuyén
héa thanh polyme, phuong trinh (3)).
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Trong d6: W1, W2, W3, W4 lan luot 12 khdi lugng sgi ban dau, khdi lugng copolyme ghép,
khoi lugng monome du va khoi lugng ctia monome ban dau.

- Phd hdng ngoai (FTIR) dugc ghi trén thiét bi Nicolet iS40 (M¥) trong ving 4000 — 400 cm™
tai Vién K¥ thuat Nhiét d&i. Str dung k¥ thuat ép vién KBr.

- Hinh thai hoc bé mit (SEM) dugc quan sat trén kinh hién vi dién tor quét JSM — 6510LV
(Joel — Nhat Ban), tai Vién Ky thuat Nhiét doi. Bé mit mau dugc phii mot 16p platin mong bang
phuong phap bdc hoi trong chan khong dé ting d6 twong phan.
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- Phan tich nhiét trong lugng (TGA) dugc xac dinh trén thiét bi TGA 209F 1, Netzsch (Pc)
tai Vién K¥ thuat Nhiét déi. Mau dugc dung trong chén platin, gia nhiét véi toc d6 10 °C/phat
trong moi trudng khong khi tir nhiét d6 phong dén 600 °C.
3. MO PHONG, TINH TOAN, THAO LUAN

3.1. Anh huéng ciia nong do acrylamit

Anh huong cua néng d6 acrylamit dén hiéu suit ghép 1én xenlulozo thu dugc tir sgi rom dugc
thé hién trong hinh 1.
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(Nhiét d: 75 °C; thoi gian: 180 phiit; nong dg chat xiic tac [KPS]: 0,083 M; ty 1¢ khoi heong
AM/soi rom = 2,5 g/g, ty Ié sgi rom/pha long = 1/20 g/ml)

Hinh 1. Anh huong ciia nong dg monome dén hiéu suat ghép AM Ién xenlulozo fir spi rom.

C6 thé thdy rang, hiéu suat ghép tang khi ting nong dd6 monome tir 0,5 — 1,5 M va hiéu suét
ghép giam khi tiép tuc ting ndng do monome. Xu hudng nay ciing xdy ra twong ty dbi voi hiéu
qua ghép va phan trim chuyén hoa. Diéu nay 1a do, khi ting ndng d6 monome sé& ting kha ning
tiép xUc cua cac phan tir monome ¢ ving 1an can vai gdc dai phan tir xenlulozo. Tuy nhién, néu
tiép tuc ting néng d6 monome, phan ng chuyén mach sang monome tao thanh homopolyme
lam can tro sy tiép xdc caa monome 18n bé mit soi rom khién cho hiéu suat ghép giam [3]. Lua
chon noéng ¢6 monome AA 1,5 M cho c4c nghién cuu tiép theo.

3.2. Anh hwéng ciia ty 1¢ monome/segi xenlulozo

Anh huong cua ty 16 monome/soi téi qua trinh déng tring hop ghép AM 1én soi xenlulozo thu
dugc tu rom ra dugc trinh bay trén hinh 2.

Két qua tir hinh 2 cho thay, hiéu suat ghép ting khi tang ty 1¢ monome/sgi tir 1,0 — 2,5 g/g.
Diéu nay 1a do khi tang ty 16 monome/sgi thi ndng d6 monome ting, ting kha ning tiép xic va
phan &ng caa phan tir monome véi goc dai phan tir xenlulo. Khi tiép tuc tang ty Ié monome/soi
thi hiéu qua ghép giam. O nong d6 monome qua cao s& tao diéu kién thuan lgi cho phan ung tu
trung hop tao ra homopolyme dan dén hiéu qua ghép cua monome Ién géc xenlulo giam [4].
Ngoai ra, khi ting ty 1é monome/sgi s& lam giam ndng d¢ chat x(c tac dan dén giam cac goc hoat
hoa hoat dong trén phan ti xenlulo, 1am giam hiéu suit phan ung ghép. Lua chon ty 1¢
monome/sgi = 2,5 g/g cho cac nghién ctu tiép theo.
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(Nhiét @: 75 °C; thoi gian: 180 phit; nong dg AM 1,5 M; nong dé chat xiic tac [KPS]: 0,083 M;
ty 1¢é sgi rom/pha long = 1/20 g/ml)
Hinh 2. Anh hwong cua ty 16 monome/sei téi qué trinh tring hop ghép.
3.3. Anh huéng ciia ndng dd chét xic tac KPS
Anh huong cia nong do chat xuc tac KPS t6i qua trinh dong tring hop ghép AM lén soi
xenlulozo thu dugc tir rom ra dugc trinh bay trén hinh 3.
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(Nhiét do: 75 °C; thoi gian: 180 phut; né‘ng do monome 1,5M; ty I¢ khoi lwong AM/soi rom =
2,5 g/g; ty 1é soi rom/pha long = 1/20 gIml)
Hinh 3. Anh huong ciia nong dg KPS t6i quda trinh dong tring hop ghép.

Két qua hinh 3 cho thiy, do chuyen hoa polyme tang khi tang ham lucmg chat xtic tac tir 0,05
- O 083 M. Xu hudng nay cling giong nhu d01 v6i hidu qua ghép va phan trim chuyén hoa téng
sO. Nhu ching ta di thdy, trong tring hop gdc tu do, tbc d6 phan tng tring hop ty 1é thuan véi
cin béac hai cia ham luong chit xtc tac [5]. Vi vay, & ham luong chat xuc tic KPS thap, sb trung
tam hoat dong it, tbc do phan tng trung hop thap, do d6, d6 chuyén hoa thip, phan tng can kéo
dai thoi gian ho‘n [4]. Khi tiép tuc tang ham lu0’ng chat Xuc tac thi hi¢u qua ghép giam. Hieu suét
ghép glam khi tiép tuc ting ndng do KPS c6 thé do mot s6 1y do sau: Tang qua trinh ngit mach
cac goc dai phan ti trén soi khl chuyén electron t&i ion pesunfat tang sy hinh thanh
homopolyme do lugng monome sén cé trong qua trinh ghép [6]. Co ché phan tmg ghép acrylamit
1én soi xenlulo dugc trinh bay trong so dd hinh 4. Do vay, ching t6i Iya chon ham Iugng chét
xuc tac KPS 1 0,083 M cho cac nghién ciru tiép theo.

o4 H. T. Phwong, T. V. T. hd'ng, “Nghién ciru dnh hwong ... lén xenlulozo thu dwoc tir sgi rom.”
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Hinh 4. So do phan vmg trimg hop ghép acrylamit lén soi xenlulo.
3.4. Anh huéng ciaa kich thwéc soi xenlulozo
Dé nghién ciru anh huong cia kich thudce soi dén qua trinh tring hop ghép AM lén xenlulozo
thu duoc tir soi rom, phér} ung duoc tién hanh véi sgi xenlulozo cé kich thudc thay doi trong
khoang 0,05 — 0,25 cm. Két quéa dugc trinh bay trong bang 1.

Bing 1. Anh huéng cia kich thirde soi dén hiéu sudt chuyén héa polyme.

Kich thuoéc soi Hiéu suit ghép Hiéu qua ghép Ph?ll} tram chuyén hda
(cm) (GY), % (GE), % tong so (TC), %
0,05 30,1 28,4 85,7
0,1 32,8 28,5 86,5
0,15 333 28,8 88,3
0,2 35,2 29,4 89,9
0,25 35,0 29,4 89,2

Két qua nghién ctru cho thay, khi ting kich thudc soi tir 0,05 — 0,2 cm thi do chuyén hoa ting
nhe. Di€u nay c6 thé 1a do khi kich thudc sgi qua nho s€ dan dén hién tugong keo ty, két dinh lam
giam dién tich tiép xuc bé mat, lam giam hiéu suat ghép. Lua chon kich thudc sgi 1a 0,2cm cho
cac nghién ciru tiép theo.

3.5. Pic trung Iy héa ciia san phdm ghép
3.5.1. Phé hong ngoai

Pho FTIR cta miu xenlulozo trudce va sau khi ghép AM duoc trinh bay trong hinh 5.
7
69
60
55
50
45
40
35
30
25
20
15
10
9

—— Rom di ghép AM
—— Rom chia ghép AM

1567,03

-

T (%)

3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Hinh 5. Phé FTIR ciia soi rom trude va sau khi ghép acrylamit.
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Dic diém rd rang nhat gitp phan biét phé xenlulozo trudc va sau khi ghép AM Ia sy hién dién
cua cac dai hap thu & 2337 cm™ va 2345 cm™ cho biét su ¢6 mat caa nhém amin bac hai [7]. Phd
cua xenlulozo sau khi ghép acrylamit co mot dinh hap thy rong hon & 3398 cm™ so véi pho cua
xenlulozo chwa ghép & vi tri 3410,8 cm™ 1a dic trung dao dong ciia nhém — CH. Phé rong hon do
xuit hién nhém amit cho thiy sy dao dong kéo dai cua — NH tao ra peak chong lan l1am chan
peak rong ra, chiing t6 nhom amide da duoc ghép 1én bé mat va tro thanh mot phan cua
xenlulozo ghép. Day la dic trung cua nhom — CONH, c0 trong acrylamit [8]. Ngoai ra, dao dong
tai vi tri 2917 cm™ duogc cho 1 dao dong cua cac nhém CH, c6 trong chudi polyme. Dai hap thu
& 2853 cm™ 1a do céc lién két — N — CH, — tir céc cau ndi chéo. Dao dong cua lién két C = O
cling xuat hién ¢ vi tri 1655 cm™ va 1622 cm™ trén pho xenlulozo ghép AM [9].

Bén canh d6, phd FTIR cuaa xenlulozo ghép AM van cd nhitng peak dic trung cua xenlulozo
ban dau nhu dai pho tir 3398 cm™ dén 2917 cm™ 1a dic trung dao dong ciia nhém — CH va — OH
trong thanh phan cua xenlulozo. Dai phd tir 1160 cm™ dén 898 cm™ 14 tin hiéu trong ving dao
dong cua lién két C — O cua ba xenlulozo [10]. Chimng t6 qua trinh ghép AM 1én xenlulozo thu
dugc tir rom ra da xay ra thanh cong.

3.5.2. Gian do phan tich nhiét
Két quéd phan tich nhiét trong lugong TGA cua s¢i xenlulozo thu dugc tir rom ra trudc va sau
khi ghép AM duogc trinh bay trén hinh 6.
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Hinh 6. Gidn do TGA ciia rom ra truée va sau khi ghép acrylamit.

Tir két qua hinh trén (6a, 6b) cho thiy, soi xenlulozo truéc va sau khi ghép AM déu phan hity
nhiét ba giai doan. Giai doan dau tién (tir nhiét do phong dén 200 °C), mat khdi luong khoang
6% la do qua trinh mét cua cac hop chat bay hoi va 4m hép thy 1én vat liéu. Giai doan thir 2 trong
khoang 200-400 °C, mat khéi luong trong khoang 50-6% 1a do qué trinh khir nudc ciia vong
saccarit trong xenlulo va phan huy polyacrylamit thanh NHj. Giai doan phan hay thu ba (nhiét
d6 >400 °C) 1a giai doan phan hity mach chinh va cau trac tao luéi ctia hydrocacbon [4]. Ngoai
ra, c6 thé thiy nhiét d6 & giai doan phan huy cuc dai ciia xenlulo ban dau 1a 304 °C va ting lén
334 °C v6i mau xenlulo-g-AM. Diéu nay ching té mau xenlulo ghép (xenlulo-g-AM) c6 d bén
nhiét cao hon so v6i mau xenlulo ban dau.

3.5.3. Hin thdi hoc bé mt

Anh chyp kinh hién vi dién tir quét (SEM) cta xenlulozo tir soi rom trudc va sau khi ghép
dugc trinh bay trén hinh 7.

96 H. T. Phuwong, T.\. Thing, “Nghién ciru anh huwong ... lén xenlulozo thu dwoc tiv spi rom.”



Nghién ctru khoa hoc cong nghé

x1,000 10pm

p
ITT- VKTND /' fa L.

a) Anh SEM cua soi xenlulozo trudc khi ghép  b) Anh SEM cua soi xenlulozo sau khi ghép

Hinh 7. Hinh thdi hoc bé mdt cia xenlulozo tir rom ra truée va sau khi ghép AM.

Két qua hinh 7a va hinh 7b cho théy hinh thai hoc bé mit khac nhau cia sgi xenlulozo trude
va sau khi ghép AM. Xenlulozo thu dugc tir rom ra chua ghép AM c¢6 hinh dang sgi, cac sgi dan
xen tao thanh nhiéu 16 réng. Tuy nhién, sau khi dugc ghép véi acrylamit (hinh 7b), chu tric soi
16p khong lién tuc cta rom ra da thay doi v6i 16p polyme day cua acrylamit pht bén ngoai. Céac
khoang trong gitta cac soi xenlulozo bién mét, thay vao d6 13 16p poly acrylamit dugc gin vao
cho thay qua trinh ghép da dién ra, cac chudi xenlulozo riéng 1é da lién két voi nhau thong qua
16p pht bé mit nay. Trong qua trinh ghép, poly acrylamit da gin 1én khung xenlulozo ciing lam
cho b6 soi xenlulozo sau ghep c6 duong kinh 16n hon bo s¢i xenlulozo ban dau. Bén canh do, c6
nhiéu 16 nhé vi mé va nhiéu 16 réng dwgc hinh thanh sau qua trinh ghép, tao diéu kién cho nudc
c6 thé xam nhap vao mang ludi polymer [10]. Diéu nay cho thay rang, vat liéu thu dugc sau qua
trinh ghép c6 thé c6 kha ning hip thu nudce tét.

4. KET LUAN

ba thuc hién thanh cong qua trinh trung hgp ghép acrylamit 1én xenlulozo thu dugc tir rom ra
va nghién ciru dugc dnh hudng cua thanh phan cac tac nhan phan ng 1én qua trinh tring hop
ghép. Két qua cho thay, hiéu sudt ghép ti wu dat duoc 1a 35,2% véi hidu qua ghép 29,4% va do
chuyén héa tong sb 1a 89,9% khi sir dung so1 xenlulozo ¢6 kich thudce 0,2 cm; nong d6 acrylamit
1a 1,5 M; ty 1é monome/sgi = 2,5 g/g va ndng do chat xuc tac 14 0,083 M.

Loi cam on: Cong {rinh nghién ciru nay dwoc thuc hién voi su hé tro kinh phi cia So Khoa hoc va
Céng nghé thong qua dé tai 01C-09/-2019-3.
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ABSTRACT

GRAFT COPOLYMERIZATION OF ACRYLAMIDE ONTO STRAW CELLULOSE:
EFFECT OF COMPOSITION OF REACTANTS ON REACTION PERFORMANCE

The effect of cellulose fiber size, acrylamide (AM) concentration, monomer/fiber ratio

and initiator concentration in the polymer graft polymerization process on cellulose
obtained from straw was researched. The material was characterized by FTIR spectra,
thermal gravimetric analysis (TGA) and their morphology were investigated by SEM
images. The results show that the grafted product has a higher thermal stability compared to
the grafted yarn. SEM image is evidence that acrylic grafting took place on cellulose fiber
with grafting yield (%GY) = 35,2%, grafting efficiency (%GE) = 29,4% and total
conversion percentage (%TC) = 89,9%. Therefore, the fiber size is 0.2 cm, acrylamide with
concentration = 1.5 M, monomer/fiber ratio = 2.5 g/g and initiator concentration = 0.083 M
was chosen for the process of grafting acrylamide to cellulose obtained from straw.

Key Words: Acrylamide; Graft polymerization; Cellulose; Straw.
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