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Tém tit. Nghién ctru nay huéng dén viéc tim kiém mot giai phap méi nham xir ly Ch.’;:lt thai nong nghiép
(romra va Vo hat céNph{e). Hydrochar hoat tinh (HAC) ttr vo hat ca phé da dugc diéu ché bang mot phuong
phc'glp c6 dicu kién de ti€p cén va hiéu qua khong can sdy kho ngudn nguyén liéu ban dau. HAC dugc dicu
ché thong qua quy trinh hai budc Carbon hoa thuy nhiét (di€u kién hoat hoa thap 130°C, 2 gio, KOH 1
mol/L) va két hop nhiét phan. Hydrochar hoat tinh thu duoc c6 ham luong d6 acid tong cao 1,880 mmol/g
do c4ac nhém chire oxygenate hinh thanh tot trén beé mat vat liu va dién tich bé mdt riéng kha 16n 703,9
m?/g, kich thudc phan b 16 x6p 15,4 A, cho thiy kha ning hap phu va xuc tac tot. Co ché xuc tac cua
Hydrochar hoat tinh da dugc chirng minh thanh cong trong viéc chuyén hoa Cellulose rom ra thanh Glucose
ma khong can bién ,tinh gan thém nhom chirc nao 1én bé mat vat liéu. HAC c¢6 hoa‘g tinh x1uc tac cao va do
chon loc Glucose tot, mé ra trién vong ap dung rong rai trong cong nghiép hoda chat co ban, sinh hoc, ....
Hiéu suat duong khir tir phén ung thiy phan Cellulose rom ra dat 81,45 + 0,569% va d6 chon loc Glucose
kha cao 63,04 + 0,706%, d1eu kién phan mg ¢ nhiét do 180°C, thoi gian phan ng 2 gio trong moéi truong
H,O. Phuong phap nay dit nén tang cho cic nghién ctru trong twong lai vé tai str dung va quan 1y chit thai

ndng nghiép.
T khéa. Thuay phan, Cellulose, Glucose, Hydrochar hoat tinh, Carbon hoa thily nhiét, chat thai nong
nghiép

1 GIOI THIEU

Ngay nay, bién doi khi hau ngay cang dién ra nghiém trong, viéc tim kiém cac giai phap giam thiéu luong
khi thai carbon va tan dung hiéu qua cac ngudn chat thai ndng nghiém nhu rom ra, vo hat ca phé ...1a vo
cuing cap thiét. Hang nam viéc xu ly mot lugng Ion chat thai rom ra, vo hat ca phé ... sau mdi vu mua la
mét thach thirc voi nén ndng nghiép. Cac ngudn chit thai nong nghiép ndy duoc tan dung, tai ché dé san
xudt cac loai duong khtr nhu Glucose, Fructose 1a mot glal phap hiru hiéu cho bai toan xir Iy chat thai nong
nghiép, giam thiéu khi thai carbon, dong thdi cung cdp ngudn nguyén liéu doi dao cho cac nganh cong
nghiép hoa chit co ban, sinh hoc .... C4c loai duong khir Glucose, Fructose ...1a mét trong cac nguon
nguyén lidéu co ban nham chuyen hoa thanh céc héa chit c6 gia tri cao hon nhu Hexitols, 5-
Hydroxymethylfurfural (5-HMF), acid Levulinic, Ethanol [1].

Céc cong nghé thiy phan Cellulose thanh Glucose truyén thong chii yéu duoc thuc hién nhur thiy phéan
bang Enzyme [2], acid khoéng san nhu HCI, H,SO4 [3] va nudc siéu téi han [4]. Cellulose c6 tinh chat bén
va tan trong nudc nén qua trinh nay yéu cau can mot lwong lon acid khoang, Enzyme hoic dung méi ion
[5]. Glucose ¢ tinh chat hda hoc khong 6n dinh, gay ra nhiéu khé khan khi kiém soat qua trinh xuc tac
ddng thé, 1am giam hiéu suit thu duoc dang ké, ciing nhu tinh chon loc cua san phiam caa qué trinh thay
phan Cellulose [6]. Do d6, cac cong nghé thity phan Cellulose truyén théng con ton tai nhitng han ché nhat
dinh: anh huong dén hiéu qua hay tinh Kinh té ciia qua trinh. Phuong phap thiy phan Cellulose bang
Enzyme di&n ra kha cham, doi hoi can nhiéu thoi gian va diéu kién phan tng nghiém ngit, chi phi san xut
Enzyme cao gay ra nhiéu trg ngai trong viéc ap dung céng nghé nay & quy md cong nghiép [7]. Phuong
phép thily phan Cellulose bang acid ddng nhat thudong gy an mon thiét bi, lam giam tudi tho cua thiét bi
va tang chi phi bao tri. Kha ning tai st dung xuc tac acid sau phan ang thap, thuong bi thai bo gay ra céc
tac dong tiéu cuc dén moi truong, hé sinh théi [8]. Chinh vi vay, viéc st dung cac chat xdc tac rin duoc
ky vong s& mang lai nhiéu loi ich hon, do tinh d& thu hdi, ti str dung giam thiéu tac dong dén méi truong,
tang hiéu qua kinh t& va mé ra nhirng co hoi tng dung méi trong tuong lai [8]. CAc nghién cau gan day da
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tap trung vao viéc phét trién cac chat xdc tac ran dé thay thé cac phuong phéap thay phan Cellulose truyén
thdng, gitp nang cao hiéu suit, giam thiéu tac dong dén moi trudng va tao ra quy trinh san xut bén viing
hon. M6t sé loai xic tac rin da duoc nghién ctru nhu xdc tac kim loai quy Palladium (Pd) duoc gan trén
Silica-Alumina cho thay hiéu suat Glucose thu duoc tir qua trinh thily phan Cellulose dat 23,6% & diéu
kién phan tng 200°C trong 3 gio [9]. Chat xUc tac da di thé khong ddng nhit véi wu diém d& tach va tng
dung rong réi [10]. Chat xdc tac acid Sulfonat trén nén carbon tong hop 1 budc cho san lugng dudng khir
thu dugc 67,6% khi dugc thiy phan trong moi truong 1-Butyl-3-methylimidazolium chloride ¢ 130°C
trong thoi gian 60 phut [11]. Chat x(c téc acid rén dya trén nén carbon tir tinh thi van giir dugc 90% hoat
tinh cua chung sau nam 1an tai ché va d& dang thu hdi nhat. Tuy nhién, hiéu suit Glucose thu duoc 32%
khi sir dung chét x(c tac nay ¢ 363 K [12]. Xuc tac Silica c6 16 xp 16n véi kha niang chuyén hoa Cellulose
thanh Glucose véi hiéu suit 80% trong méi truong IL (lonic liquid), acid Citric ¢ 500°C [13]. Céc xUc tac
ran mang nhom chitic — SOzH, thuy phéan Cellulose tinh khiét thanh Glucose dat hiéu suét cao tir 75 — 92%
[14, 15]. Mot loat cac xuc tac khac cling da dugc nghién ciru nhu acid Sulfonic ¢ dinh [16-19], x(c tac
acid ran [8], HZSM-5 [20] va xuc tac acid rin trén nén carbon [21]. Trong dé, cac chat xic tac acid ran
trén nén carbon chira nhdm chirc -SO3H duoc quan tam nhiéu, thuong dugc didu ché theo hai budc don
gian. Budc tha nhét, cac loai duong, Cellulose hoac sinh khéi tho thudng duoc nhiét phan dé tao ra vat
liéu carbon. Budc thir hai, vat liéu carbon thu dwoc sulfonat vai acid sulfuric dam dic dé gan nhom chic
- SOzH. Qué trinh sulfonat héa tao ra khi doc hai va viéc tach cac san pham cudi cuing ra khoi H2SO4 dam
dic rat phuc tap. Do d6, cac phurong phap nay lam cho viéc chuan bi céc vat lidu carbon sulfonat c6 nguon
gbc tir sinh khdi chwa dap tng cac nguyén tic caa hoa hoc xanh.

Ngoai ra, cac chat x(c tac acid ran trén c6 hoat tinh xdc tac cao nhung lai d& bi giam hoat tinh khi tiép xdc
v6i mdi truong ¢ mudi trong sinh khéi [16, 20]. Nguyén nhan do acid vo co manh caa chét xdc tac giam
do cac nhém chirc acid manh trén xdc tc phan tng vai NaCl c6 trong sinh khéi, dan dén hoat tinh xdc tac
giam dang ké. Do d6, can bao toan hoat tinh ciia xc tac khi tiép xuc voi NaCl sinh ra tir sinh khdi. Mac
dd van con mot sé han ché néu trén nhung céc chét xuc tac acid ran trén nén carbon tir sinh khdi van dugc
ky vong sé gilp qua trinh thuy phan Cellulose dién ra o diéu kién dé thyuc hién hon, than thién VoI moi
truong va mé ra trién vong ung dung rong rdi trong thuc té. Do s phong phi va ddi dao caa ngu0n sinh
khoi thal glup hudng dén phat trién nen néng nghiép xanh, bao vé méi truong, hé sinh thai. Nham khic
phuc vén dé trén, cac nha khoa hoc can nghlen caru tim ra giai phap bao vé céc trung tam acid trén bé mit
xuc tac. Do d6, viéc nghién ciru phat trién cac hé xUc tac moi tlem nang van khéng ngiing phat trién.

Noi bat, nghién ctru cia Kobayashi va cong su [6] da chi ra rang hiéu suat Glucose thu dugc dat 88% khi
dung xuc tac than hoat tinh (K26) khdng gén thém nhém chirc cho qua trinh thuy phan Cellulose, dic biét
khi tang dién tich tiép xdc giira chat xdc tac va chat nén. Qua trinh nghién bi xuc tac K26 gitp tang dién
tich bé mat, tir d6 tang cuong kha ning twong tac vai Cellulose va cai thién hiéu suat phan tng thiy phan
[6]. Hoat tinh xc tAc K26 dugc chirng minh dua trén co ché hip phu Cellulose cua than hoat tinh (su két
hop gitra tuong tac vat ly cdc nhom chirc ky nudc) va twong tac phan tng héa hoc. Cac nhom acid
Carboxylic trén bé mit than hoat tinh déng vai tro quan trong trong viéc cit dut lién két Glycosidic cua
Cellulose sau khi bi hip phu [22]. Nghién ctru cua Kobayashi va cong su [22] da lam séng t6 vai tro cua
c4c thm hoat dong cua acid hiru co yéu trong viéc ic ché phan tmg trao ddi ion cua xUc tac khi tiép xtc
v6i NaCl tir sinh khéi. Tuy nhién, cac nghién ciu vé cha dé nay lai con rat nhiéu han ché, dic biét 1a ¢
Viét Nam.

Xuit phét tir nhitng co sé khoa hoc va ké thira cac nghién ctiu trueéc, nghién ctiru nay da ap dung phuong
phép Carbon héa thuy nhiét (HTC), két hop nhiét phan, khdng gan thém nhém chie dé diéu ché Hydrochar
hoat tinh tir vé hat ca phé l1am xuc tac cho phan wng thity phan Cellulose thanh Glucose véi nhiéu vu diém:
(1) phép HTC diéu ché tién chat Hydrochar dugc thyuc hién & diéu kién dé tiép can nhiét do thap (180°C),
trong moi truong nudc khdng can phai tiéu ton nang luong 1am khd nguon sinh khdi ban ¢au nhung phuong
phép nhiét phan thong thuong; (2) phuong phap HTC dugc dung dé hoat hda Hydrochar & diéu kién nhiét
do thap (130°C), thoi gian 2 gio, trong méi truong KOH, chi tiéu tén mot lugng nho KOH (ty 1¢ khéi luong
KOH va sinh khdi khoang 1/ 6,67). Luong dung dich KOH du sau khi thity nhiét c6 thé tai s dung cho
1an hoat héa sau; (3) su két hop ddng thoi qua trinh hoat héa héa hoc va nhiét phan. Khébi luong KOH con
lai trong san pham sau qué trinh carbon héa thay nhiét do khdng rira loc, khi dugc thuc hién qué trinh nhiét
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phan sé tiép hoat dong nhu mat tac nhan hoat hoa 1én vat ligu. Hon nira, qué trinh hoat héa bang dung dich
KOH con gilp tao ra nhiéu nhom chira oxy trén bé mat vat liéu [23-25]. Két qua nay hoan toan pha hop
Vvéi cong bd trude day cua téc gia [26]. Cac nhom chirc chira oxy nay la mot trong cac yéu té rat quan trong
trong viéc tng dung vat liéu lam xdc tac cho qué trinh thuy phan Cellulose thanh Glucose [27].

Qué trinh diéu ché Hydrochar hoat tinh tir vo hat ca phé khong chi gop phan giam thiéu mot lugng Ion chat
thai ndng nghiép, giam 6 nhiém moi trudng ma con tao ra mot loai xdc tac higu qua cho phan ang thuy
phan Cellulose. Do d6, viéc tan dung céc chat thai ndng nghiép dé tao ra céc loai vat liéu co gia tri cao
hon, & diéu kién diéu ché, hoat hda nhe nhang lam tang tinh bén viing cua qua trinh nay. Pay 1a mot hudng
di mai, hira hen mang lai hiéu qua cao va than thién véi moi truong.

2 NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén vat liéu

V6 hat ca phé Robusta, Coffea Canephora dugc thu thap tir mot nha may xay xat ¢ thanh phé Bubén Ma
Thuot, tinh Daklak, Viét Nam. V6 ca phé dugc phoi khé tu nhién va nghién thanh bot, sang loc qua ray
kich thuéc hat tir khoang 500 pm.

Cellulose dugc tach tir nguon rom ra gidng lGa IR-64 thu thap tai huyén Binh Chénh, thanh phé H5 Chi
Minh. Rom ra duogc 1am khé ty nhién, cit thanh kich thudc 1 — 2 mm (may cit SE-100). Sau d6 rom ra
duoc siy khd ¢ 105°C dat dén d6 am < 2%. Sau d6, rom ra duoc dem di xtr Iy nd hoi nudc & didu kién
nhiét d6 200°C, thoi gian lvu 5 phut. San pham sau khi bi nd hoi nudc tiép tuc dugc xir ly loai bo Lignin
vé6i dung dich kiém 3 %, trong 6 gio dé thu duoc Cellulose.

2.2 Diéu ché Hydrochar hoat tinh
+H,0

/S
4

Hydrochar

Loc

)  \
Say kho

105°C

~

Hydrochar Nhiét phan  105°C 130°C, 2 gio
hoat tinh 700°C, 2 gitr
Hinh 1. So d6 quy trinh diéu ché Hydrochar hoat tinh

So d6 quy trinh diéu ché Hydrochar duoc trinh bay trong Hinh 1 bao gém 2 budc chinh:
Buwée 1. Bidu ché tién chat Hydrochar theo quy trinh tac gia dd cong bd [27] bang phuong phéap carbon héa
thity nhiét trong méi truong nude ¢ diéu kién nhiét do thap180°C va thoi gian luu 6 gio.
Budc 2. Piéu ché Hydrochar hoat tinh (HAC) theo quy trinh tac gia da cong bd [28], cu thé: can 10g
Hydrochar cho vao 200 ml dung dich KOH 1 mol/L, tron khudy bang may khudy tir trong thoi gian 30 phut.
Hén hop duge cho vao Autoclave co 16t Teflon thé tich 400 mL, day kin va tién hanh gia nhi¢t ¢ nhiét do
130°C trong thoi gian 2 gio. San pham sau thity nhiét duoc thu bang cach loc nhung khong rira loc va sau
d6 say kho & 105°C. Sau d6, san phdm nay dugc nhiét phan & nhiét d6 700°C, trong mdi truong nito tinh
khiét (95,995%) trong 2 gio. Vat liéu Hydrochar hoat tinh sau nhiét phan dugc rira bang acid HCI nong do
lodng va nudc cit nhiéu 1an cho dén khi dung dich nudc ria 6 do pH trung tinh.
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2.3 Phwong phip danh gia ciu tric vat liéu xic tic Hydrochar hoat tinh

Hinh thai ciu triic bé mat anh SEM cua Hydrochar va Hydrochar hoat tinh do trén may SEM — Hitachi S
4800 thudc trung tdm nghién ciru trién khai cong nghé cao thanh phd H6 Chi Minh. Dién tich bé mit riéng
(BET) va cau triic phan bd 16 x6p ctia Hydrochar va Hydrochar hoat tinh do trén may Quantachrome NOVA
1000e bang phuong phap hap phu Nz & nhiét do — 196°C. Phuong phép quang ph6 hong ng0a1 (FTIR) xéac
dinh cac lién két clia cac nhoém céu trac ciia Hydrochar va Hydrochar hoat tinh do thiét bi Tensor 27 —
Bruker thudc Vién Khoa hoc Vat liéu Ung dung. Cac nhom chirc bé mat trén Hydrochar hoat tinh dugc
dinh luong bang phuong phap chuan do Boehm [29] trén thiét bi chuan d¢ dién thé — model 848 titrno plus,
Metrohm — Thuy S¥.

2.4 Nghién ciru hoat tinh xtc tac ciia Hydrochar hoat tinh cho phén @ng thily phian
Cellulose rom ra thanh Glucose bang ky thuit Autoclave

2.4.1. Chudn bj té hgp nghién x(c tac (HAC/ Cellulose rom rq)

Hdn hop HAC/ Cellulose rom ra dugc tron véi ti 18 theo khéi lugng Mg tae: Mceliuose = 15% [6] tién hanh
nghién trén may nghién bi Fritsch P6. Hai yéu t6 chinh anh huong dén chat luong to hop nghién xuc tac:
tbc d nghién va thoi gian nghién. Khao sat téc d6 nghién trong qua trinh chuén bj t6 hop nghién xic tac
HAC/ Cellulose 1an luot s& thuc hién tai toe do 160, 260, 360, 460, 560 vong/ phiit, ¢ dinh thoi gian nghién
1a 2 gio. Khao sat thoi gian nghién chuan bi to hgp nghién xtc tac HAC/ Cellulose 1an luot s& thuc hién tai
05,1, 2, 3, 4 gio, ¢d dinh téc do nghién t6i wu nhét khao sat trén thu duogc. Céc thong s6 khéo sat tham
khao tai liéu [2]. Sau d6 cac hdn hop nghién xuc tac theo cac tdc do nghién hodc cac thoi gian nghién khac
nhau s& dugc danh gia hidu qua bang phan mg thiy phan. Phan tmg thity phan dugc thyuc hién trong 40 mL
dung dich nudc c¢é chira ndng d6 HCI 0,012%, diéu kién nhiét d6 phan tmg 180°C, trong thoi gian phan
g 2 gio [6] trong thiét bi Autoclave. Ham lugng duong khir thu dugc sau qua trinh thiy phan sé dugc xac
dinh dua trén phuong phap Imoto [30] va dua phuong trinh duong chuan da dugc nhom tac gia cong bd
trong nghién ctru trude [31].

Tt ca két qua dit lidu thi nghiém trong nghién ciru dwoc tién hanh 3 1an 13p lai, sau thir nghiém duoc phan
tich phuong sai theo kiéu thiét ké hoan toan ngiu nhién mot yéu té bang phan mém JMP prol4. Tirkét qua
phan tich ANOVA néu hiéu qua cua cic yéu td nghién ciru ¢ y nghia véi gid tri p < 0,05, thi kiém dinh Tukey
HSD (Tukey’s Honestly Significant Difference Post Hoc Test) dugc sir dung dé phéan loai cac nghiém thirc.

2.4.2 Khdo sdt yéu té anh hwéng phdn iing thity phéin Cellulose rom ra

Yéu t6 nhiét d6 va thoi gian thuy phan duoc khao sat voi t6 hop nghién xdc tac HAC/ Cellulose tbi uu thu
duoc & muc 2.4.1. Khao sat yéu t6 thoi gian thiy phan 1an luot s& thyc hién tai 0, 5, 1,2, 3, 4 gio, ¢b dinh
yéu to nhiét do thuy phan ¢ 180°C, trong 40 mL H,O chira HC1 0 012%. Khao sat yeu t6 nhiét do phan mg
thity phan 1an luot s& thyc hién tai 120, 140, 160, 180, 200, 220°C, ¢ dinh yéu té thoi gian thiy phan &
diéu kién toi wu nhét khao st trén thu dugc, trong 40 mL H,O chira HCI 0,012%. Cac thong sé khao sat
tham khao tai liéu [2]. Ham lugng duong khir thu dugc sau qua trinh thily phan s& duoc x4c dinh giéng nhu
trong muc 2.4.1.

2.4.3 Quy trinh thwc hién qua trinh thiiy phdn Cellulose rom ra

Qua4 trinh thuy phan Cellulose rom ra bang t6 hop nghién xtc tac HAC/ Cellulose t6i wu theo muc 2.4.1
dugc trinh bay Hinh 3. Cu thé, dugc thyuc hién trong thiét bj Autoclave trong 40 mL dung dich nudc c6
chira nong d¢ HCI 0,012% [6], diéu kién nhiét do thity phan, thoi gian thity phan t6i wu theo muc 2.4.2.
Ham luong duong khir thu duge sau qua trinh thity phan s& duoc xac dinh gidng nhu trong muc 2.4.1. Ham
lugng Glucose dugc xac dinh bang phuong phap HPLC theo ludn 4n ctia tac gia [32].
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Hinh 2. Quy trinh thyc hién qua trinh thay phan Celulose rom ra bang thiét bi Autoclave [32].

2.4.4 X&c dinh tdm hoat tinh xvc tac cia Hydrochar hogt tinh

Hydrochar hoat tinh dugc xir Iy 1an lugt trong cac méi trudng dung dich khac nhau: dung dich dém pH = 4
(CH3COOH/CH3COONa viét tit AcCOH/AcONa); dung dich pH = 7,0 (NaCl); dung dich pH = 8,3
(NaHCO3); dung dich pH = 12,6 (NaOH), nham trung hoa c4c tam acid twong tng trén Hydrochar hoat
tinh. Sau d6, hon hop lan lugt dugc tién hanh nghién bi véi Cellulose rom ra dé chuan bi thir hoat tinh cho
phan tmg thiy phan. Hiéu suit Glucose thu dugc khi thiy phan Cellulose nghién riéng 1¢ khong c6
Hydrochar hoat tinh, c6 xtic tac Hydrochar hoat tinh va céc xtic tac Hydrochar hoat tinh dugc xur 1y ¢ trén.
Phan {mg thily phan duge thuc hién trong 40 mL dung dich nuéc co chira ndng do HCI 0,012% [6], diéu
kién nhiét d6 180°C, trong thoi gian 2 gio bang thiét bi Autoclave.

2.45 Khdo sdt khd nang tdi sinh cia xdc tac Hydrochar hoat tinh

Kha ning tai sinh ciia chat xic tic HAC duoc thuc hién trong 5 chu ky tai sinh. Qua trinh thity phan
Cellulose rom ra dugc thuc hién trong thiét bi Autoclave v6i hdn hop xac tac HAC/ Cellulose (ti 18 Miac tac:
Meceituiose = 15%) thuc hién trong may nghién bi véi toe do nghién 360 vong/phiit va thoi gian nghién 2 gio,
trude khi thuc hién phén tng thuy phan. Phan Gmg thiy phan dugc thuc hién trong 40 mL dung dich nude
¢6 chira ndng 6 HC1 0,012% [6], diéu kién nhiét d6 thity phan 180°C, trong thoi gian thity phan 2 gid bang
thiét bi Autoclave. Sau khi phan tmg dau tién két thuc, xtic tic Hydrochar hoat tinh dugc tach ra khoi hdn
hop phan tmg, xtic tac duoc rira sach nhiéu lan bang may danh siéu 4m véi nudc cat, sau d6 say kho o 80°C
trong 24 gio, dé chuin bi hdn hop nghién xtc tac cho lan ké tiép.

3 KET QUA VA THAO LUAN
3.1 Pic trung tinh chit cia Hydrochar hoat tinh

S-4800 10.0kV 10.0mm x1.00k SE(M) $-4800 10.0kV 7.8mm x20.0k SE(M)

Hinh 3. Hinh anh SEM ciia (a) Hydrochar vo hat ca phé va (b) Hydrochar hoat tinh
Hinh théi cAu trac bé mat cua Hydrochar va Hydrochar hoat tinh dugc thé hién 4nh SEM (Hinh 3). Quan
sét tryc quan (Hinh 3a) cho thay hinh thai c4u trac bé mat Hydrochar go ghé, tho rap, khong dong nhat, it
16 trdng va cau trac 16 x5p kém phat trién so v6i Hydrochar hoat tinh. CAu tric bé mit ciia Hydrochar hoat
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tinh (Hinh 3b), c6 dic diém cac 16p phan tang voi sy hién dién cta nhiéu 16 xdp khong dong nhat vé kich
thudc va hinh thai. Cau trac x6p ctia mau Hydrochar hoat tinh duoc cai thién rd rét sau khi hoat hoa, su
hinh thanh cta céac 16 xop ¢6 kich thuée 16n hon va dién tich bé mit tang dang ké, tao diéu kién thuan loi
cho céc tng dung Viéc giai phong cac hop chat hitu co trong Hydrochar khi bi hoat hoa bang KOH c6 thé
12 mot co ché quan trong gay ra hién tuong trén [26]. Sy twong tac gitra KOH va carbon khong chi tao ra
hé thdng 15 x6p phat trién ma con lam tang tinh phan cuc ctia bé mat vat lidu do hinh thanh cic nhom
Hydroxyl. Nguyén nhan do KOH c¢6 tinh kiém manh, tac dong 1én lién két carbon trong Hydrochar, gay ra
céc phan tng phan huy, giai phong cac khi Hydro, Carbon monoxide (phuong trinh 1 va 2). Pdng thoi, cc
ion hydroxide (OH-) tir KOH s& twong tac vdi cac nguyén tur carbon con lai, tao thanh cac nhém Hydroxyl
(OH-) trén bé mat, tir ¢6 hinh thanh 15 x6p. Piéu nay gop phan cai thién dang ké kha nang hip phu va xuc

tac cua vat liéu [33, 34]:
6 KOH+2C > 2K+ 2 K,CO3; + 3 Hy @
K:CO3;+2C —>2K+3CO 2
0.035
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Hinh 4. Duong dang nhiét hap phu va giai hap nito (a) va phan b kich thude 16 x6p (b) cia Hydrochar va HAC

Céu triic 16 X0p dong vai tro then chdt trong viéc quyét dinh kha nang hap phu ciia Cellulose vao Hydrochar
hoat tinh. Két qua mo ta duong dang nhiét hip phy/ giai hap nito ctia Hydrochar va Hydrochar hoat tinh
(Hinh 4a) cho thy su két hop dic trung cta cac loai hinh I va IV theo phéan loai TIUPAC. Trong d6, loai
hinh I chiém wu thé hon cho thiy sy hién dién ddng thoi ciia cac 16 vi xdp va céac 16 x5p mesoporous trong
Hydrochar va Hydrochar hoat tinh. Su phéan b kich thudc 16 xdp (Hinh 4b) ¢6 kich thuéc 16 x6p trung binh
khoang 15,8 A. Piéu nay, cho thiy tiém ning (mg dung cua hai vat liéu nay trong cac linh vuc yéu cau dién
tich bé mat 16n va thé tich 16 Xép cua vat li€u cao. Qua trinh bién d6i thuy nhiét da tao ra mot lugng 16n cac
16 x0p méi trong Hydrochar hoat tinh, dan dén sy ting dang ké lwong hip phu N, bao hoa va dién tich bé
mit riéng (BET) ctia Hydrochar hoat tinh dat 703,9 m?/g, cho thiy tiém ning tmg dung cua vat liéu nay
trong céac linh vyc hap phu va xuc tic. Do do, qua trinh kich hoat tao ra thém cac 16 xdp va nhém chirc bé
mit, gitp tang dién tich tiép xtic va kha ning tuong tac v6i cellulose, tir d6 nng cao kha ning hap phu va

xUc tac.
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Hinh 5. Ph6 FTIR cua (a) Hydrochar vo hat ca phé va (b) Hydrochar hoat tinh (HAC)

Két qua mo ta phd FTIR ctia Hydrochar va Hydrochar hoat tinh dugc trinh bay trong Hinh 5. Ph6 FTIR cho
thdy su hién dién cua cac dai hip thy rong va manh & ving 3370 — 3418 cmt d6i véi Hydrochar va HAC
tuong ung, day 1a dic trung cho dao dong kéo gidn ciia nhom Hydroxyl. Piéu nay ching to, su ton tai
phong phu ctia cic nhém Hydroxyl ty do trén bé mit hai loai vat liéu, gop phan vao kha nang hap phu va
tao diéu kién cho céac tuong tac lién két Hydro v&i cac phén tir dich [26, 35, 36]. Hydrochar va HAC c6 dao
dong & ving 2925 cm'* cho thiy sy xuét hién cila dao dong nhom metyl —CH. Hydrochar va HAC 1an luot
¢6 Dao dong & 1620 cm™ va ¢ 1619 cm™ twong tng cho thiy sy xuét hién ciia dao dong C = C. Pic biét,
phd FTIR cua HAC xuit hién dinh & 1714 cm? chimg t6 ¢ sy xuét hién cﬁa dao dong C = O. Ca hai phd
Hydrochar va HAC déu c6 dao dong pho rong & khoéng 1032 — 1035 cm™* twong ng chimng t6 dao dong
C-O—C thuong co trong ete, este hodc phenol. Két qua FTIR cua nghlen cu’u nay twong tu voi két qua ciia
tac gia va cong su [26]. Cac nhdm chirc chira oxy ndy mot trong cac yéu td rat quan trong trong tng dung
vat li¢u lam xuc tac thuy phan Cellulose thanh Glucose.

Bang 1 trinh bay két qua dinh lugng chi tiét vé cic nhém chirc nang bé mit ciia Hydrochar va HAC, thu
dugc bang chuin dé Boehm [29]. Dt liéu trinh bay trong bang nay cung cap thong tin can thiét vé& hoa hoc
bé mit ctia vat liéu va dong vai tro 12 nén tang dé giai thich hién tuong hip phu va xitic tic quan sat duoc.
Hydrochar hoat tinh dugc diéu ché thong qua qué trinh thity nhiét c6 bé mit chira cac nhém chirc chira oxy
cao duogc du kién s& dong mot vai tro thiét yéu trong qua trinh thity phan Cellulose ctia Hydrochar hoat tinh.

Béng 1. Pinh lugng nhom chirc bé mit ciia Hydrochar va Hydrochar hoat tinh.
Cac nhom chirc chira oxy (mmol/g)

Vit ligu — : , , — Tong
Nhdm acid Carboxylic ~ Nhém Lactones Nhom Phenolic

Hydrochar vo hat ca phé 0,064 0,097 0,307 0,468
Hydrochar hoat tinh 0,870 0,416 0,594 1,880

3.2 Két qua phan ing thiy phéin Cellulose thanh Glucose

3.2.1 Chudn bj té hop nghién xiic tdc HAC/ Cellulose rom ra

Anh hwong ciia téc dp nghién xtc tac HAC/ Cellulose rom ra

Két qua nghién ctru cho thiy téc do nghién Cellulose rom ra va Hydrochar hoat tinh tac dong truc tiép 1én
hiéu suat duong khir (Hinh 6). Do va dap vai bi nghién va bi ma sat vdi thanh coi trong qua trinh nghién co
hoc, cac lién két Glucosidic cuia Cellulose bi cat dut. Bén canh do, ap suat va nhiét do ting cao ciing gop
phan vao viéc pha v& cau triuc phan tir Cellulose va tao thanh cac loai duong khir thong qua cac phan Gng
xuc tac. Két qua khao sét cho thay viéc ting toc do nghién tir 160 1én 360 vong/phut da dan dén sy gia ting
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dang ké hiéu suat duong khtr, dat mirc t6i da 80,89% (p < 0,05) cho thdy mot mbi quan hé truc tiép giira
hai yéu té nay. Tuy nhién, higu suit duong khir khong dwoc cai thién dang ké khi toe do nghién tang tir 360
I&n 460 vong/pht, do chénh 1éch khi ting dat mirc 0,23% (p < 0,05). Khi tdc d6 nghién tang tir 460 1&n 560
vong/phut, hiéu suat duong khir con giam do chénh léch khi giam dat mirc 1,27% (p < 0,05). Chiing to,
ngudng gidi han cta toc do nghién da xuit hién ddi v6i qua trinh thiy phan Cellulose. Nhu vay, toc do
nghién 360 vong/phut 1a thich hop dé tao to hop xiic tic cho qua trinh thity phan Cellulose. Két qua nay
hoan toan pht hop v6i két qua phan tich thong ké kiém dinh phan loai Tukey HSD véi dd tin cdy 95%. Qué
trinh thay phan Cellulose thanh céc san pham dudng khir dugc thiic ddy do sy va dap va ma sat sinh nhiét
trong qua trinh nghién, lam dat gay cac lién két p-1,4 Glucosidic dé tao ra cac Oligosaccharide tan trong
nude va sau do tiép tuc bi thily phan thanh cac san pham dudng khir. Qua trinh nghién hon hop Cellulose
va xuc tac trude khi thay phan da gitp ning cao hiéu suit chuyén hoa Cellulose, chimg t6 tim quan trong
ctia budc tién xir 1y nay.

90
= HAC a a
80 -e- Hydrochar T % """"" %
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= ]
= 60 -
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14 ]l ¢
2 401 )
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Hinh 6. Anh hudng cua tc do nghiér} 1én hiéu sudt duong khir cuia Hydrochar hoat tinh,
cac thong s0 a,b,c gia tri thong ké kiém dinh phan loai Tukey HSD véi d6 tin cay 95%.

Anh hwéng ciia thoi gian nghién xc tac (HAC/ Cellulose rom ra)

Két qua thoi gian nghién t6 hop nghién xuc tac HAC/ Cellulose ¢6 anh hudng dén hiéu suét duong khir
trong qua thuy phan Cellulose (Hinh 7). Khi kéo dai thoi gian nghién s& gitp ting hiéu suat duong khur.
Thoi gian nghién xtc tac khi kéo dai tang tir 0,5 dén 2 glo gilip nang cao hiéu sudt duong khir tang tir
43,14% 1&n 81,05% (p < 0,05). Tuy nhién, khi thoi gian nghién xuc tic ting tir 2 dén 4 gio, hiéu suit dudong
khtr ctia Hydrochar hoat tinh hau nhu khong co su bién dong dang ké, do chénh 1éch nho 0,81%. Viéc kéo
gio thoi gian nghién 1au s& gay tiéu tén nhiéu ning lugng, ciing nhur nng céo gia thanh cta qué trinh qua
thity phan Cellulose. Do do, thoi gian nghién 2 gio 1a thich hop dé chuan bi hdn hop nghién xac tac HAC/
Cellulose cho phan tmg thuy phan Cellulose. Két qua ndy hoan toan pht hop véi két qua phan tich théng
ké kiém dinh phan loai Tukey HSD véi d tin cay 95%.
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Hinh 7. Anh hudng cua thoi gian nghién I&n hiéu suat dudng khir cua Hydrochar hoat tinh,
cac thong s6 a,b,c gia tri thong ké kiém dinh phén loai Tukey HSD v&i d6 tin cay 95%.
3.2.2 Khdo sdt cdc yéu té anh hwéng dén qud trinh thity phin Cellulose rom ra
Anh hwéng ciia thoi gian phdn teng thiy phin
Két qua hiéu suat duong khir tao thanh dugc chiu anh hudng vao thoi gian phan tmg thity phan dugc trinh
bay trong Hinh 8.
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Hinh 8. Anh hudng cua thoi gian phan tng thuy phan I&n hiéu suat duong khtr trén Hydrochar hoat tinh,
cac thong sb a,b,c gi4 tri thdng ké kiém dinh phan loai Tukey HSD véi d6 tin cay 95%.

Khi thoi gian thuce hién phan Gmg thay phan khi kéo dai ting tir 0,5 dén 2 gio, giup nang cao hiéu suit duong
khir tiang tir 44,60% 1én 81,45% (p < 0,05). Hiéu sudt duong khir ting nhanh khi kéo thoi gian thuy phén
¢6 thé do ham lugng Oligosaccharide tan trong nuéc doi dio trong giai doan dau. Khi thoi gian thyc hién
phan tng thity phan tiép tuc ting tir 2 dén 3 gio, hiéu suat duong khir ting rat chdm. Sau 3 gid phan tng
hiéu suat duong khir d6 chénh léch chi ting nhe 0,30%. Tuy nhién, khi thoi gian phan tng thity phan tiép
tuc kéo dai sau 4 gio phan tng hiéu suat duong khir bi giam xudng 2,19%. Nguyén nhan co thé khi kéo dai
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thoi gian phan tng thi duong khir sinh ra dé bi phan hity, giam cap dan dén hiéu suat duong khir giam [37].
Do d6, thoi gian thyc hién thay phan 2 gio 1 thoi gian thich hop nhét thyc hién phan tng thay phan
Cellulose trong thiét bi Autoclave. Két qua nay hoan toan phu hgp véi két qua phén tich thong ké, kiém
dinh phan loai Tukey HSD véi d9 tin cay 95%. So sanh v&i thoi gian viée chuyén héa thity phan Cellulose
v6i hdn hop nghién xtic tac than hoat tinh (K26) tir than cc ctia Kobayashi va cac cong sy [6] thi thoi gian
thue hién phan Gng ctia nghién ctru nay can dai hon. Nguyén nhan c6 thé do viéc thuc hién phan tmg thity
phan trong thiét bi Autoclave khong c6 dao tron.

Anh hwéng ciia nhiét dp phén irng thiiy phin

Két qua anh hudng ctia nhiét do thily phan dén qué trinh thiy phan Cellulose bang hdn hop xiic tic nghién
trong thiét bi Autoclave (Hinh 9). Két qua cho thiy khi nhiét d6 phan (mg cang ting s& thiic day lam ting
hoat tinh ctia xtc tac, din dén téc d6 phan tng dugc déy nhanh, [am tang luong san phém tao thanh. Khi
tang nhiét do thuy phan tir 120 1én 180°C, hi¢u sut duong khur cia Hydrochar hoat tinh da tang ro rét, dat
tir 40,07% lén dén 81,45% (p < 0,05). Khi tiép tuc ting nhiét do phan (mg thity phén tir 180 1én 220°C, hiéu
sudt duong khir ting rat cham va c6 khuynh huéng giam. Khi nhiét d6 ting 1én dén 220°C hiéu suit duong
khir giam, do chénh 1éch giam 2,69%. Viéc giam hiéu suit duong khir khi nhiét do tang cao c6 thé do cac
nguyén nhan: qué trinh caramel héa va giam cip cia dudng & nhiét do cao [37], su chuyén hoa Glucose
thanh cac din xuat nhu HMF, Fufural khi nhiét do tang qua cao [38] va qua trinh ddng phan hoa Glucose
thanh Fructose ¢ nhiét do cao. Nhiét do phan ung la yeu t6 quyét dinh dén tdc do thuy phan Cellulose rom
ra. Su gia ting nhiét do phan tng khong chi thiic ddy qué trinh thity phan ma con c6 thé gay ra sy xudng
cip ctia san pham. Két qua thu duoc trong nghién ctru ndy twong tu voi két qua tac gia Guo Haixin va cong
su [39] da cong bd khi nhiét d6 ting thi hiéu sudt duong khir ban dau ting 1én va sau d6 giam dan. Do do,
nhiét do thuc hién thay phan 180°C 1a nhiét d6 thich hop thuc hién phan Gng thily phan Cellulose trong
thiét bi Autoclave. Két qua nay hoan toan pht hop voi két qua phén tich thong ké, kiém dinh phan loai
Tukey HSD v6i d9 tin cay 95%.
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Hinh 9. Anh huéng cua nhiét do phan (mg thuy phan 1én hi¢u suat dudng khir trén Hydrochar hoat tinh,
cac thong so a,b,c gia tri thong ké kiém dinh phan loai Tukey HSD vai d6 tin cay 95%.
3.2.3 Ham luwong Glucose thu dwoc tir qud trinh thity phin Cellulose rom ra

Séc ky do phan tich ham lugng Glucose thu dugc tir qua trinh thiy phan Cellulose rom ra véi X(c tac
Hydrochar hoat tinh bang thiét bi Autoclave thé hién trong Hinh 10. Hiéu suat duong khtr thu dwoc tir qua
trinh Cellulose rom ra dat 81,45 + 0,569%. Trong do, ham Iugng Glucose thu dugc dat 63,04 + 0,706%.
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Két qua tuong thich v6i ham lugng Glucose tac gia va cong su da cong bd vé nghién ciru hoat tinh xdc tac
cua ACC 16i bip [27].

RID1 A, Refractive Index Signal (DETDPO22002302820000021.0)
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Hinh 10. Sic ky db ctia Glucose phén tich bang phuong phap HPLC

3.3 Két qua danh gia vai tro tim hoat tinh xuc tic cia HAC
Vai tro cac tm hoat tinh trén xuc tac cuia HAC duogce trinh bay trong Hinh 11.
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Hinh 11. Hiéu suat Glucose trén cac hon hop xtc tac nghién véi HAC di xir Iy trong cac mdi trudng pH khéc nhau,
cac thong so a,b,c gia tri thong ké kiém dinh phan loai Tukey HSD vai d6 tin cay 95%.
Ham luong Glucose thu dugc khi ding don thuan xuc tac HAC dat 63,04% (p < 0,05). Khi ding x(c tac
HAC da bi xur ly trong moi truong dém pH = 4, HAC-AcOH/AcONa thi ham lugng Glucose thu dugc dat
63,09% (p < 0,05). Didu nay cho thiy hoat tinh cua xuc tic HAC khong thay déi khi bi xir 1y trong moi
truong dém pH = 4. Chimg t6, cac nhom acid Carboxylic va Phenolic trén bén mit xtc tic HAC ¢6 vai tro
Ia tam hoat tinh xuc tac chinh. Bén canh d6, khi dung xtc tac Hydrochar hoat tinh da bi xir Iy trong méi pH
=7, HAC-NaCl thi ham lugng Glucose thu dwoc dat 62,91% (p < 0,05), cho thdy HAC-NaCl khong thay
d6i trong moi pH =7. Piéu nay chimg minh HAC-NaCl c6 kha nang khang lai anh hudng ctia ham lugng
mudi NaCl c6 mit thuc té trong sinh khéi rom ra [40, 41]. Tuy nhién, khi diing xdc tdc HAC bi xir Iy trong
mdi truong pH =8,3, HAC-NaHCO; ham lwong Glucose thu dugc giam thip dat 11,37% (p < 0,05). Nguyén
nhan NaHCOs da phan tng trung hoa hét cac nhom chire acid Carboxylic trén xdc tic HAC. Chimg t6 acid
Carboxylic dong vai tro nhu mdt tim hoat dong chinh cua xtc tac. Khi dung xac tdc HAC da bi xtr ly trong
mdi truong pH = 12,6, HAC-NaOH, ham luong Glucose thu dugc giam thap nhét dat 4,36% (p < 0,05).
Nguyén nhan do x(c tic HAC bi trung hoa hoan toan cac nhém chirc acid trong méi truong NaOH. Két qua
nay hoan toan pht hop vé6i két qua phan tich théng ké, kiém dinh Tukey HSD véi d6 tin cay 95%. Ham

Hiels suabGlucose (%)
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NaCl-HAC

NaOH-HAC
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luong Glucose thu dugc khi ding xtc tac HAC, HAC-AcOH/AcONa, HAC-NaCl déu c6 chung mot gia tri
phan loai théng ké “a” c6 ¥ nghia khong khac biét (p < 0,05). Ham lugng Glucose thu dugc khi dung xtc
tac HAC-NaOH va khéng xtc tac déu c6 chung mot gia tri phan loai thong ké “c” c6 ¥ nghia khong khac
biét (p < 0,05). Do d6, hoat tinh xtic tac ctia HAC 1a dua trén cac nhom acid hitu co: acid Carboxylic va
Phenolic. Két qua nghién ctru cho thdy rang cac nhém Carboxyl va Carboxylate trén bé mat HAC dong vai
trd tm xuc tac quan trong trong qua trinh phéan cat lién két Glycosidic ciia Cellulose, thong qua co ché
proton héa va tin cong nucleophilic [42, 43]. Cac acid yéu cat dit lién két Glycosid cua Cellulose bang
céch hap phu dé dua cac phan tir Cellulose dén gan cac vi tri hoat dong. Két qua nay tuong thich véi két
qua tac gia va cong su [27] cong bd trong nghién ciru hoat tinh xtc tac cuia ACC 13i bip 1én qué trinh thiy
phéan Cellulose.

Co ché cua qua trinh thity phan Cellulose thanh Glucose bang Hydrochar hoat tinh ¢ thé di doan nhu sau:
xtc tac HAC hép phu cac phan tir Cellulose 1én trén bé mit HAC chu yéu thong qua cac twong tac van der
Waals va lién két hydro CH-r va tuong tac ky nude. Cac nhoém Phenolic va Carboxylic trén bé mat HAC
tao thanh céc lién két tao thanh lién két Hydro (OH — O) véi phan tir Cellulose dé thu hat mot lién két
Glycosid v6i nhém Carboxylic. Qué trinh proton hda nguyén tir oxy trong lién két glycosid 1a buéc khaoi
dau cho su phan cit lién két nay, tao ra ion Oxocarbenium. Bong thoi, ldc ndy mot phan tir nuée tan cong
vao lién két ion, din dén su phan cit va hinh thanh du lugng dudng khir, cling véi sy tai sinh acid Carboxylic
bang cach phan tir Cellulose con lai giai phong khoi carbon va chét xuc tac duoc tai sinh. Diéu nay chimng
minh, cac acid yéu trén bé mit HAC c6 kha nang cat dut lién két Glycosid ciia Cellulose bang cach kéo cac
phan tir Cellulose dén cac vi tri hoat dong. Hon nita, cic tdm acid Carboxylic va Phenolic ndy ngin can
viéc xay ra phan tng trao ddi ion véi NaCl cua sinh khéi. Do dé, xtic tic HAC ché tao théng qua phuong
phap HTC khf)ng bién tinh gin thém nhom chirc ¢6 kha nang khic phuc duge nhuoc diém mat hoat tinh
Xuc tac khi tiép xtc voi NaCl c6 san trong sinh khdi. Két qua nay phu hop voi Kobayashi va cong sy [22]
vé& vai tro tim hoat tinh chinh céc nhém Carboxyllc va Phenolic. Cac tdm hoat tinh xtc tic ndy c6 thé ngin
can phan tng trao dbi ion voi NaCl ¢6 sén trong sinh khoi.

3.4 Két qua kha ning tai sir dung xic tac ciia Hydrochar hoat tinh
Hiéu suat Glucose thu duoc sau cac lan 1ap lai thé hién trong Bang 2 va Hinh 12.
Bang 2. Kha ning tai sir dung cta xtc tic HAC sau 5 1an tai st dung

Thi nghiém Hiéu suat Glucose (%) Do acid tong (mmol/g)
1 63,04 + 0,706 1,880 + 0,0095
2 60,67 + 0,503 1,807 + 0,0090
3 57,62 + 0,548 1,714 +0,0075
4 51,91+0,741 1,618 + 0,0059
5 50,30 £ 0,382 1,598 + 0,0110
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Hinh 12. Hi¢u sudt Glucose thu dugce sau 5 1an tai sir dung hén hop nghién xac tac HAC,

cac thong so a,b,c gia tri thong ké kiém dinh phan loai Tukey HSD vai d6 tin cay 95%.
Hiéu suat Glucose giam dan sau 5 lan tai st dung ctia xuc tic HAC (Hinh 12) cho thiy vt liéu kha 6n dinh
khi tai su dung. Déng thoi, do bén héa hoc cua xuc tic HAC cling dugc chiing minh qua sy on dinh cua
ndng do acid tong (Bang 2). Hiéu sudt Glucose giam ti 18 thuan véi do acid téng ctia HAC sau cac chu ky
tai sinh. Cu thé, hiéu suit duong khtr ciia xtic tac HAC giam tir 63,04% xudng con 50,30% sau 5 chu ky tai
sinh (p < 0,05). Sy suy giam hiéu suat Glucose sau 5 chu ky tai sinh van ¢ mirc > 50%, chimng t6 hoat tinh
HAC kha ning tai str dung vuot trot. Két qua trén cho thay xac tic HAC 1a xtic tac rat tiém ning Gng dung
trong qua trinh chuyén héa sinh khdi thanh nhién liéu sinh hoc hudng dén phat trién bén viing. Két qua nay
hoan toan phul hop véi két qua phan tich thong ké, kiém dinh phén loai Tukey HSD véi do tin ciy 95%.

4 KET LUAN

Nghién ctru d3 mé ra mot huéng di méi trong viée tan dung chét thai nong nghiép, gop phan da dang hoa
cac nguon nguyén liéu cho nganh cong nghiép hoa chat va ning lugng. Qua trinh chuyén hoa Cellulose tir
rom ra thanh Glucose bang Hydrochar hoat tinh tir vé hat ca phé khong chi gop phan gidm thiéu chat thai
néng nghiép, 6 nhiém moi trudng ma con tao ra mot vong tudn hoan bén vimg, chuyén dbi chit thai néng
nghiép thanh san pham c6 gié tri. Phuong phép carbon hoa thiy nhiét (HTC) hai budc da tao ra Hydrochar
hoat tinh c6 céu triic x6p, bé mat 1on va ham lugng cic nhom chirc oxygenate cao, rat phu hop cho tng
dung trong xtc tac thiy phan Cellulose. Hoat tinh xtc tac cia HAC duoc chirng minh do céc vi tri tam acid
hiru co nhu Carboxylic va Phenolic. Cac tam hoat tinh nay ciia Hydrochar hoat tinh c6 kha nang khang lai
anh huong ctia ham lugng mudi NaCl c6 mat thue té trong sinh khéi rom ra. Hiéu suit duong khir dat 81,45
+ 0,569% va dd chon loc Glucose kha cao 63,04 + 0,706%, & diéu kién nhiét do 180°C, trong moi truong
H.O v6i thoi gian phan Gng 2 gio. Hydrochar hoat tinh thé hién kha nang tai sir dung vuot troi, duy tri hidu
suat trén 50% sau 5 chu ky tai sinh. Két qua nghién ctru da cho thiy rd rang hiéu qua ctia Hydrochar hoat
tinh trong viéc chuyén hoa Cellulose rom ra thanh Glucose. Nghién ciru nay da dit nén mong cho viéc phat
trién xdy dung mot nén nong nghiép xanh va bén viing. Trong tuong lai, can tiép tuc nghién ctru va dau tu
phat trién t6i wu hoa quy trinh va mé rong quy mo, hira hen mang lai nhiing giai phap bén viing cho cac
van dé moi truong.

LOI CAM ON
Xin chan thanh cam on Vién Khoa hoc Cong ngh¢ va Quan ly Moi Truong, Trudng Dai hoc Cong nghiép
Thanh pho H6 Chi Minh da tao co hoi cho t6i thuc hién nghién clru nay.
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ACTIVATED HYDROCHAR FROM COFFEE HUSKS: A POTENTIAL
CATALYST FOR THE HYDROLYSIS REACTION OF RICE STRAW
CELLULOSE INTO GLUCOSE FOR THE RECYCLING OF
AGRICULTURAL WASTE
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Abstract. This study aims to develop a novel solution for treating agricultural wastes, particularly focusing
on rice straw and coffee husks. A simple and efficient method was used to prepare activated hydrochar
(HAC) from coffee husks. HAC derived from coffee husks was produced via a two-step process involving
hydrothermal carbonization (activation under mild conditions at 130°C for 2 hours, using 1 mol/L KOH)
and pyrolysis. The obtained modified hydrochar exhibited a high total acidity of 1.880 mmol/g due to the
formation of abundant oxygen-containing groups on its surface, a large specific surface area of 703.9 m2/g,
and a well-defined pore size distribution centered at 15.4 A, suggesting its potential as an excellent
adsorbent and catalyst. The catalytic mechanism of activated hydrochar has been successfully demonstrated
in the efficient conversion of cellulose from rice straw into glucose without additional modifications to
surface functionalization. The results indicated that HAC exhibited high catalytic activity and selectivity,
demonstrating its potential for widespread applications in basic chemical and biological industries, etc...
The glucose yield reached 81.45 + 0.569% with a high glucose selectivity of 63.04 + 0.706% under the
reaction conditions of 180°C for 2 hours in water. This novel method lays the groundwork for future studies
on the reuse and management of agricultural waste.

Keywords. Hydrolysis, Cellulose, Glucose, Activated Hydrochar, Hydrothermal Carbonization,
Agricultural waste.
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