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Abstract: Pineapple leaf waste, with its high cellulose content, can serve as an alternative starting
material for producing carboxymethyl cellulose (CMC). This study extracted cellulose from
pineapple leaf waste by 0.5 M NaOH at 90 °C for 2 hours and 0.5 M HNOs at 90 °C for 2 hours.
The obtained cellulose, with average diameters of 3-7 um, was converted to carboxymethyl
cellulose (CMC) by esterification. The preparation of CMC was investigated by varying two
factors, namely, sodium hydroxide (NaOH) dosage and monochloroacetic acid (MCA) dosage.
The cellulose was soaked in a solution mixture of ethanol and NaOH for 2 h at room temperature.
It was then reacted with chloroacetic acid (MCA) at 60 °C for 2 hours. The optimum conditions for
carboxymethylation were 0.70 g of MCA/g cellulose, and 0.75 g NaOH/g cellulose. The obtained
CMC had a high degree of substitution (DS) of 1.0 with a CMC yield of 150%. The obtained CMC
was characterized by FTIR spectroscopy, SEM images, and XRD diffractions. Moreover, the
thickening performance of the obtained CMC was also determined.

Keywords: Pineapple leaf waste, Carboxymethyl cellulose, degree of substitution (DS), CMC yield,
thickening performance.
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Nghién ctru diéu kién tong hop carboxymethyl cellulose

tir phu pham 14 dira va danh gia tinh ning tao dic
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Tém tit: Phu pham 14 dira chira ham lugng cellulose cao c6 thé dung 1am nguyén liéu thay thé dé
san xuét carboxymethyl cellulose (CMC). Trong nghién ctru nay, cellulose di duoc tach tir phu
phim 14 dira véi tién xur Iy bang NaOH 0,5 M & 90 °C trong 2 gid va sau do6 thily phan acid bang
HNO;3 0,5 M ¢ 90 °C trong 2 gio. Cellulose thu dugc c6 duong kinh trung binh trong khoang
3-7 um, duoc bién tinh thanh carboxymethyl cellulose (CMC) bang phan tng este hoa. Qué trinh
tong hop CMC dugc nghién ciru bang cach thay déi hai yéu t, d6 1a ham lwong natri hydroxide
(NaOH) va ham luong monochloroacetic acid (MCA). Cellulose dugc ngam trong hon hop dung
dich ethanol va NaOH trong 2 gid ¢ nhiét 0 phong. Sau d6 né dugc phan g voi MCA & 60 °C
trong 2 gid. Cac diéu kién t6i vu cho qué trinh carboxymethyl hoa duge xac dinh 14 0,70 g MCA/g
cellulose, 0,75 g NaOH/g cellulose. CMC thu dwogc c6 muc do thé (DS) cao 1a 1,0 v6i hiéu suit thu
CMC 1a 150%. San pham CMC duogc duge dic trung bang phd FTIR, anh SEM va gian d6 nhiéu
xa XRD. Ngoai ra, tinh nang tao dac cia san phém CMC ciing dugc xac dinh.

Tir khéa: Phy pham 1a dira, Carboxymethyl cellulose, d6 thé (DS), Hiéu suat thu CMC, tinh ning
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tao dic.

1. Mé diu

Carboxymethyl cellulose (CMC) 1a mot dan
xudt anion quan trong cua cellulose c6 kha ning
hoa tan dugc trong nudc va lam ting d¢ nhot
cua dung dich, da dugc ing dung phé bién 1am
phu gia tao déc trong nhiéu linh vyc nhu thuc
pham, héa my pham, glay, khai thac dau khi,
vat liéu xdy dung, gbm sir, chat tiy ria, keo
dan, son,... [1-5]. Céc san pham CMC thuong
mai hién nay chu yéu san xuét tir gd, bong
[1, 2]. Gan day, da co nhiéu nghién ctru tong
hop CMC tir cac ngudn phy phdm ndéng nghiép
giau cellulose nhu rom ra, vo ngo, 14 dira, bun
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gidy va vo buoi,... [6-14]. Viét Nam la mot
qudc gia nong nghiép hién dang thai ra mot
luong 16n phu pham sau thu hoach, trong d6 la
dira chiém mot luong dang ké voi gan 1 tridu
tan mdi nam. L4 dia chira khoéng 65-70%
cellulose, 15-20% hemicellulose va 4-6% lignin
[15-21], ngudn nguyén liéu tiém nang dé san
xuit cellulose. Trong cac bao cdo gin day cua
chung t6i, cellulose tach tir 1a dira da duoc bién
tinh thanh CMC 1am nguyén liéu tong hop siéu
hap thu [22]. Tuy nhién, tong hop CMC tir
cellulose la dira img dung lam phu gia tao dac
van chua duoc dé cap nhiéu.

Su tao dac ctia CMC trong dung moi
thuong dugc hinh thanh bdi hién tuong truong
ctia cac bé phan tir CMC [2], twong tac ddy tinh
dién giita cac anion CO; lam cic phan tir dudi
dai ra choan khong gian trong giita cc phan tir
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[2, 23, 24] va luc lién két hydro gitra cac nhém
-OH trén mach phan tr cling nhu gitta cac phan
tir 1an can lam can tré sy dich chuyén cua cac
phan tr [25, 26]. Do d6, kha nang tao dic cia
CMC khong chi phu thudc vao néng do va dac
tinh ctia CMC nhu ciu truc, kich thudc, khéi
luong phan tir, d6 thé DS, ma con chiju anh
hudng dang ké boi dung moéi nhu do pH, ndng
do mudi, nhiét do. Do nhét cua dung dich CMC
dugc coi 1a théng sd quan trong nhat phan dnh
kha nang tao dac cia CMC. Cho dén nay, cac
nghién ctru vé kha ning tao dic cua CMC chu
yeu mdi tip trung vao anh hudng nong do cua
CMC, trong khi viéc danh gia cac yéu t6 dic
trung céu tric cia CMC con kha khiém t6n va
chua théng nhat. Kulicke va cong sy [27] chi ra
rang d6 nhét cua dung dich CMC trong nudc
dat tbi da khi DS béng 0,9. Yeasmin va cong su
[28] dd cong bo, viéc giam do két tinh, giam
kich thudc hat va tang gia tri DS cia CMC anh
huéng dén viée ting d6 nhét cua dung dich.
Tuy nhién, Lopez va cdng su [26] da phat hién
ra rang, & gia tri DS cao, CMC thuong phén tan
& dang phén tir trong nudce, két qua 1a do nhdt
cua dung dich giam. Cling theo xu hudng nay,
Komorowska va cong su [25] da nghién cuu do
nhot cia dung dich CMC khi DS téng tur 0,62
dén 1,04, két qua d6 nhét cua dung dich CMC
giam khi DS ting dugc cho 1a do sy giam s
luong lién két chéo (lién két hydro) giita cac
mach cellulose. Nhu vay, CMC sé hiru do thé
DS va d6 két tinh phu hop dam bao kha ning
truong tot nhung khong dé hoa tan s& cho kha
nang tao dac cao. Chinh vi vay, cong trinh nay
da nghién ctru diéu kién tdi wu tong hop CMC
tir phu pham 14 dua dat gia tri DS va d6 két tinh
phu hop dé cho phép can bang giira tinh ning
truong va hoa tan trong dung méi nhim dat
duoc kha nang tao dac cao nhit.

2. Thuc nghiém
2.1. Nguyén liéu va hoa chat

La dua (tén khoa hoc Ananas comosus)
dugc cung cap boi Nong truong Dira Sudi Hai,
Ba Vi, Ha Noi, Viét Nam. La dira tuoi duoc cat
nhd dén kich thudéc 5 mm dugc st dung ludn

hoic sdy kho & 60 °C trong 24 h va bao quan &
nhiét d6 phong trong tai zip lam bang
polyethylene.

Monochloroacetic acid (MCA) 99,7%
(Nouryon, Anh), ethanol 99,7% (Merck), nitric
acid 65%, acetic acid 99,0%, natri hydroxide
99,0%, methanol 99,0%, ethanol 99,0%, va
acetone 99,0% (Xilong Chemical, Trung Qudc),
va ethanol 96% (Viét Nam).

2.2. Phwong phap nghién ciru

Téach cellulose:

Cellulose dugc tach tir 14 dira theo quy trinh
d3 cong bd [22]. La dira tuoi dugc tién xtur 1y
b@“mg dung dich NaOH néng d06 0,5M & nhiét do
90 °C trong 2 gio, sau do, phan ba duoc tach
khoi hoén hop bang phuong phap loc chén
khong stir dung pheu Biichner. Phan b tlep tuc
dugc acid héa bang dung dich HNO; ndng d6
0,5M & 90 °C trong 2 gid. Hon hop duoc tach
bang phuong phap loc chan khong va ria nhiéu
lan bang nudc cat lanh cho dén khi dung dich
loc khong d6i mau chi thi. Phan bi sau acid hoa
duogc sy qua dém & 60 °C, sau d6 nghién thanh
bdt min va bao quan trong tii zip bang nhya
polyethylene. Cac thi nghiém thyc hién & qui mo
100 g 14 dira twoi/mé, 1ap lai 3 1an. Hiéu suat tach
cellulose (H) dugc tinh theo biéu thic (1).

H(%) = leﬂﬂ 1)

Trong d6 H (%) 1a hiéu suét tach cellulose,
m (g) 1a khéi luong cellulose thu duge, va mo
() 1a khdi luong 14 dira kho ban dau.

Téng hop CMC:

Quy trinh téng hgp CMC tir cellulose duoc
thuc hién theo quy trinh di cong b6 [22]. 5 g
bot cellulose dugc thém vao 100 mL ethanol
trong khi khudy lién tuc trong 1 gio. Tiép theo,
b6 sung dung dich NaOH nong do 5M theo ty
1¢ khdi lugng NaOH so voi cellulose lan luot 1a
0,48, 0,65, 0,75 va 0,85, sau do khudy lién tuc
trén bép khudy tir trong 1 gio (voi ty 18 khdi
lugng MCA/cellulose déu bang 0,6). Cudi cung,
MCA dugc thém vao hdn hgp phan tng theo ty
1¢ khéi lwong MCA so véi cellulose lan luogt 1a
0,4, 0,6, 0,7, 0,8, 0,9 va 1,0, tiép tuc khudy
thém 90 phat & 60 °C (v6i ty 1& khdi luong
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NaOH/cellulose déu béng 0,75). Phén rin dugc
trung hoa bang acetic acid dén pH = 7,0 va
ngam trong 200 mL ethanol ba lan, mdi 1an 15
phut. Sau d6, CMC dugc tach ellulose béng
phuong phép loc chan khéng sir dung phéu
Biichner. Cudi cting, CMC dugc sy trong tu
sdy qua dém & 60 °C va bao quan & nhiét do
phong trong tli polypropylene.

Hiéu suat phan tng tong hop CMC dugc
xéc dinh theo cong thirc (1), trong d6 m, m, lan
luot 13 khéi lwong cia CMC thu duge sau phan
g va khdi lugng ciia cellulose ban dau.

Ky hiéu tén cac mau CMC ciia diy khao sat
ham luong NaOH lan luwgt CMC-0,48,
CMC-0,65, CMC-0,75 va CMC-0,85. Ky hiéu
tén cac mau CMC cua day khao sat ham lugng
MCA lan lugt la CMC-04, CMC-0,6,
CMC-0,7, CMC-0,8, CMC-0,9 va CMC-1,0.

Pho FTIR:

Phé FTIR duoc do trén may quang phd
FT/IR-6300 trong dai sb séng 400-4000 cm?,
v6i d6 phan giai 4 cm, 32 lan quét. Dai hap
thu 12 600-4000 cm™™.

Nhiéu xa tia X (XRD):

Cac gian d6 nhiu xa tia X (XRD) duoc do
lai trén may do nhiéu xa tia X, XRD-6100
(SHIMADZU) véi buc xa Cu Ko ¢ 30 kV va
15 mA. G6c nhidu xa nam trong khoang tir 10°
dén 50° (0,02°/phut).

Do két tinh Crl dwgce xac dinh theo cong
thac (2) [12, 17, 19]:

Too2 — 1
Xc(%) = o0z ‘am (2)

lrCIOE

Ioo2: 1a cuong do dao dong & cuong do cua
dinh 002 (¢ khoang 26 = 20° - 22°)

Iam: 12 cuong d0 dao dong tuong tng véi
dinh ¢ khoang (26 = 18°)

Kinh hién vi dién tir quét SEM:

Pé nghién ctru hinh thai ciu trac bé mit,
anh SEM duogc chup trén kinh hién vi dién tu
quét model JISM-5000 ¢ 5.0 kV (Hitachi).

Xac dinh muc do thay thé (DS):

Murc do thay thé cia CMC duogc xac dinh
theo tiéu chuan ASTM D1439 [29].

5 g mau duoc cho vao binh nén 500 ml
chira 350 mL ethanol nong d¢ 80%, lic trong
30 phut, sau d6, dung dich dugc loc qua phéu
x6p. Lap lai qua trinh véi dung méi chiét cho
dén khi thir ion chloride bang dung dich bac
nitrat 4m tinh. Chuyén dung dich mau thir vao
chén, loai bé dung mdi con bam trén cin bang
aceton, siy mau trong chén nung ¢ 110 °C dén
khéi lugng khong ddi. Can 2 g mau thir kho vao
chén st dot chay can than véi ngon Itra nho, sau
dé voi ngon lra 16n hon trong 10 phut, cén
dugc xu ly b?mg 3-5 mL sulfuric acid dam dac.
Tiép theo, phan con lai trong chén sir duge dun
nong cho dén khi khong con thiy khoi. Cudi
cung, chén st dugc nung trong 10 o
600 °C trong 2 gio. Ham lugng natri dugc tinh
theo cong thirc (3):

A%) = (ax32,28)lb  (3)

Trong d6 khdi lwong cua natri sunfat con lai
duoc biéu thi béng a va khdi lugng cta mau
kho bang b.

Do thé DS duoc tinh theo cong thic (4):

DS = (162xA)/(2300-80xA) (4)

Trong d6 162 biéu thi khéi lwong phan tir
cua mot don vi glucose, va 80 biéu thi lugng
ting rong trong don vi glucose dbi voi mdi
nhém carboxymethyl dugc thé.

Phuong phap xac dinh khéi luong phan tur:

Khdi luong phén tir cia cac mau CMC
duogc xac dinh bang phuong phap do d6 nhot st
dung nhét ké mao quan Ubbelohde. Do nhét
dac trung duoc xac dinh theo phuong trinh
Mark-Houwink-Sakurada, theo cong thire (5):

[n]=KM* (5)

Trong d6 [n] (cm®.g?) dai dién cho d6 nhét
ndi tai va K va o tuong tng 1a cdc dung moi va
polyme cu thé. Vi du, trong trudng hop cua
carboxymethyl cellulose, K = 7,3 x 103 va
a = 0,93 dugc do ¢ 25 °C trong dung dich
NaOH 6% [30, 31].

Phuong phap do do nhét cia dung dich
CMC:

Do nhot cua dung dich CMC duoc do br:ing
nhot ké Gilmont & nhiét d¢ 25 = 1 °C [32].

Phuong phép do pH cua dung dich CMC:
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3. Két qua va thio luin

3.1. Pdc trung cdu tric cia cellulose tach tir
phu pham la dira

Pa tach duoc cellulose tir 14 dira voi hiéu
sut tach dat 58,12% phﬁn khéi Iuong kho, cao
hon so v6i két qua da cong bd trude ciia nhom
v6i hidu suét tach dat 51,13% [22]. San pham
cellulose tach tir phu phfim la dra duoc dac
trung trang thai, hinh thai va ciu triic bing ph
FTIR, 4nh SEM, va nhiéu xa XRD, duoc dua ra
trén Hinh 1, Hinh 2 va Hinh 3.

Tir Hinh 1 ¢6 thé quan sat thdy trén phd
FTIR ctia mau cellulose di xuét hién cac pic tai
3334 cm?, 2973 cm* va 2902 cm 1an luot dic

-OH -CH

3334 2973

Do hip thu

3301 2981

3306 2973

trung cho dao dong cua nhom -OH va cac dao
d6ng hoa tri khong ddi xtimg cua lién két C-H
trong nhém CH va CH, ciia cellulose. Dong
thoi, dinh pic sic nét va rong tai 1053 cm™ va
dinh pic nho tai 896 cm™ twong mg véi dao
dong kéo dai khong ddi xtimg cua lién két C-O
va C-H cua lién két B-(1,4)-glycoside giira cac
don vi anhydroglucose (AGU) cua cellulose
[6, 14-19]. C6 thé quan sat thay, trong vung 5O
song 1500-1800 cm? van con xuat hién cac
dinh pic kha yéu tai 1738 cm® va 1651 cm™ dic
trung cho dao dong cua lién két C=0 va C=C cua
cac tap chat hemicellulose va lignin [33]. Piéu
ndy ciing d& dang quan sat thdy bang két qua phan
tich anh SEM soi cellulose trén Hinh 2.

10s3 Sie-ad

C=0 oo 1C-O Ao
C=0 CMC-0.7
-CH EFM‘)‘!@,

1580 1414

1413 1048

T T T
4000 3500 3000 2500

T T
1500 1000

S6 séng (em!)

Hinh 1. Phd FTIR ctia mau cellulose tir 14 dta va cdac mau CMC-0,6, CMC-0,7 va CMC-0,8 tir cellulose 14 dira.

HUS 15KV 6.2mm X3.00k BSE L

HUS 15kV 6.1mm X300k BSE L 10.0pm

Hinh 2. Anh SEM cta miu cellulose tir 14 dtra (a) va mau CMC-0,7 tir cellulose 14 dua (b).
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Tir Hinh 2 (a) cho thay, cellulose tach duoc
tor phu ph'fun la dira c6 dang sgi, kha déng déu
va duong kinh trung binh trong khoang 3-7 pm.
Soi cellulose tach tir 14 dra thu dugc c6 dudong
kinh cao hon va mirc d6 dong déu kich thudc
soi cellulose thap hon so véi két qua ciia nhém
da cong bd voi duong kinh soi 2-3 pm [22].
Diéu nay c6 thé do trong nghién ctru di tién
hanh tach cellulose tir 14 dtra & diéu kién nhe
hon, tuong tng NaOH 0,5M va HNO3 0,5M so
v6i NaOH 0,75M va HNO; 0,75M. Két qua pho
FTIR va anh SEM di minh chtng cho két qua

002

Lin (Cps)

25

vé hiéu suét tach cellulose & trén. Két qua
Hinh 3 cho thdy, gian d6 XRD cua mau
cellulose xuat hién cac dinh peak tai 20 = 15,6°,
20 =22,4°va 20 = 34,6 °, tuong ung dac trung
cho cac bé mat mang nhidu xa 110, 002 va 004
cua tinh thé cellulose [16, 17, 31]. Tir dit liéu
phan tich XRD da xac dinh do két tinh Xc cua
cic miu va dugc dua ra trén Bang 1. Két qua
trén Bang 1 cho thiy do két tinh cua cellulose
tach tir 14 dwra dat 86,67%, thap hon dang ké so
v6i cong bd clia Panchana 1a 93,98% [34].

20°

Hinh 3. Gian dd XRD cta mau cellulose tir 14 dira va ciac mau CMC tir cellulose 14 dira.

Bang 1. P9 két tinh Xc cua cellulose tir 14 dira va CMC tong hop tir cellulose 14 dira véi ty 16 MCA thay do6i

Tén miu Cellulose

CMC-0,6

CMC-0,7 | CMC-0,8

Do két tinh (Xc%) | 86,67

38,77

31,41 26,79

3.2. Nghién ciru diéu kién tong hop CMC tir
cellulose cua la dira

C6 nhiéu théng s6 anh huong dén gia tri DS
cua CMC, vi du nhu ham lugng MCA va
NaOH, thoi gian phan tng, nhiét d¢ phan Ung,
hinh thai va kich thude cellulose,... [35, 36].
Pang chi ¥, cdu triic hinh va thai cua cellulose
¢6 anh hudng 16n dén kha ning tiép can cua cac
tac nhan phan mg dén cic nhom hydroxyl trén
mach cellulose, nén viéc xac dinh luong NaOH
va MCA phu hop cho mdi loai cellulose cu thé
1a can thiét [37, 38]. Do do, trong phan nay da
nghién curu xac dinh ham luong NaOH va MCA
t6i ru dé dat hiéu suat phan ung va do thé DS
cua CMC cao.

3.3. Khao sdt ty 1é khoi lwong NaOH/cellulose

Phan tmg tong hop CMC tir cellulose duoc
thuc hién qua hai giai doan: kiém héa cellulose
va carboxymethyl hoa cellulose da kiém hoa
bang MCA trong dung méi ethanol (Hinh 4).
Ethanol c6 vai tro lam truong cac sgi cellulose
[39, 40], dong thoi dé hoa tan va phan tan
NaOH dong déu téi cac nhém hydroxyl -OH
trén mach phan tir cellulose tao thanh cellulose
kiém héa. Mot luong Na* va OH" s& hoa tan va
di vao pha con ethanol, phﬁn con lai s€ bi giir
lai trén bé mat soi cellulose va lam cho néng do
NaOH cao hon trong ving bé mit cua cellulose,
két qua 1a lam truong va pha v& cdu trac soi
cellulose, 1am giam s6 lugng lién két hydro lién
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phan tu va lam tang dién tich bé mat phan tng,
tir d6 thay doi do két tinh va tinh da hinh cua
cellulose [41]. Do dé, ty 1¢ thé tich ethanol so
voi khéi luong cellulose thuong duoc nghién
ctru t6i wu cho phan tng carboxymethyl hoa.
D3 c6 nhibu cong bd vé két qua nay, thuong
trong khoang tir 20/1 dén 30/1 (ml/g), tiy thudc

ONz
o Ho M +2nNaOH ;
0] [e] 0 Q
HO o HO
OH OH OH
n 2
Giai doan kiém hoa
Cellulose

Cellulose kiém héa

vao kich thudc va nguén géc cellulose [1, 2, 6,
8, 10, 13, 22, 34]. Trong nghién cuu nay, voi
muc tiéu han ché hoa chat sir dung da lya chon
ty 18 thé tich ethanol so v6i khéi lugng cellulose
bang 20/1 (ml/g). Tiép theo, cellulose kiém hoa
sé duoc carboxymethyl hoa voi
monochloroacetic acid (MCA) tao thanh CMC.

OH o 2nClCH2COOH OCH,COONa

HO.
0 & —) 1. ) 0}
- HO
ONa 2nNaCl OH
n NaCOOCH,0

Giai doan
carboxymethyl héa

Carboxymethyl cellulose

Hinh 4. Céc giai doan phan tmg trong qué trinh tng hop CMC tir cellulose 14 dia [6].

Kétﬂ qua xac dinh gi(f) thé DS cua cac mau
CMC tong hop voi dieu kién ty 1€ khoi lugng

09
0,8

DS

0,65

NaOH/cellulose thay ddi tr 0,48 dén 0,85 duge
dua ra trén Hinh 5.

0,7
0,6
0,5
0,4
03
0,2
0,1

0

0,75 0,85

T} 1& khéi hrong NaOH/cellulose (g/g)

Hinh 5. Anh huéng cua ty 16 khdi lugng NaOH/cellulose tir 14 dira dén DS cua CMC tir 14 dira.

Tir Hinh 5 cho thdy, gia tri do thé DS cua
CMC ting khi ting ty 1¢ khdi Iluong
NaOH/cellulose dén 0,75 g/g va dat gia tri 16n
nhit bang 0,81, sau d6 giam khi tiép tuc ting ty
1¢ khéi lugng NaOH/cellulose 1én dén 0,85 g/g.
Pang chi y, ¢ ty 1& khdi lugng NaOH/cellulose
thip hon 0,75 g/g, d6 thé DS ciia CMC thay ddi
khong dang ké. Nhu da dé cép o trén, trong giai
doan kiém héa, dung dich NaOH sé& tién vao
trong cAu tric tinh thé cia cellulose, xay ra qua
trinh solvat hoa cac nhom hydroxyl va pha vo

cac lién két hydro, va cac nhém -OH & mdi don
vi AGU sé dé dang duogc thay thé bang cic
nhom -ONa, sau d6 tham gia phan ung ether
hoa [42]. Tiép theo, cellulose kiém s& phan tng
ether hoéa v6i monochloroacetic acid (MCA)
hodc mudi cua nd 1a natri monochloroacetate
(NaMCA) dé thé cac nhom carboxymethyl tao
thanh ether carboxymethyl cellulose. Pang chu
y la cac don vi cellulose c6 ba nhom -OH hoat
dong theo thu ty C6 > C2 > C3, dic biét voi
nhém C6-OH c6 thé phan tng nhanh gip muoi
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1an so voi hai nhém C2 va C3 con lai [43]. Bén
canh d6, phan tng thuy phan MCA trong moi
truong kiém NaOH sé& tao thanh hai san phim
phu d6 14 natri glycolate va natri chloride. Diéu
nay c6 thé 1y giai boi o ty 1& khéi lugng
NaOH/cellulose bang 0,75 g/g, s6 phan tir
NaOH bang sé nhém -OH cua cellulose, nén
tao s6 nhom hydroxyl dugc kiém hoa (-ONa)
16n nhat, dan dén kha niang tham gia phan ung
ete hoa bang MCA cao nhét, két qua 1a s6 nhoém
carboxymethyl thé 16n nhét, hay gia tri DS cao
nhat. Khi tiép tuc ting ty 16 NaOH/cellulose 1én
0,85 g/g, dan dén hién tuong du NaOH, gop phan
thiic ddy phan tmg phu tao natri glycolate va NaCl
manh hon, dan dén ting tiéu hao MCA, 1am giam
luong MCA tham gia phan ung chinh tao thanh
CMC, két qua 1a 1am giam do thé DS. Xu huéng
giam d6 thé DS khi sir dung du NaOH ciing d
duogc béo cao trong cong bd ciia Yuliasmi va cong
st [37]. Nhu viy, ty 1& khéi luong
NaOH/cellulose tot nhat cho phan tmng
carboxymethyl hoa cellulose tir 14 dira 13 0,75 g/g.

160

Hiéu suat phan tmg (%)

= = =
[ = [=2] o] 8 [ P
(=] (=] o (=] (=] (=]

o

Khao sat ham lugng MCA

Két qua xac dinh hi¢u suat phan ung tong
hop CMC va dé thé DS cta cac mau CMC tong
hop véi diéu kién ty 18 khdi luong
MCA/cellulose thay dbi tir 0,4 dén 1,0 (v6i ty 18
khéi lwong NaOH/cellulose déu bang 0,75)
duoc dua ra trén Hinh 6 va Hinh 7.

Tir Hinh 6 cho thay, hiéu suit phan tng
tong hop CMC ting khi ting ty 1¢ khdi luong
MCA/cellulose dén 0,7 g/g va dat gia tri 16n
nhit bang 150%, sau d6 giam déan khi tiép tuc
tang ty 16 khoi lwong MCA/cellulose 1én dén
1,0 g/g. Su giam gia tri DS khi tang ty 1& khdi
luong MCA/cellulose c¢6 thé do su thuc day
phan Ung phu tao natri glycolate va NaCl manh
hon, dan dén tang tiéu hao MCA, lam giam luong
MCA tham gia phan Gng chinh tao thanh CMC,
két qua 1a 1am hiéu suét phan tmg tong hop CMC.
Nhu vay, ty 1€ Kkhéi lwong MCA/cellulose cho
hiéu sut phan tmg carboxymethyl hoa cellulose
cao nhit 13 0,7 g/g.

150
140
130
119
| I I I i
0,4 0,6 0,7 0,8 0,9 1

T 1 khéi hrong MCA/cellulose (g/g)

Hinh 6. Anh hudng cia ham lugng MCA dén hiéu suat phan tng tong hop CMC tir cellulose 14 dira.

Tir Hinh 7 cho thdy, gia tri DS cia CMC
tang khi tang ty 1& khoi lugng MCA/cellulose
dén 0,8 g/g va dat gia tri 1on nhat bang 1,3, sau
d6 giam dan khi tiép tuc ting ty 1& khdi luong
MCA/cellulose 1én dén 1,0 g/g. Xu hudng nay
tuong ty nhu két qua hiéu suat phan ung tong
hop CMC & phan trén. Nhu viy, ty 18 khoi

lugng  MCA/cellulose cho phan ng
carboxymethyl hoa cellulose dat gia tri DS cao
nhit 1a 0,8 g/g. San pham CMC tong hop tir 14
dtra dat DS béng 1,3 cao hon dang ké so véi
cong bd cua Panchan [34] 14 0,78 trong khi ty 18
khdi lugng MCA/cellulose st dung thdp hon
dang ké, trong tmg 0,8 g/g va 8,0 g/g.
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Hinh 7. Anh huéng cua ty 1¢ khdi lugng MCA/cellulose tir 14 dira dén DS ciia CMC tir cellulose 1 dira.

Da tién hanh xé4c dinh khoi lugng phan ti,
d6 nhét dung dich ndong d6 5% phén khoi lugng

ctia cac mau CMC c6 DS thay ddi, két qua duoc
dua ra trén Bang 2.

Bang 2. Cac két qua DS, khdi lugng phén tir M va d6 nhot dung dich ctia cac mau CMC tir cellulose 14 dira

Tén mau DS M, g/mol Do nhét, cP
CMC-0,4 0,56 15430 87,88
CMC-0,6 0,81 38800 200,62
CMC-0,7 1,00 40580 208,94
CMC-0,8 1,30 42430 211,97
CMC-0,9 1,10 41170 209,73
CMC-1,0 0,88 39800 199,50

Két qua trén Bang 2 cho thdy, khdi luong
phan tir trung binh M cta cac mau CMC ting
theo chiéu ting cia gia tri DS. Xu huéng két
qué nay la hoan toan phu hgp va tuong tu nhu
cac cong bd trude [20, 25, 38].

Pdng thoi ciing quan sat thiy d6 nhdt dung
dich CMC ndng d¢ 5% tang theo chiéu ting cua
gia tri DS. Pang cha y, d6 nhdt cua dung dich
CMC ting dang ké khi gia tri DS thip (trong
khoang tir 0,56 dén 1,00), trong khi ting khong
dang ké khi gia trj DS cao (tir 1,10 dén 1,30).
Két qua nay c6 thé giai thich boi sy ting gid tri
DS da lam tang kha nang truong cia cac phan
tir CMC, két qua 1a tang do nhot ciia dung dich,
nhung khi d thé DS cao thi kha ning tan ting,
dan dén cac phan tt CMC phan tan trong nudc
& dang phan tir, lam mat kha ning tao dic, két
qua 1a @6 nhot giam. Xu hudng két qua nay phu
hop vé6i cong bd cia Komorowska [25] va
Lopez [26].

D3 tién hanh dic trung cdu trac va hinh thai
cac mdu CMC bang phd FTIR, anh SEM va
nhidu xa XRD, két qua duoc dua ra trén Hinh 1,
Hinh 2 va Hinh 3.

Tir phd FTIR ciia mau CMC-0,6 trén Hinh 1
quan sat théy, su xuit hién thém cua cac dinh
pic cuong d6 manh tai 1580 cm™ va 1414 cm?
dic trung cho dao dong ddi xtmg va khong ddi
xing cua lién két C=0 cta nhom COO-, cho
thdy su hién dién cua anion carboxymethyl
trong ciu trac cua cellulose [20-24]. Pong thoi
quan sat thdy su ting cuong do pic dic trung
cho dao dong cua lién két C-H cua nhoém CH;
tai s6 song 2973 cm™, minh chtng cho sy xuat
hién cua nhém cacboxymethyl trén mach phan
tir cellulose. Bén canh d6 ciing quan sat thiy sy
gidam cuong do dinh pic tai 3334 cm™ trén pho
cta cac mau CMC so voi cellulose, chung té su
giam nhém -OH do da tham gia phan tng
carboxymethyl hoa. Pang chu y, cuong do cua
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hai dinh pic ndy ting dan theo thir ty cac mau
CMC-0,6, CMC-0,7 va CMC-0,8, tuong ung su
tang dan ctia d6 thé DS.

Anh SEM ctia mau CMC-0,7 trén Hinh 2(b)
cho thiy, cac soi CMC c6 kich thuéc kha dong
déu voi duong kinh trung binh trong khoang
3,0-4,0 um, bé mat déng nhat hon nhung lai gb
ghé hon soi cellulose. Ly do cho diéu nay nam
& chd cellulose duoc trai qua giai doan kiém
hoa trudc khi carboxymethyl héa da gop phan
lam sach cac tap chét con sot lai trén bé mit soi,
két qua 1a bé mat soi dong nhat hon va giam
kich thudc sgi. Bén canh do, sy ghép cac nhém
carboxymethyl 1én mach cellulose da lam bé
mat soi CMC tré nén g6 ghé hon so1 cellulose
ban dau. Két qua twong tu ciing dugc cong bd
trén cac cong trinh trudc [22].

D3 tién hanh nghién ctru d6 két tinh cta cac
mau CMC, két qua phan tich nhidu xa XRD
duogc dua ra trén Hinh 3 va Bang 1. Tt Hinh 3
c6 thé thiy rd rang cac pic dic trung cho
cellulose gan nhu da bién mat hoan toan. Tur
Bang 1 ¢o thé tha"iy, dd két tinh cia mau
CMC-0,8 1a 26,79 thip hon dang ké so v&i do
két tinh ctia cellulose ban dau 1a 86,67. Diéu
nay chi ra rang sy chuyén sang pha vo dinh
hinh do su cit cac lién két hydro giita cac phan
ttr cellulose [38]. Do két tinh cua cac mau CMC

124,39
118,961 121,35

Do nhot h‘P'l

))))))

29

gidm theo sy tdng cua gia tri DS. Gia tri do két
tinh cua ciac mau CMC-0,6, CMC-0,7 va
CMC-0,8 lan lugt 1a 38,77, 31,41 va 26,79
tuong Ung voi gia tri DS 1a 0,56, 1,00 va 1,30.
Su giam d¢ két tinh theo khi tang gid tri DS cta
CMC gbp phan 1am cho CMC mat thudc tinh
trrong ma tré nén tan dé dang.

Nhu vay, phan trng carboxymethyl hoa dat
hiéu sudt va do thé DS cao nhat tai ty 18 khoi
luong MCA/cellulose tuong tng 1a 0,7 va 0,8.
Nghién ciru nay nham téng hgp CMC tir dira c6
gia tri DS va d6 két tinh phu hop, cho phép can
bang giita tinh ning trwong va hoa tan trong
nudc nham dat duge kha nang tao dac cao, ty 1€
khéi lwong MCA/cellulose bang 0,7 1a tot nhat.
Mau CMC-0,7 duoc sir dung trong cac nghién
ctru tiép theo.

3.4. Danh gia tinh nang tqo ddc cua san
pham CMC

D3 tién hanh nghién ctru anh hudng cua pH
dén kha nang tao dac cua CMC, cac Kkét qua
dugc dua ra trén Hinh 8 va Hinh 9. Pa str dung
mau CMC-0,7 & pha dung dich véi ndng do
2% phan khdi lugng trong méi truong pH thay
d6i tir 3 dén 10. Gi4 tri pH cta dung dich CMC
duoc diéu chinh b?mg dung dich HCI1 0,1M hoac
NaOH 0,1M.

118,73 117,53

Hinh 8. Anh hudng ciia pH dén kha nang tao dic cia CMC-0,7 tir cellulose 14 dura.

Két qua Hinh 8 cho thiy, d6 nhét cia dung
dich CMC-0,7 néng d6 2% kha 6n dinh trong
khoang pH tir 3 dén 8, dat gia tri khoang 120+3
cP, va giam manh khi pH Ién dén 9.

Két qua 6n dinh d¢ nhét trong khoang pH kha
rong cua dung dich CMC s& gitip m¢ rong pham
vi ing dung cua chung. Sy giam d6t ngot d6 nhot
khi pH ting 1én gié tri 9 c6 thé 1a giai thich do cac

phan t kiém giup thic ddy sy phan tan
cua cellulose.

Két qua nghién ctru anh hudng cta cation
dén kha nang tao dac cia CMC duoc dua ra
trén Hinh 9. D4 str dung mdu CMC-0,7 dé pha
dung dich voi noéng do 2% phan khdi luong
trong nudc ct chira cac mudi v6i ham luong so
v6i CMC 1a 2% khdi luong.
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Hinh 9. Anh hudng cia loai cation dén kha ning tao dic
cua CMC-0,7 tir cellulose 14 dira.

Co thé théy, su ¢6 mat cua cation hoa tri 1
la Na* da lam giam nhe d nhét cua dung dich
CMC, ngugc lai sy c6 mit cua cac cation Ca?*
va AIF* d3 lam ting dang ké d6 nhét cua dung
dich CMC. Xu hudéng lam tang d nhdt cua
dung dich CMC khi c6 mit cation hoa tri 2
(Ca®") nguoc vdi cac cong bd trude [32]. Pidu
nay c6 thé cho 1a da hinh thanh lién két chéo
gitta cac ion Ca®" voi cac nhom COO" trén
mach phan t¢ CMC, lam giam kha nang dich
chuyén cua cac phan tt CMC, két qua 1a 1am

128
126

124
122,45

122
120,01
1
- I
116
0,5 1,0

Do nhot (cP)

)
(=]

-

tang d0 nhdt cia dung dich. Pang cht ¥, su co
mit cta cation héa tri 3 (AI**) 1am ting dang ké
d6 nhét dung dich CMC so v6i cation hoa tri 2
(Ca?"). Su ting do nhét ctia dung dich CMC khi
c6 mit cua ion AP ciing dugc cho 1a boi su
hinh thanh lién két chéo giita ion AIF* véi cac
nhom COO trong mach phan trt CMC [32].

Két qua nghién ctru anh huong ham luong
cation APP* dén kha ning tao dic cia CMC
duoc dua ra trén Hinh 10.

126,91

125,62
124,94 I
1,5 2,0 25

Ham lugng Al3+ so vai CMC (%)

Hinh 10. Anh huéng ciia ham lugng Al**so véi CMC dén kha ning tao dic
cua CMC-0,7 tur cellulose 14 dua.

Két qua cho théy, dd nhét cia dung dich
CMC ting khi ting ham lugng AI** tir 0,5 dén
2,0%, sau d6 do nhot cua dung dich lai giam
khi tiép tuc ting ham luong A1+,

Két ‘qua nghién ctru anh hudng ham luong
CMC dén kha nang tao dac cia CMC-0,7 dugc
dua ra trén Hinh 11.
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Hinh 11. Anh huéng ciia ham lugng CMC dén kha nang tao dic cia CMC-0,7 tir cellulose 14 dira.

Két qua cho thdy do nhot ciia dung dich
CMC ting theo ndng do CMC tir 119,73 cP dén
254,25 cP tuong mg cho dung dich ndng do tir
2% dén 8%. C6 thé thiy do nhot ting khong
dang ké khi ndng d6 CMC trén 5%.

4. Két luan

Cong trinh nay di tong hop thanh cong
CMC tir cellulose tach tir phy pham 1a dira, co
dang soi duong kinh trung binh 3-4 pm, do thé
1,0 & diéu kién ham lugng NaOH va MCA so
v6i cellulose 1an luot 13 0,75 g/g va 0,7 g/g, va
hiéu suit phan ung dat 150%. Ciu trac cua
CMC dugc dic trung biang phd hdng ngoai
FTIR va nhiéu xa XRD.

Tinh nang tao dac cia CMC duoc xac dinh
boi gia tri 46 thé DS, nong do CMC, loai va
ndéng do cation trong dung dich: d6 nhét cua
dung dich ting theo do thé DS dén gia tri xac
dinh va tang theo néng d0 CMC; su ¢6 mit cua
cac cation hoa tri 1 (Na*) lam giam d¢ nhdt cua
dung dich CMC, trong khi cation hoa tri 2
(Ca?") va cation hoéa tri 3 (AI**) lam ting do
nhét dung dich khi ndng d6 dudi ndng do t6i
han; d6 nhét cia dung dich CMC 6n dinh trong
khoang pH rong tir 3 dén 8. San pham CMC
tong hop tir 14 dira (CMC-0,7) ¢6 tiém ning tng
dung lam phu gia tao dac cho nhiéu linh vuc
nhu chat ty rira, son, thuc pham.

Lo&i cdm on

Cong trinh nay duoc hd trg boi dé tai cua
S¢ Khoa hoc va Cong nghé Thanh ph6 Ha Noi
(Ma s6 01C-03/04-2020-03).
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