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ABSTRACT

Acid catalyst C-SO3H was synthesized to replace traditional acid catalyst
in order to reduce environmental impacts. The synthesis process was
carried out through two steps: (i) formation of carbon particles; (ii)
sulfonation of carbon to form catalyst. Glucose hydrothermal method at
180°C in 4 hours was used to generate carbon particles with size of 2-
3 um and sulfonation of carbon particles by H:SOy at different conditions
was ultilized to create the catalyst. The results showed that reaction time
and temperature strongly influenced the sulfonation process to form SO:H
groups. However, carbon content in the acid solution was not significantly
affected. In addition, using of the catalyst for hydrolyzing starch gave
good results. The concentration of the total sugar increased with increase
of concentration, temperature and reaction time. Moreover, when
catalyzed by C-SOsH, the total sugar concentration was obtained at a
value of 17,42 g/L that was higher than that of using 2% H>SOy catalyst
(obtained total sugar, 13,27 g/L).

TOM TAT

Xiic tac acid ran C- SO3H duoc tong hop nham thay thé xiic tac acid truyén
thong va lam giam thiéu tac dong xdu dén méi truong. Qud trinh tong hop
dwoc thuc hién thong qua hai giai doan: (i) tao hat carbon va (ii) sulfo
hoa tao xuc tac. Phuwong phap thuy nhiét dwong o 180°C trong 4 gio duoc
sit dung d@é tao hat carbon véi kich thuée khodng 2-3 um va qud trinh
sulfo hoa hat carbon bcfng H>S0, ¢ cdc diéu kién khac nhau aé tao thanh
xtic tdc. Trong do, nhiét do va thoi gian dnh heong manh dén qud trinh
sulfo héa d@é gin két nhom SOsH. Tuy nhién, ham heong carbon trong dung
dich acid khéng anh huéng ding ké. Thém vao d6 viéc sir dung xiic tic
diege tong hop cho qud trinh thiy phén tinh bét cho két qua khd tot. Nong
d¢ dwong tong tang theo ham hrong, nhiét dé va thoi gian phan irmg. Hon
thé nita, khi dwoc xiic tac bang C-SO3H, nong dé dwong tong thu dwoc dat
gia tri 17,42 g/L cao hon khi su dung xuc tac 2% H>SO4 (13,27 g/L).

1 GIOI THIEU

Céc chat xuc tac dong thé nhu H,SO4, HF, hay
H3;PO4 dong vai tro rit quan trong cho cac qui
trinh tong hop hoa chat trong cong nghiép, ciing
nhu san xuit duge phdm va hién nay 1a tong hop

nhién li€u sinh hoc (Valle-Vigon et al., 2012). Tuy
nhién, nhitng loai xtc tac nay co nhiéu diém bat loi
nhu tic dong nghiém trong dén méi truong, gy an
mon thiét bi va hon thé nita 1 ton rat nhiéu chi phi
cho viéc phan tach va lam sach. Chinh vi thé cac
nha khoa hoc nghién ctru tim kiém mot loai xtic tac
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acid khac dé thay thé va xuc tac acid Lewis nhu
AICl3, FeCls, BF3 dugc quan tam (Hu et al., 2001).
Mic du hiéu qua cua loai xuc tac nay kha cao va dé
dang tach khoi san phidm chung van ton tai diém
bat loi 1a tic dong x4u téi moi truong xung quanh
(Mukesh Doble, 2007). Véi mong mudn tim ra
nhing loai xtic tac rdn vira hiéu qua va vira giam
thiéu tac dong dén moi truong, xtc tac acid tong
hop tir qua trinh sulfo héa carbon dugc quan tim
manh mé.

Xuc tac acid nén carbon gin day di gay duoc
su chu ¥ trong gidi khoa hoc vi ching co thé dugc
tai st dung dé dang sau phan ing ma khong lam
giam hoat tinh, c6 do bén nhiét cao, bé mit riéng
rat 1on va kha ning phdn tan cao (Sevilla &
Fuertes, 2009; Wang et al., 2001). Loai xic tac nay
mé ra mot huéng di méi trong nganh tong hop hiru
co nham thay thé chét xiic tac acid dang long nhu
H,SO4 hay HCI (Zhang & Zhao, 2009). Pay la
nhiing két qua tich cuc lién quan dén cac khia canh
“xanh” trong héa hoc nhim bao vé méi truong.
Hon nita, qué trinh tong hop chit xuc tac nay kha
don gian va dé thyc hién.

Qué trinh tong hop chit xtc tac acid rén nén
carbon dugc thuc hién qua hai giai doan: (i) téng
hop vat liéu carbon; (ii) thyc hién qua trinh sulfo
hoa vat liéu carbon. Vat liéu carbon duogc téng hop
duya trén cac diéu kién khéc nghiét nhu k¥ thuat hd
quang dién (electric-arc discharge) (Makowski et
al., 2008), ngung tu hoi hoéa hoc (chemical vapor
deposition) (Hu et al., 2008), chuyén hoa tir carbon
vo dinh hinh & nhiét d§ cao, hay nhi¢t phan cac
hop chét hitu co (Watanabe et al., 2005). Hon thé
nira, hién nay nhiét hoa carbon (hydrothermal
carbonization) ap dung cho cac carbohydrates
trong moi truong nuéc ¢ 180°C dugc xem la
phuong phap thich hop cho viéc tao ra vat li¢u
carbon vi gia thanh ré, khong st dung dung moi
hitu co, chat xuc tac, ciing nhu chéat hoat dong bé
mat (Liang et al, 2011). Qua trinh sulfo hoa
carbon nham tao ra xuc tac acid ran dé thay thé xuc
tac acid dong thé truyen thong nhan duoc nhiéu su
quan tam trong giéi khoa hoc (Liang et al., 2010a).
Khi dugc xir 1i véi HoSO4 ¢ nhiét d6 va thoi gian
thich hop, nhom -SO3;H s& dugc gén vao vat liéu
carbon tao thanh xtic tic acid dang rén. Trong
nghién ctru nay, phuong phap nhiét hoa carbon
duoc sir dung dé tong hop vat lidu carbon dang hat
tir duong glucose. Sau dé xuc tac acid dang rén
duoc tao thanh bé'mg viéc sulfo hoa vat liéu nay voi
H,SO,. Céc yéu t6 anh huéng dén qua trinh tong
hop nhu nhiét d6, thoi gian, cling nhu ti 1¢
carbon/acid déu duoc tién hanh khao sat. Hoat tinh
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xUc tac cling dugc thtr nghiém cho phan ung thuy
phan tinh bdt thanh duong.

2 PHUONG PHAP NGHIEN CUU
2.1 Hoéa chat

Hoa chét dung trong qué trinh thity nhiét gdm:
D-glucose, ethanol, H,SO4 dugc cung cip boi cong
ty Merck (D). Cac hoa chat dugc st dung trong
qua trinh thiy phén, phan tich la: Agar, Potassium
tetraborate, NaOH, H»SOs, tinh bot va thudc thu
3,5-dinitrosalicylic acid (DNS), dugc cung cép boi
cong ty Merck (Puc).

2.2 Téng hgp chit xic tac

Nhu da d& cép, qua trinh tong hop chat xuc tac
acid rdn nén carbon dugc thyc hién qua hai giai
doan: (i) tong hop vat lidu carbon; (ii) thuc hién
qua trinh sulfo hoa vét liéu carbon. Trong giai doan
(i), cho 6 mL dung dich gdm D-glucose (90 g/L) va
acid H,SO;4 (ndng do 49 g/L) vio autoclave va gia
nhiét ¢ nhiét do 180°C trong khoang thoi gian 4
gio. Hon hop san phim sau d6 duoc 1am ngudi &
nhiét d6 phong va tién hanh loc, rira nhiéu lan véi
nude ct va ethanol 50°. San phém hat carbon dugc
sy & 80°C cho dén khdi lwong khong ddi. Giai
doan (ii), hat carbon dugc acid hoa béng H,SO4
dam dac trong thiét bi autoclave. San phém xuc tac
acid rin sau d6 duoc rira nhiéu 14n v&i nude cit va
sdy kho & 80°C. Cac thong sé anh hudng nhu ham
lugng carbon, nhiét d§ va thoi gian s€ dugc tién
hanh khao sat. San pham xuc tac dugc phan tich
bang thiét bi quang phd hong ngoai FT-IR nhim
xac dinh nhom chirc -SOsH.

2.3 Kh3do sat hoat tinh xtc tac

Hoat tinh xuc tac dugc khao sat boi phan ng
thuy phén tinh bot bép thanh duong. Phan Ung
dugc tién hanh v6i nong do tinh bot 200 g/L trong
ong nghiém. Chat xuc tac vira tong hop duge cho
vao 6ng nghiém dé tién hanh thuy phén. Sau
phan tng, néng do duong téng dugc xac dinh
theo phwong phap Miller st dung thudc thir
3,5-dinitrosalicilyc (DNS) (Miller, 1959). Diéu
kién phan ung nhu ham lugng xuc tac, nhiét do,
thoi gian dwoc tién hanh khao sat.

3 KET QUA VA THAO LUAN
3.1 Tong hop hat carbon

Hat carbon dugc téng hop bing phuong phap
thily nhiét véi nong d6 dung dich dwdng 90 g/L &
nhiét d§ 180°C, thoi gian 4 gio va néng do acid
H,S04 49 g/L dugc thém vao cho qua trinh tao hat.
Két qua thi nghiém cho théiy hat duoc tao thanh c6
hinh cau, twong d6i dong nhét va co kich thudc hat
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nam trong khoang tir 1-5 ym (Hinh 1a). Biéu dd
phan bd cho thiy kich thudc tap chung chi yéu tai
2-3 um (Hinh 1b). O kich thuéc 2-3 pm thi hat
carbon dugc tong hop nho hon so vai kich thude
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trong nghién ciru ctia Liang va cac dong nghiép
(v6i kich thuéc hat tr 4-10 um) (Liang et al.,
2010b).

0
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Hinh 1: Anh SEM (a) va d6 thi phan bd kich thwéc (b) ciia hat carbon dwoc téng hop tir duwdng
D-glucose 90 g/L, nhiét d§ 180°C va H2SO4 49 g/L trong thoi gian 4 gio

3.2 Khao sat qua trinh sulfo hoa

Xuc tac acid duge téng hop tir qua trinh sulfo
hoa hat carbon béng dung dich H,SO4 dam dac
(98%). Céc thong s anh huong dén qua trinh tong
hop nhu ham luong carbon, nhiét dg, va thoi gian
phan g s& dugc tién hanh khao sat.

3.2.1 Anh huéng thoi gian phan irmg

Hon hop gdm 50 g/L hat carbon trong dung
dich acid sulfuric dam dac (98%), dugc cho vao
autoclave va thuc hién phan tng & 150°C trong
cac khoang thoi gian khac nhau tir 0 dén 20 gio.
Két qua phan tich FT-IR cho thiy ring co sy xuat
hién cac peak S=O (1032 c¢cm™) va nhom SO;H
(1118 cm™) (Zhang et al., 2010) trén bé mit carbon
sau khi da sunfo hoa (Hinh 2). Diéu nay di ching

minh rang nhém chirc SO;H da dugc gin két 1én bé
mit nhing hat carbon. Hon thé nira thoi gian sulfo
hoa anh hudong dén cudong d6 cua peak trén bé mat.
Cuong d6 peak ting theo thoi gian phan ung va
mau phan tmg trong 15 gid cho cuong d6 peak 1a
cao nhat. Trong khi d6 thoi gian phan tng 20 gio,
cuong do cua cac peak cta cac nhoém chire trén bé
mit carbon giam manh c6 thé do chung bi phan
huy ¢ nhiét d6 cao (150°C) trong thoi gian dai. Tuy
nhién, d6i véi thoi gian phan ung ngan thi cuong
do6 peak kha thip, cho thay ring sy gin két
nhém SOzH it hon. Hon thé nita sau qué trinh sulfo
hoa ciing cho thiy xuét hién cua cic nhém chirc
nhu C=C (1617 cm), C=0 (1716 cm), va C-O
(1204 cm™) (Liang ef al., 2010a).
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Hinh 2: Pho phan tich FT-IR ciia hat carbon dwoc sulfo héa & cac khoing thoi gian khac nhau
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3.2.2  Anh huéng nhiét @6 phan vmg

Dé khao sat anh huong cta nhiét d6 dén kha
ning sulfo hoa, hdn hop gdm 50 g/L hat carbon
trong dung dich acid sulfuric dam dac (98%) duogc
phan Ung trong 15 gid ¢ cac khoang nhiét do
khac nhau tir 90-180°C. Két qua phan tich FT-IR
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(Hinh 3), chi ra rang nhiét do thich hop cho quéa
trinh sunfo hoa la 150°C do cac peak ctia nhom
chirc dai dién cho SO;H (1118 cm™! va 1032 cm™)
(Zhang et al., 2010) xuét hién trong phd cia nd véi
cudng do cao hon so v6i cac mau dugc thuc hién &
nhiét d¢ thap hodc cao hon.
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Hinh 3: Phé phan tich FT-IR cia hat carbon dwoc sulfo héa ¢ khoing nhiét dd khac nhau

3.2.3  Anh huong ciia ham heong carbon

Qué trinh tong hop xtc tic acid thi ham lwong
hat carbon trong dung dich H,SO4 can duoc xéc
dinh. D& tién hanh khao sat, ham hugng carbon
trong dung dich acid thay ddi tir 12,5-75 g/L dugc
st dung, phan ng dugc thyc hién trong thoi gian
15 gio va nhiét do (150°C). Két qua duoc trinh bay
Hinh 4, cho thdy ring mau sau khi sulfo héa trén
bé mit hat carbon xuét hién nhitng nhom chuc dai
dién cho SOsH 1a S=0O (1032 c¢cm™). Tuy nhién,
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cudng do peak ctia cac mau khong co su khac biét
dang ké, diéu nay chimg to rang khi ham luong
carbon trong dung dich acid khong anh hudng dang
ké dén kha nang gin két ciia nhom SOsH 1én bé
mit. Nhu vy, néu ding carbon ham luong thp s&
gdy ra lang phi acid va néu ham lugng carbon qua
cao khi d6 dung dich acid khong thé bao phu hét
toan bo hat va ciing khong thé tién hanh. Do vay,
ham lugng carbon thich hgp thuc hién phan ung
sunfo héa tao xuc tac acid nén carbon 1a 50 g/L.

$=0 (SO;H)
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Hinh 4: Pho phan tich FT-IR cia hat carbon dugc sulfo héa & cic ham lwgng carbon khic nhau

3.3 Thiy phéan tinh bgt

‘Phén ung thiy phan tinh bdt duge thuc hvién
nham khao sat kha nang cua xuc tac C-SOsH tong
hop dugc. Trong d6 cac thong so nhu nhiét dg, thoi
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gian va ham lugng xuc tac cd vai trd quan trong
(Yamaguchi & Hara, 2010) va dugc khao sat.
Ngoai ra kha nang tai st dung va kha nang xuc tac
ctia C-SOsH so véi H,SO, ciling dugc tién hanh.
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3.3.1 Anh huéng ham lwong xiic tac lén kha
nang thuy phdn tinh bot

Quaé trinh thuy phén tinh bot 200 g/L trong
nudc duge thyc hién véi cac ham luong xuc tac
khac nhau thay ddi tir 10-40 g/L & nhiét d¢ 1a 90°C
va thoi gian 8 gid nham dé khao sat anh huéng cua
lwgng xuc tic 1én kha ning thiy phan tinh bot. Két
qué thi nghiém chi ra ring (Hinh 5) nong d6 duong
tong ting theo ham luong xtic tac duoc sir dung va
dat gia trj toi wu turong Umg voi luong xuc tic su
dung la 13,4 g/L va nong d6 duong tong thu dugc
la 17,42 g/L. Tuy nhién nong do duong tong giam
khi lugng xuc tac sir dung giam xudng dén 10 g/L,
tuong Gmg voi ndng do dudng tong 1a 8,69 g/L.
Nguyén nhén la do diéu kién phan ung & nhiét do
kha cao (90°C) va thoi gian phan mg kéo dai thi
duong s& chuyén hoa thanh cac hop chat khac nhu
fufural (Kabyemela et al., 1999).

24
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Hinh 5: Anh huéng cia ham lugng xuc tac voi
tinh bt dén nong do dwong tong

3.3.2 Anh huong cua nhiét do phan umg xic
tac lén nong dé dwong tong

Pé khao sat anh hudng cia nhiét d phan ung,
phan tng thity phan v6i ndng d¢ tinh bot 200 g/L
va xuc tac su dung la 13,4 g/L trong nudc dugc
thuc hién & cac nhiét d0 khac nhau tir 60-90°C
trong 6 gio. Két qua thi nghiém (Hinh 6) cho thiy
rang trong khoang nhiét do tir 60 dén 90°C, ndng
d6 duong tong tang khi nhiét do thiy phén ting va
tang rat nhanh khi nhiét d6 phan émg chuyén tir 90
dén 120°C. Nong d6 duong tong thu duogc 1an luot
1a 0,03; 3,06; 4,07; 5,61; 20,99 va 22,29 g/L tuong
ung v&i nhiét d§ thuy phan la 60; 70; 80; 90; 120
va 150°C. Tai nhiét 46 150°C nong do duong tong
dat gia tri cao nhat, tuy nhién néu thyc hién qua
trinh thity phan & nhiét do nay thi duong s& dé bi
caramen hoa va chuyén thanh carbon (Kabyemela
etal., 1999).
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Hinh 6: Anh hwéng ciia nhiét d xiic tac Ién
nong d¢ dwong tong

333 Anh huong cua thoi gian xuc tac lén
nong do duong tong

Dung dich tinh bot 200 g/L chira luvgng xuc tac
13,4 g/L dugc thyc hién phan ing ¢ nhiét 46 90°C
trong khoang thoi gian khac nhau tir 2-8 gi6. Két

qué chi ra rang nong do duong tong tang theo thoi
gian thuy phan va dat gia tri duong téng cao nhat la
8,69 g/L tai thoi gian 8 gio (Hinh 7). Trong khoang
thoi gian tir 2-6 gid, ndng do duong tong tang nhe
tir 4,42 1én dén 5,61 g/L va sau d6 nong d6 duong
téng ting manh dén 8,69 g/L sau 8 gid phan Ung.
Tuy nhién khi thuc hién & thoi gian dai hon cung
v6i nhiét d6 khao sat 90°C thi ndng do duong tong
¢6 thé bi giam do dudng dé& bi giam cép & nhiét do
cao, trong thoi gian dai (Kabyemela ef al., 1999).
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Hinh 7: Anh huéng ciia thoi gian xic tic

3.3.4 So sanh kha nang xuc tac cua C-SO3:H
voi acid H,SOy

Két qua so sanh dugc trinh bay trong Hinh 8
cho thay rang trong cung mot diéu kién thuy phan
la nhiét d§ 90°C va thoi gian 1a 8 gid thi nong do
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duong tong thu duoc 1a 17,42 g/L tng véi luong
xuc tac C-SOsH str dung 1a 13,4 g/L trong khi d6
ndng d6 duong tong thu dugc khi sir dung xac
H>S04 (2%) 14 13,27 g/L.
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Hinh 8: Két’quﬁ so sanh hoat tinh xuc tac cia
acid ran (C-SOzH) véi acid H2SO4

3.3.5 Kha nang tdi xuc tac

Trong phan tng thuy phéan tinh bot, chat xuc
tac dugc kiém tra hoat tinh xuc tac qua 3 lan tai
sit dung. Két qua cho thdy, chat xtc tac c6 kha
ning thily phan tinh bot thanh duong voi nong do
duong tong & 1an 1, 2 va 3 lan luot 1a 17.4; 6,73 va
5,56 g/L. RS rang kha ning xuc tac giam dan qua
cac lan sir dung, tuy nhién & 1an 2 va 3 thi kha ning
xuc tac giam khong dang ké (Hinh 9).
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Hinh 9: Kha ning tii xiic tic ciia chit xic tic
4 KET LUAN

Két qua nghién ctru cho thdy rang qua trinh
thuy nhiét co6 thé dung d€ tong hop hat carbon véi

kich thudc micro tir nguyén li¢u duong glucose. Tur
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d6 co6 thé st dung dé tong hop xuc tac acid
C-SOsH. Qua trinh sulfo hoa carbon cho thy ring
thoi gian va nhiét d¢ anh huéng manh mé dén kha
ning gin két nhom SOs;H. Tuy nhién ham luong
carbon trong dung dich H,SO, khong anh huong
dang ké dén kha ning gin két nhom chirc nay.
Hoat tinh cta xuc tac duwoc khao sat trong phan tng
thity phan tinh bot va cho thdy rang khi ting thoi
gian, nhiét d6 cling nhu ham lugng xuc tac sé lam
tang hoat tinh cta xtic tdc. Nhu vay vdi viée su
dung hai qué trinh thiy nhiét va sulfo héa mé ra
huéng méi trong tong hop xuc tac acid nén carbon.
Diéu nay gop phan bao vé méi trudng va phu hop
vai tiéu chi cia hoa hoc xanh.
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