MO PAU
1. Tinh cap thiét ciia dé tai

Ethyl lactate la mot trong nhimng dung moi sinh hoc c6 kha néang
thay thé cac dung méi truyén théng cé nguon goc dau mé trong hon 80%
ting dung trong céng nghiép in, son, san Xuat chat tay ria, pha ché thudc
bao vé thuc vat,...do cac dac tinh tét nhu: kha nang hoa tan tot, it bay
hoi, kho bat chay, rat it anh huong dén sic khoe con nguoi, khdng gay
ung thu, phan huy sinh hoc, sir dung ngudn nguyén liéu tai tao, va dic
biét khong tham gia vao qua trinh tao ra ozone quang hoa tac dong xau
dén moi truong.

Ethyl lactate dugc tao thanh tir phan tng can bang nhiét dong gita
acid lactic va ethanol. B&n canh cac bién phap nham cai thién hiéu suat
thu ethyl lactate nhu cung cdp du ethanol; loai bo nudc lién tuc bang
cach chung cat dang phi véi mot dung moi khéc,...thi viéc két hop su
dung xUc tac acid 1a giai phap hiéu qua va can thiét nham 1am tang toc
d6 phan &ng tao thanh san pham ethyl lactate.

Xuc tac hiéu qua cho qua trinh este hoa acid lactic thanh ethyl
lactate trong pha long thuong 14 céc acid déng thé nhu acid sulfuric, acid
phosphoric, hydrochloride khan. Tuy nhién, cac xuc tic nay gady an mon
thiét bi, kho duoc tach ra khoi hdn hop sau phan tng, do chon loc thap,
tao ra luong 16n chat thai ra méi truong. Do vay, cac xdc tac acid di thé
nhu zeolite, nhua trao doi ion Amberlyst 15, Nafion NR 50, H3PW;,04q,
SO,71Zr0,,... 3 dugc nghién cau va sir dung thay thé cho acid dong thé
do dé dang tach khoi hon hop sau phan tmg, d6 chon loc cao hon han
ché duoc cac phan ung phu, ¢ kha ning tai sinh, tai sir dung, it in mon
thiét bi. Gan ddy, mot xu hudng méi 1a sir dung xtc tac trén co sO
carbon sulfo hoa cho quéa trinh tong hop ethyl lactate tir acid lactic va
ethanol. Xdc tac nay véi ban chét carbon than thién méi truong, khong
bi hoa tan trong hau hét cac méi truong acid, base hay cac dung mdi hiru
co, 4i luc manh véi chat hitu co, chira cac nhdm chuc phenolic (—OH),
carboxylic (-COOH) va nhém chic acid manh sulfonic (—SO3H), dugc
ché tao tir cAc nguon nguyén liéu chira carbon khac nhau, dac biét 13 ti
sinh khéi phé phu pham néng, 1am nghiép chua dugc tan dung hiéu qua.
Véi cac didc tinh vu viét ndy, xdc tac acid ran trén co sé carbon sulfo hda
hira hen la xuc tac hiéu qua cho phan tng este hoéa.

Bén canh d6, mot loai vat liéu carbon chira nhém chuc acid manh
sulfonic (-SO3;H) khac 1a graphene oxide duoc diéu ché bai qué trinh
oxy héa graphite bang phuong phap Hummers d3 thu hat duoc sy quan
tdm cua cac nha khoa hoc béi ngoai dic tinh carbon dién hinh, né con
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mang cac tinh chat dic thu nhu: cau trdc xop dang mang mong, da 16p,
c6 cac nhom chuac chaa oxy, kha ning chuyén dién tir nhanh, phan tan
t6t trong nudc. Do vay, vat liéu nay dang duoc xem 12 xUc tac acid ran
sang gia day tiém nang.

2. Muc tiéu va ngi dung nghién cwru caa luan an

Muc tiéu dit ra cho luan an 1a nghién ctru tim ra diéu kién phu hop
dé tong hop acid ran trén co s carbon tir sinh khdi (CS) va téng hop
graphene oxide (GO), lam xuc tac cho phan ung este hoa acid lactic
thanh ethyl lactate, ung dung dé diéu ché dung méi sinh hoc trong gia
cong thudc bao vé thuc vat.

Luan an thuc hién cac noi dung nghién ciru sau:

- Nghién ctu mot cach hé théng qué trinh tong hop va dic trung tinh
chat xtic tac trén co so carbon sulfo hoa tir cac nguon sinh khéi pho bién.

- Tong hop, dic trung tinh chat xdc tac trén co so graphene oxide.

- Panh gia hoat tinh cua cac xUc tac téng hop duoc trong phan ung
este hoa acid lactic thanh ethyl lactate.

- Nghién ctru kha nang tai sinh va tai stir dung xuc tac.

- Nghién ctu ¢ng dung san pham ethyl lactate d¢é diéu ché dung moi
sinh hoc trong gia cong thudc bao vé thuc vat.
3.'Y nghia khoa hoc va thuc tién caa luan an

Pong gop vé kién thirc tong hop carbon sulfo hda tir sinh khdi, oxy
héa graphite bang phuong phap Hummers, tao ra nhém chuac acid
sulfonic —SOsH 1am cho vat liéu tré thanh xuc tac acid ran Bronsted cé
hiéu qua cao cho qua trinh este hoa.

Pé tai luan 4n dap tmg dugce nhu cau thuc tién vé ngudn dung mai
than thién moi truong, vira mang ¥ nghia thyc tién khi gop phan sir dung
hiéu qua phu pham néng nghiép, giam 6 nhiém moi trudng
4. Pong gép mai caa luan an

Pi xac dinh dugc diéu kién thich hop dé tong hop xdc tac acid ran
trén co sd carbon sulfo héa (CS) tir cac ngudn phu pham sinh khéi khac
nhau: mun cua, rom, ba mia, vo trau, béo luc binh, than ngd, than sin
qua hai giai doan nhiét phan sinh khéi va sulfo hoa than nhiét phan tur
sinh khdi. D3 xac dinh duge xuc tic di tir mun cua thé hién duoc hoat
tinh t6t nhat cho qué trinh este hoa acid lactic thanh ethyl lactate, tir 6
nghién ctru dua ra ty 1€ xac tac, danh gia kha nang tai sinh, tai sir dung
Clia XUc tac trén co sé sinh khéi mun cua.

ba ung dung xdc tac graphene oxide (GO) va graphene oxide
mang trén than hoat tinh (GO/AC) cho qua trinh este hoa acid lactic vai
xUc tdc GO thé hién hoat tinh tét nhat, GO/AC c6 hoat tinh twong duong
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V6i xtic tic CS.Mc. Uu diém ctia GO/AC so véi GO la dé tach khoi hon
hop phan tng, ting kha ning ung dung thuc tién cho GO.

Pa diéu ché dung mdi sinh hoc c6 thanh phan ethyl lactate va
nghién ctu @ng dung dung méi sinh hoc dé gia cong thudc bao vé thuc
vat Biosol-D 2.5EC (chta hoat chat deltamethrin) va Biosol-Ch 20EC
(chtra hoat chat chloropyrifos ethyl). Két qua cho thay, hiéu qua sinh hoc
cta san pham Biosol-D2.5EC twong duong so v&i san pham cing loai
Videcis 2.5EC c0 sur dung dung moi hoa thach.

5. Cau trdc caa luan an

Luan an gom 126 trang: mé dau 2 trang; tong quan 33 trang; thuc
nghiém 26 trang; két qua va thao luan 47 trang; két luan 2 trang; céc
dong gop méi cua luan an 1 trang; danh muc cac cong trinh da cong bé 1
trang; tai liéu tham khao 14 trang (118 tai liéu tham khao). Luan an cé
31 bang va 45 hinh.

CHUONG 1. TONG QUAN

1.1. Qua trinh este héa acid lactic diéu ché ethyl lactate
1.1.1. Tinh chat va &ng dung cia ethyl lactate
1.1.3. Co ché ciia phan wng
1.1.4. Céc yéu té anh hwéng dén qua trinh este hoa acid lactic
1.1.5. Xdc tac acid rin cho qua trinh este hoa acid lactic
1.2. XUc tac acid rin trén co sé carbon sulfo hoa
1.2.1. Gio1i thiéu xtc tac trén co sé carbon sulfo hoa

Xiic tac trén co s& carbon sulfo hoa (CS) cé cau tric khung carbon
sap xép theo cac 16p bao géom hé théng cac vong thom & dang vo dinh
hinh, trén bé mat cha cdc nhom chirc duoc lign két véi hé thong vong
thom, trong d6 ¢6 nhém chuc acid —OH, —-COOH va dac biét 1a nhom
chuc acid manh Bronsted —SOsH.
1.2.2. Phwong phap diéu ché x(c tac trén co sé carbon sulfo hoa
1.2.2.1. Nhiét phan polymer chaa tién chdt sulfonic
1.2.2.2. Tong hep béi cdc tic nhin sulfo héa dic biét
1.2.2.3. Sulfo hoa va than héa cac hep chét da vong thom
1.2.2.4. Sulfo hoa vit ligu carbon thu dwoc tir qua trinh nhiét phan
saccharide
1.2.2.5.Sulfo hoa vt ligu carbon thu dwec tir nhiét phan sinh khoi
1.2.3. Ung dung ciia xiic tac trén co sé carbon sulfo hoa
1.3. Nguyén liéu sinh khéi lignocellulose va qué trinh nhiét phan
sinh khdi



1.3.1. Thanh phan hoa hec cia sinh khoi
1.3.2. Qué trinh nhiét phan sinh khai
1.3.3. Tiém ning va trir lwong cac nguon sinh khoi tai Viét Nam
1.4. XUc tac acid ran trén co sé graphene oxide
1.4.1. Than hoat tinh
1.4.2. Giéi thiéu va &ng dung caa graphene oxide
Graphene oxide (GO) duoc tong hop theo phuong phap Hummers
véi su ¢0 mat H,SO,4 dac, ngoai cac nhém chic —COOH, —OH trén xuc
tac con c6 nhom chic acid manh —SOsH.
1.4.3. Phwong phap diéu ché graphene oxide
1.5. Tinh hinh nghién ctru trong nwoéc
1.6. Nhitng két luan rut ra tir tong quan tai liéu

CHUONG 2. THUC NGHIEM

2.2. Piéu ché xuc tac acid rin trén co sé carbon sulfo hda

X(c tac CS tir nguyén ligu sinh khoi: mun cua (Mc), rom (Ro), ba
mia (Bm), vo trau (Vt), béo lyc binh (Be), than ngd (Tn), than san (Ts),
diéu ché qua hai giai doan: giai doan nhiét phan sinh khéi va giai doan
sulfo hda than nhiét phan
2.2.1. Giai doan nhiét phan sinh khoi

40g nguyén liéu duoc dua vao thiét bi nhiét phan, tién hanh gia
nhiét vai toc d6 10°C/phut, trong méi treong N, tée dd 100mL/phit. Cac
diéu kién nhiét phan: nhiét do nhiét phan tr 300°C; 400°C; 500°C;
600°C, thoi gian 1-7 gio. Chat ran thu duoc c6 mau den 1a san pham than
nhiét phan.
2.2.2. Giai doan sulfo hoa than nhiét phan

15g than nhiét phan dugc khudy cing véi H.SO,4 98% theo cac thé
tich tr 75mL; 150mL; 300mL (twong Gng Vai cac ty 18 thé tich H,SO,
98% (mL)/ khéi lugng than nhiét phan (g) 1a 5/1; 10/1; 20/1), trong binh
cau thuy tinh 3 ¢6 dung tich 500mL c6 lip sinh han hoi luvu. Cac diéu
kién sulfo héa: nhiét do 80°C; 120 °C; 150°C; 170°C, thoi gian 8 gio; 15
gio; 20 gio; 24 gio. DPé ngudi hé “phan ung trong 30 phlt, sau d6 pha
lodng hdn hop bang 1 lit nudc cat 2 1an. Loc, rira sach chat ran bang
nudc cat nong (> 80°C) dén khi nudc rira khong phat hién thay ion SO,*
(thir bang dung dich 10% BaCl,). Pem sdy chét ran & nhiét do 105°C
trong 8 gio, vat liéu thu dugc mau den 1a xuac tac carbon sulfo hoa.
2.2.3. Tai sir dung va téi sinh xuc tac carbon sulfo hda

X(c tac CS, sau mdi vong phan tmg este hoa, xuc tac duoc loc, ria
nhiéu lan bang nudc cat nong (> 80°C) dén khi trong nude rira khong
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phat hién thiy ion SO4* (thtr bang dung dich 10% BacCl,), sau d6 say &
105°C trong 8 gio.

Xuc tac carbon sulfo hoa téi sinh bang dung dich H,SO4 98% & cac
diéu kién: nhiét do 150°C, thoi gian 15 gio, ty 18 lugng xtic tac duoc tai
sinh (g)/thé tich H,SO, (mL) 14 1:10
2.3. Piéu ché xdc tac acid rin trén co sé graphene oxide
2.3.1. Piéu ché xuc tac graphene oxide

Graphene oxide duogc diéu ché theo phuwong phap Hummers Cai
tién: 1g bot graphite, 500mg NaNOs duoc tron déu ¢ 0°C, sau d6 thém
tir tir 50 mL H,SO,4 98% vao hén hop. Sau khi khuay 30 phdt, thém tiép
3 g KMnO,. Han hop duoc khudy & 35°C trong 2 gid. Cho tir tir 50 mL
nudc dé ion vao hdn hop va gia nhiét 1én 90°C, r6i khuay hon hop trong
2 gio. Cudi cung thém 5mL H,0, 30%. San pham cudi cung dugc raa
sach véi HCI 3,7% bang cach ly tam, va sau d6 rira bang nude cat dé ion
hoa dén pH=7.

2.3.2. Piéu ché xuc tac graphene oxide mang trén than hoat tinh

Than hoat tinh (AC) thwong mai dugc ria bang nudce cat nhiéu lan
cho hét bui den, sau d6 siy khd & 105°C trong 48 gio. Mau da siy khd
duoc nghién nho dén kich thudc <0,063 mm.

XUc tac GO/AC duoc diéu ché: 5,2 g than hoat tinh kich thudc
<0,063 mm da say kho, 104 mL dung dich GO néng d6 5 mg/L (GO
duoc phan tan trong nudc cat dé ion) khudy trong cbc thay tinh 250mL
trong thoi gian 5 gio & nhiét d6 phong. Sau d6 dem siy khd & 85°C trong
48 gio. Bot thu duoc la xdc tac graphene oxide mang trén than hoat tinh
(GO/AC) véi ty 18 khéi lugng 1:10.

2.4. Phuong phap xac dinh thanh phan, dic trung tinh chat caa vat
ligu

Str dung phuong phap hién dai nhu TGA, XRD, SEM, BET, phan
tich nguyén to,...

2.5. Panh gia hoat tinh xdc tac trong phan w&ng este héa acid lactic
2.5.1. Xay dung dwdng chuan va phan tich ham hrong ethyl lactate
bang phwong phap GC-FID
2.5.2. Panh gia hoat tinh xuc tac trong phan ng este hoa acid lactic
519 dung dich acid lactic 50%, 52,087g ethanol (twong Gng vai ty
1& mol ethanol/acid lactic 1a 4/1) vao binh cau 3 ¢6 dung tich 250 mL dat
trong noi dau. Gia nhiét hé phan ung dén nhiét ¢6 82°C. Cho 1,275 gam
xuc tac (twong ang Véi ty 18 xuc tac 1a 5% so vai khdi lwong acid lactic)
vao hé phan ng, bat dau tinh thai gian phan tng ngay sau khi cho hét
toan bo xtc tac. Duy tri nhiét do hé phan tng ¢ 82°C. Liy mau va phan
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tich trén may sac ky khi theo thoi gian.
2.6. Ung dung dung méi sinh hec trong gia cong thuac bao vé thuc
vat
2.6.1. Pha ché dung méi sinh hoc

Pha ché hon hop dung méi sinh hoc gom: 48% khéi lugng methyl
este (FAME); 48% khoi lugng ethyl lactate (EL); 4% khéi luong chat
hoat dong bé mat (HPBM) New Kagel 2010 (NK 2010).
2.6.2. Panh gia chat lwgng dung mdi sinh hec
2.6.3. Gia cdng thudc bao vé thuc vat
2.6.4. Panh gia hiéu qua wng dung caua dung mai sinh hoc trong pha
ché thuoc bao vé thuc vat
2.6.4.1. Panh gia chat lweng thuéc bao vé thuc vt

Yéu cau ky thuat caa san pham thuéc BVTV chira hoat chat
deltamethrin va chloropyrifos ethyl twong rng dugc danh gia theo tiéu
chuan TCVN 8750:2014, TCCS 30: 2011/BVTV va so sanh d6i chang
véi san pham thuong mai trén thi truong.
2.6.4.2. Khao nghiém san pham thuéc BVTV deltamethrin 2.5EC
trén dién rong

San pham thuéc BVTV deltamethrin 2.5EC dugc lya chon dé khao
nghiém dién rong, danh gia hiéu luc phong trir sdu cudn 1& nho
(Cnaphalocrocis medinalis) hai lia va anh huong dén cay trong sau
phun. Khao nghiém trén dong ruong xa Hai Quang, Hai Hau, Nam Dinh:
cay lGa, gibng Bac thom sb 7; giai doan: ding céi- lam dong; ndng do str
dung la 0,5L/ha.

CHUONG 3. KET QUA VA THAO LUAN

3.1. X(c téc acid rin trén co sé carbon sulfo héa
3.1.1. Tong hop va dic trung tinh chat xUc tac carbon sulfo hoa
3.1.1.1. Nghién cizu qua trinh nhigt phan sinh khéi
a. Thanh phan héa hoc va tinh chdt nhiét cia sinh khoi
Bang 3.1. Thanh phan hda hec caa sinh khdi

x ?9 D¢ tro | Lignin Tha;nh Celullose | Hemicellulose
Mau LA o) | 00) | e | () (%)
(%) chiet (%)
Mun cua 9,01 | 251 | 24,89 4,74 49,02 9,83
Rom 9,96 | 10,34 | 25,55 4,98 40,02 9,15
Ba mia 6,49 | 2,00 | 21,95 3,09 45,13 21,34
V6 trau 7,30 | 15,60 | 32,79 1,69 35,56 7,06




Beo luc binh | 7,08 | 11,06 | 14,46 4,12 37,10 26,18

Than ngo 6,33 | 5,83 | 26,18 7,24 43,89 10,53

Than san 7,87 | 3,97 | 25,84 6,42 42,61 13,29

Do tro cia miu rom, vo trau va béo luc binh kha cao twong tng la
10,34%, 15,60% va 11,06%. C6 thé dy doan, hiéu suat thu san pham ran
d6i voi ba mia 1a thap do nguyén liéu nay chira nhiéu hemicellulose, cac
nguyén liéu vo trau, rom va béo luc binh cho hiéu suat thu san pham ran
cao, do trong thanh phan c6 ham luong lignin va ham lugng tro cao.

Pic trung tinh chat nhiét caa nguyén liéu cho thay, ca&c mau sinh
khoi mat khéi lwong nhanh nhat trong khoang nhiét do tir 250-350°C.
Trong d6, ba mia bi mat khéi luong nhiéu nhat khoang 80%, mau béo va
trau bi mat khoi luong it nhat khoang 60% trong khoang nhiét do tir 200-
500°C. O nhiét do trén 350°C dén 600°C sy mat khéi luong xay ra cham
va dén 600°C nguyén liéu mat khoang 80% khéi luong, qué trinh nay
tiép tuc xay ra sy ngung tu vong thom trong nguyén liéu dé tao ciu tric
carbon vd dinh hinh. Do d6, nhiét @6 nhiét phan cua cac nguyén liéu
nam trong khoang tir 350-600°C.

100 A
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Hinh 3.1. Gian do
phan tich nhiét TGA
céia Cac mau nguyén
ligu trong moi truwong
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b. Anh hwéng cua nhiét dé dén tinh chat than nhiét phan
Phé Raman cua than nhiét phan mun cua ¢ c4c nhiét do déu xuat
hién dai G, ¢ tan s6 khoang 1607 cm™, dic trung cho cac dao dong ¢
muc Epy cO trong cac nguyén tir carbon lai hda sp® trong cau tric cua
graphite. Cac mau & 400, 500 va 600°C con xuat hién dai o tan s6 1389
cm™ va vai pho ¢ tan sé 1465 cm™, dic trung cho hé théng vong thom
trong céc vat liéu carbon vo dinh hinh. Dai phd nay khéng xuat hién cua
mau & 300°C. Ching té céu tric carbon vo dinh hinh chua hinh thanh
khi nhiét do nhiét phan & 300°C. Bong thai, tong dién tich pic cua mau &
400°C cao hon hon so véi cdc mau & 500°C va 600°C. Nhu vay, nhiét do
nhiét phan 400°C la phu hop.
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Hinh 3.2. Phé Raman ciia than Hinh 3.3. Gian @6 XRD ciia cac
nhiét phan mun cwa é cac nhiét @6 | mau than nhiét phan sinh khéi(mai
truong N,, thei gian 5 gio, nhiét do
400°C, téc dg gia nhiét 10°C/phut)

Pic trung phé XRD hinh 3.3 cua cac mau than nhiét phan déu co
cau tric v dinh hinh. Riéng ddi véi mau than héa di tir béo luc binh
thay xuat hién mot vai pic dic trung cua cac kim loai nang nhu Pb, Cd,
Te,... c6 ham lugng kha cao.

Luong than thu duoc tir mun cua, than ngod va than san 1a tuong
duong nhau, véi nguyén liéu bd mia la kha thap, khoang 25%. Nguyén
licu rom luwong than khé cao, dat 34,52%, cao nhat 14 trau va béo, luong
than dat khoang 41- 42%.

Bang 3.2. Lwgng san pham than nhiét phan thu dwec tir cac nguon
sinh khéi (méi trwong N, thoi gian 5 gieo, nhigr dé 400°C, téc dé gia
nhiét 10°C/phut)

Nguy&n Phan trim khoi o Phan trim kh.("ii
liew lwong :chan Nguyén liéu | lwong :[han nhiét
* nhiét phan (%) phan (%)
Mun cua 30,09 Béo luc binh 42,35
Rom 35,17 Than ngb 31,88
B3 mia 24,45 Than san 30,54
Vo trau 41,41

Sger cua than déu rat thap, khoang tir 0,59 dén 3,30 m?/g. Sger cua
CS khé cao, tir 150,2 dén 423,4 m?/g (trir Sger ciia CS.Be). Do do, nhiét
d6 nhiét phan d6i véi mau béo duoc khao sat tiép. Két qua bang 3.4 cho
thdy, tang nhiét d6 nhiét phan tir 400 600°C, Sger tang 1én. Tuy nhién,
Sger khong dugc uu tién trong phan tng este hoa acid lactic nén chon
nhiét ¢ nhiét phan d6i véi mau béo 1a 600°C.



Bang 3.3. Dién tich bé mat riéng cia than nhiét phan va xtc tac CS
tir cac nguon nguyén ligu (méi rwong Ny, thoi gian 5 gio, nhigr dp
than hda 400°C, toc d¢ gia nhiét 10°C/phat; nhiér dg sulfo héa 150°C,

thoi gian 15 gio)

A Than nhiét phan Miu CS
Ngulfhniglnh X SBET X SBET Dpore
ol Mau (m? 19) Mau (m? 19) (nm)
Mun cua C.Mc 0,59 CS.Mc | 4234 3,8
Rom C.Ro 3,30 CS.Ro | 2754 55
Ba mia C.Bm 1,80 CS.Bm | 244,6 4.4
Vo trau C.Vt 1,83 CS.Vt | 3359 3,8
Béo luc binh C.Be 3,22 CS.Be 8,5 6,1
Than ngd C.Tn 2,15 CS.Tn | 208,5 55
Than san C.Ts 3,16 CS.Ts | 150,2 5,6

Bang 3.4. Dién tich bé miit riéng cia than nhiét phan va xuc tac
CS.Be di tir beo ¢ cac nhiét do nhiét phan (méi trwong N,, thoi gian 5

gio, téc do gia nhigt 10°C/pht)
Nhiét do nhiét Sget cua than Sget cua xuc tac
phan, (°C) nhiét phan, (m%/g) | CS.Be, (m?/g)
400 3,2 8,5
500 4,5 60,8
600 3,1 177,6

Nhu vy, diéu kién nhiét d¢o6 nhiét phan thich hop d6i véi céc
ngudn nguyén liéu nhu mun cua, rom, triu, bd mia, than ngd, than san 1a
400°C, v&i nguon nguyén lidu béo 1a 600°C.
C. Anh huéng cua thoi gian nhiét phan

Bang 3.5. Su anh hwéng caa thoi gian nhiét phan dén lwong san
pham than nhiét phan tir min cwa (méi trwong N,, téc dé gia nhigt

10°C/pht)

(9i0)

Thet gian nhiét phan

pham than n

Phan trim khdi lwong san

hiét phan, %

1

79

45

60

,85

46

13

36

,90

30

73

30

.90

~N|ooh~IwWiN

27

98




Khi tang nhiét d6 nhiét phan mun cua tir 1 dén 5 gio, %kl than thu
duoc giam, tiép tuc ting thoi gian 1én trén 5 gio, luong than hau nhu
khong doi. Do vay, thoi gian nhiét phan thich hop d6i voi mun cua 1a 5
gio, Két qua nay ciing duoc 4p dung ddi voi cac ddi tuong khac nhu
rom, bd mia, than san, than ngd va béo luc binh.

Nhu vay, diéu kién nhiét phan thich hop dé thu duogc than:nhiét do
400°C (béo 600°C), toc do gia nhiét 10°C/phat; Thoi gian 12 5 gid; moi
truong N, toc d6 dong N, 100 mL/phut;
3.1.1.2. Nghién ciru qua trinh sulfo héa than nhiét phan
a. Anh hwong cua ty 1é chat phdn ing

Viéc thay doi ty 1& chat phan Gmg khong lam thay d6i %S. Tuy
nhién, %0 tang nhe khi tang Iwong acid sulfuric. Mat khac, ty Ié
(H,S04)/khéi luong than nhiét phan thay doi nhung sb tdm acid —~SO3H
trén xuc tac hau nhu khong thay doi. Do vay, ty I thé tich H,SO,/khéi
lugng than nhiét phan lya chon la 10 mL/1g.

Bang 3.6. Thanh phan nguyén té cia xic tac CS.Mc tir min cwa
theo ty Ié chat phan &ng (nhiés dé 150°C, thei gian 15 gio)

Thanh phan nguyén té
Mau (%)

C S O H

Than nhiét phan tir mun cua 875 [<0,2| 83 | 3,0

Xuc tac CS tor mun cua, 6 cac ty| 5/1 |63,41| 1,68 | 30,13 | 2,65

¢ the tich H,SO4/khoi Tuong ran[ 1011 1 62.63 | 1.70 | 31.22 | 2.84

(than nhiét phan) khac nhau
(mL/g) 20/1 | 63,12 | 1,69 | 31,78 | 2,76

Bang 3.7. Anh huéng ty 1é chat phan wng cia giai doan sulfo hda
dén tinh chat acid cia xuc tac (nhiét dé 150°C, thei gian 15 gio)

Lwong tdm acid —SOsH (mmol.g?) caa xdc

Nguén sinh | MAau |tac diéu ché & ty Ié thé tich H,SO, /khoi
Khéi xuc tac | lwgng than nhiét phan khac nhau (mL/qg)
5/1 10/1 20/1
Mun cua CS.Mc 1,13 1,14 1,15
Rom CS.Ro 0,82 0,84 0,83
Ba mia CS.Bm 1,05 1,07 1,05
Vo trau CS.Vt 0,81 0,81 0,80
Béo luc binh CS.Be 0,70 0,69 0,67
Théan ngd CS.Tn 0,97 0,96 0,96
Than san CS.Ts 1,02 1,04 1,03
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Hinh anh SEM cho thay, hau hét cac mau CS déu thé hién cau trdc
x6p, voi hé théng mao quan 16n, khong dong déu, hudng theo chiéu doc
cua bo sgi trong thuc vat. Tuy nhién, CS.Be (hinh 3.4e) khdng quan sat
thay cac cau tric mao quan sap xép doc theo chiéu bo soi trong thuc vat,
dong thoi ciing khong quan sat thay hé thong mao quan lon.

\ V 2
- _—
\ \
\

(a) CS.Mc (min cua);  Hinh 3.4. Anh SEM caa
(b) CS.Ro (rom); cac mau xuc tac CS tir

¢) CS.Bm (ba mia); ) i 2
8 CS.Vt (\(/(5 trd'u)); cac nguon sinh khoi

() CS.Be (beo lyc  (nhiét dg 150°C, thoi
binh); gian 15 gio, ty l¢é

f) CS.Tn (thénngd);  acid/than nhiét phan la
(9) CS.Ts (thansan).  1p mL/1g)

1032 1712
\/‘\ 1189 1616 3427
’\./‘/\ /\ CS.T:
Al
\—\__,_/'_—‘\
NN\ CS.Tn
g _—
= \/\ CS.Be B
= "'\./““/\/- =
= =
5 v\ Csvt % CSM
= ™ f [ty e
E =V g - - CSRo
P V\
= f\/\f/\ /CS.Bm CS.Bm
V"“’\ TS Ro m .
\,./\\A—/_/\f W o e
TS ™M Mo, CS.Tn
\/’\r/\ CSTs
T T T T \ T T T T T T T T T T T
400 800 1200 1600 2000 2400 2800 3200 3600 4000 10 20 30 40 50 60 70 80 90

S6 séng (em™) 2-Theta-Scale

Hinh 3.5. Phé hong ngoai ciia cac xic | Hinh 3.6. Gian dd XRD cia xuc
tac CS (nhiét dp 150°C, thei gian 15 tac CS tir cac nguon sinh khoi
gio, ty 1¢ acid/than nhiét phan 1a 10 | (nhiér dg 150°C, thoi gian 15 gio,

mL/1Qg) ty 1¢ H,SO4/than nhiét phan la 10
mL/1g)
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Phé hdng ngoai cac xtc tac CS cho thay, tai s6 séng 3427cm™ 1a
dao dong cua lién két —OH trong nhém phenolic, nhém carboxy! trén bé
mat carbon sulfo hoa. Pic & 1712cm™ tuong ung véi nhom C=0 cua
nhém —COOH, pic ¢ 1616 tng vdi nhom C=C cua vong thom. Cac pic
1032cm™, 1169cm™ &g véi cac dao dong kéo cing d6i xing va bat doi
xung cua O=S=0 trong nhom chic —SO3H. Chung t6 qua trinh sulfo hoa
da gan thanh cong nhom —SOsH vao vong thom cia than nhiét phan tir
céc nguon sinh khoi.

Pho XRD cua xuc tac CS déu xuat hién dai pic co chan rong goc
20 tir 20 dén 30 d¢, chiing to cac miu xuc tac déu co cau tric cua vat
liu carbon vo dinh hinh. V&i xuc tdc CS.Be lai cho thay su xuét hién
ctia pic kha rd nét & goc 20 = 26°, day c6 thé 1a pic cua cau tric graphite,
nhung lai khdng thay xuat hién céac pic cua cac kim loai nang so véi gian
d6 XRD cua vat liéu than hoa. Diéu ndy c6 thé dugc giai thich 1a do céc
thanh phan kim loai trong than d4 bi hoa tan trong qua trinh sulfo hoa.

b. Anh hwéng cua nhiér dé sulfo hoa
Bang 3.8. Anh hwéng ciia nhiét dd sulfo héa dén tinh chat acid caa
Xuc tac (thoi gian 15 gio, ty 1€ acid/than nhiét phan 1a 10 mL/19)

A A Nhiét do Lwong tam acid -SO3H
Nguon_Anguyen (mmol.g?)
ligu Miu 80°C | 120°C | 150°C | 170°C

Mun cua CS.Mc 1,46 | 1,19 1,14 | 1,15
Rom CS.Ro 1,18 | 1,04 0,84 | 0,83
B4 mia CS.Bm 1,32 | 1,12 1,07 | 1,08
Vo trau CS.Vt 1,20 | 0,96 0,81 | 0,82
Béo luc binh CS.Be 0,91 | 0,80 0,69 | 0,66
Than ngd CS.Tn 1,21 | 1,07 0,96 | 0,95
Than san CS.Ts 1,29 1,08 1,04 1,02

Gié tri tam acid —SOsH theo thy ty giam dan nhu sau: S6 tm acid
~SO3H (80°C) > S6 tam acid —SOs;H (120°C) > S6 tam acid —SOsH
(150°C) ~ S tam acid —~SO3H (170°C). Trong d6, x(c tdc CS.Mc tir min
cua ludn cho sd luong tdm acid —SOsH cao nhat, mau xuc tac CS.Be tir
béo luc binh ludn cho sé luong thm —SO3H thap nhat.

Mat khéac, do “phai” tam acid —SOsH cho thdy, khi ting nhiét do
sulfo hoa, d6 “phai” cua nhom acid ~SO3H trong cac xuc tac CS giam
xuéng. O 150°C, d6 “phai” giam chi con khoang 33% va giit 6n dinh.
Do vay, nhiét do tai 150°C la nhiét d6 thich hop cho qua trinh téng hop
CS.
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Bang 3.9. Anh hwéng cia nhiét dd sulfo héa dén do “phai” tam acid
— SO3H cua cac xuc tac CS (theai gian 15 gio, ty I¢ acid/than nhiét
phan la 10 mL/1g)

hiétdd 80°C 120°C 150°C 170°C
X(c tac DA 3O @O @ O3] O
CS.Mc |1,46|0,97|66,4|1,19|0,39 |33,3|1,14 | 0,35 | 30,7 | 1,15 0,33 | 28,7
CS.Ro |1,18|0,63|53,4|1,04|0,45|433]0,84|0,26|30,9|0,83|0,24 | 28,9
CS.Bm |1,32|0,76 | 57,6 |1,12|0,43|38,4|1,07|0,33|30,8 | 1,08 | 0,30 | 27,8
CS.Vt | 1,20 0,66 55,0 0,96 |0,41|427]0,81]0,27 | 33,3|0,82|0,25 | 30,5
CS.Be |0,91|0,5459,3/0,800,37|46,20,690,22|319]0,66]0,20 30,3
CSTn |1,21]0,69 57,0 1,07 |0,4138,30,960,29]30,2]0,95]0,29 | 30,5
CS.Ts |1,29/0,71[55,01,08|0,42|38,9]1,04|0,32|30,8 1,02 0,30 | 29,4

(1) Mdt dg tam acid —SOsH ban dau (mmol/g)
(2) Mdt do tam acid —SOsH b "phai* ra (mmol/g)
(3) Dé "phai”cua tam acid —SOzH tinh theo phan tram mol (%)

Ham luong nguyén té cua cac xlc tdc CS.Mc (bang 3.10) kha

tuong dong vai két qua luong tdm acid — SO3H (dé don gian hda, luan
an chi phan tich thanh phan caa mau san pham dai dién di tir nguyén liéu
mun cua). Ham lugng luu huynh cia CS & 80°C, 120°C cao hon so v6i &
150°C va 170°C. Tuy nhién, dac trung tinh chét Xop bang phuong phap
BET (bang 3.11) cho két qua tét nhat d6i véi mau san pham cua thyc
nghiém sulfo héa tai nhiét do 150°C. Tir cac két qua & trén, cho thay
nhiét do thich hop cho phan (tng sulfo héa than nhiét phan la 150°C.
Bang 3.10. Anh hwéng cia nhiét @ sulfo
héa dén thanh phan nguyén té ciaa mau
xuc tac tir mun cwa (thoi gian 15 gio, ty 1é
acid/than nhiét phan la 10 mL/1g)

Mau

Thanh Qh?nn
nguyén to (%o)

C

H S

O

Bang 3.11. Anh hwéng cia
nhiét do sulfo héa dén dién
tich bé mit riéng ciia cac miu
xuc tac CS.Mc tir nguyén liéu
mun cua (thei gian 15 gio, ty

¢

H,SO,/than nhiét phan la 10

Than nhiét
phan mun cua

87,5 | 3,0 | <0,2

8,3

CS.Mc (80°C)

64,55 | 3,36 | 2,65

30,30

CS.Mc (120°C)

63,89 | 3,12 | 2,03

30,27

CS.Mc (150°C)

63,33 | 2,73 | 1,67

30,32

CS.Mc (170°C)

63,48 | 2,59 | 1,68

29,80

mL/1g)

Nhiét d@§ | Dién tich bé mat
sulfo hoa, riéng BET,

(°C) (m®/g)

80 22,2

120 159,9

150 423,4

170 151,3
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c. Anh hwéng cia thoi gian sulfo héa dén tinh acid cia xuc tac
carbon sulfo hoa

Tang thoi gian tir 8-15 gio, luong tam acid ting, tiép tuc ting dén
24 gio, luong tam acid hau nhu khong ting nita. Do d6, thoi gian thich
hop duoc lwa chon cho quéa trinh sulfo hoéa la 15 gio. Trong d6, than
nhiét phan tir mun cua cho lugng tdm acid —SOsH 14 cao nhat véi gia tri
la 1,14 (mmol/g), béo luc binh cho két qua luong tdm acid 1a nho nhat
0,69 (mmol/qg).
Bang 3.12. Anh hwéng cia thoi gian sulfo héa dén lwong tam acid —

SO;H (nhiét dp 150°C, ty Ié H,SO,/than nhiét phan la 10 mL/1g)

S6 lweng tam acid —SOsH (mmol/g) caa
Nguon Mau xtc | cac mau sulfo hoa véi théi gian phan ng
nguyén liéu tac khac nhau
8 giov 15 gidr 20 giv | 24 gior
Mun cua CS.Mc 0,99 1,14 1,15 1,14
Rom CS.Ro 0,77 0,84 0,82 0,85
Ba mia CS.Bm 0,95 1,07 1,07 1,06
Vo trau CS.Vt 0,71 0,81 0,83 0,80
Béo luc binh| CS.Be 0,61 0,69 0,67 0,68
Than ngb CS.Tn 0,84 0,96 0,98 0,96
Than san CS.Ts 0,93 1,04 1,04 1,06

Céc két qua dic trung k¥ hon vé tinh chét acid cia xdc tac CS cho
thdy, c4c mau xdc tac CS c6 tong tam acid nam trong khoang 3,98 - 5,56
mmol/g va lugng nhdm —SO3zH trong khoang 0,69 -1,14 mmol/g.

Bang 3.13. Tinh chat acid caa xiic tic CS theo phwong phap
chuan d¢ acid-base (nhiér dé 150°C, theoi gian 15 gio, ty 1é H,SO4/than
nhiét phan la 10 mL/1g)

Nguon Mau Tam acid —-SO;H Tong tam acid
nguyén liéu | xdc tac (mmol/g) (mmol/g)
Mun cua CS.Mc 1,14 453
Rom CS.Ro 0,84 3,98
Ba mia CS.Bm 1,07 4,95
V6 trau CS.Vt 0,81 4,00
Béo luc binh | CS.Be 0,69 4,56
Than ngo CS.Tn 0,96 5,56
Than san CS.Ts 1,04 4,07
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Tin
CS.Mc c
thuoc vé

h acid cua xtc tac con dugc déc trung bang TPD-NHs, xuc tac
0 két qua cao nhat véi gia tri 1,16 mmol/g; gia tri thap nhat
xuc tac CS.Be di tir béo khi chi ¢é 0,20 mmol/g, trng v&i nhdm

chic —SO3H. Két qua nay twong dong véi phuong phap chuan do acid-

base.

Bang 3.14. Tinh chat acid cia xuc tac CS theo TPD-NH;

Mau Tong tam acid (mmol/g) theo nhiét @ giai hap

Nguon ;
A 1A Xuc 2

nguyenligu | .. | <200°C | 200-400°C | >400°C | Téng
Mun cua CSMc| 116 0 1371 | 14,87
Rom CSRo| 110 0 17,79 | 18,89
Ba mia CSBm| 043 1,74 6,89 9,06
Vo trau CSVt| 052 0 2153 | 22,05
Béo luc binh | CS.Be | 0,20 2,45 1257 | 1522
Than ngd CS.Tn| 0,39 3,55 21,13 | 25,06
Than san CSTs| 027 0 2759 | 27,86

Nhu vay, két qua nhiét phan sinh khéi va sulfo héa than nhiét phan
dieu ché xuc tac carbon sulfo hoda, duoc tOm tat nhu sau:

Giai doan nhiét phan: Nhiét @6 400°C (béo luc binh 600°C).
Thoi gian 1a 5 gio, moi trueong khi N, %Kl than thu duoc
khoang 30 -33%, béo luc binh, vo trau cho két qua cao nhat
khoang 40%, thap nhat 12 b4 mia chi dat khoang 24%.

Giai doan sunfo hda: Nhiét d6 150°C, ap suat thuong, thoi gian
15 gio, tac nhan H,SO,4 98%, ty Ié¢ H,SO4/than 1a 10 mL/1 g.
XUc tac tir mun cua cho lwgng tdm acid —~SOsH cao nhat 1a 1,14
mmol/g; xtc tac di tir nguyén liéu béo luc binh cho két qua thap
nhat, twong tng 0,69 mmol/g.

Sger C4c xUc tac déu >100 m?/g. Trong d6, mun cua Sger dat
423,4m*lg. Véi béo luc binh, Sger phu thudc kha nhiéu vao
nhiét d6 nhiét phan.

Trong cac nguyén liéu, mun cua thich hop nhét cho diéu ché xdc
tac carbon sulfo hdéa do tiéu chi tdm acid —-SOsH cua xtc tac duge uu
tién trong phan ng este hoa acid lactic.
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3.1.2. Hoat tinh xuc tac carbon sulfo héa trong phan wng este hoa
acid lactic
3.1.2.2. Hoat tinh cia xuc tac carbon sulfo hda trong phdn #ng este
hoa

CS.Mc cho hiéu suat tao thanh ethyl lactate cao nhat, c6 do doc 16n
nhat va dat 38%; xuc tac CS.Be cho hiéu suat thap nhat, dat 32% sau 8
gio phan tng. Két qua nay tuong ung vai lugng tam acid —SO3H nhung
khong tuong (tng vdi tong luong tam acid cua cac Xuc tac. biéu nay cho
thay luwong tam acid —SOsH c¢6 vai tro quyét dinh dén hiéu suat tao thanh
ethyl lactate. Do vay, CS.Mc duoc chon cho cac nghién cau tiép theo.

40 16

—a— CS.Mc
—~ 354 ~ 144 —*=CSRo
8 s —&—(CS.Bm
2 304 T B S A z
g £ 7] —<—csBe v
— -
K- ’s K o] csm e
T 251 T 104 —e—cums /// -
@ s e o
-=§ 0 E 8 -
= —=— CSMe £ -
g 157 *— CSRo _.__%. 6 /4 2
= —a&—(CS.Bm = S g
Z 104 +— CS.Vt B 4 A~
3 —4— CS.Be 2 -
z »—CSTn £ ] /{
; —#—CSTs - /‘
—a— KXT
“ T r - 1 r T T 1T T+ T T T T 7 T (] T T T T T T
0 60 120 180 240 300 360 420 480 0 10 20 30 40 50 60
Thoi gian phan ing (phat) Thui gian phan ng (phat)

Hinh 3.7. Hiéu suat tao thanh ethyl | Hinh 3.8. Hiéu suit tao thanh ethyl
lactate sau 8 gio phan wng lactate sau 1 gio phan wng
(nhiér dp 82°C, dung dich acid lactic | (nhiét dé 82°C, dung dich acid lactic
50%, ty 1¢ mol ethanol/acid = 4/1, 50%, ty 1¢ mol ethanol/acid = 4/1,
ham luwong xac tac 5%kl so vei acid) | ham lwong xuc tac 5%kl so vai acid)

3.1.3. Anh hwéng ciia lwgng xiic tac dén hiéu suat phan &ng este hoa
acid lactic

Khi ting ham luong XUc tac tir 5% dén 10%, hiéu suat tao thanh
ethyl lactate sau 8 gid phan tmg ting dang ké, tir 38% va 49%. Tiép tuc
ting luong xUc tac 18n 12%, hiéu suit tao ethyl lactate hau nhu ting
khong dang ké so véi lugng xUc tac 10%, Do vay, luong xuc tac CS.Mc
thich hop cho phan rng este hoa acid lactic tao thanh ethyl lactate dugc
chon 12 10% so v&i khéi lwgng acid lactic.
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Hinh 3.9. Hiéu suit tao
thanh ethyl lactate theo
thai gian veéi lwgng xdc tac
khac nhau sau 8 gio phan
wng (nhiér dp 82°C, dung

dich acid lactic 50%, ty 1¢
o CSMem) mol ethanol/acid = 4/1, xuc
B tac CS.Mc ter mun cwa)

40

304

Hiéu suat tao thanh ethyl lactate (%)

—&— CS.Mc(5%)

Thoi gian phan img (phiit)

3.1.4. Kha nang tai sir dung va tai sinh xuc tac
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Hinh 3.10. Hiéu suit tao thanh ethyl | Hinh 3.11. Hiéu suat tao thanh ethyl
lactate sau 4 chu ky phan @wng(nhiét lactate caa xuc tac CS.Mc tai sinh
do 82°C, dung dich acid lactic 50%, ty sau 5 chu ky phan wng (nhiét do
Ié¢ mol ethanol/acid = 4/1, xdc tac 82°C, dung dich acid lactic 50%, ty lé
CS.Mc tir mun cwa, ty 1¢ xuc tac 10% | mol ethanol/acid = 4/1, xtc tac CS.Mc
so vai acid lactic) tai sinh, ty ¢ xac tac 10% so vei acid
lactic)

Sau mdi chu ky phan &ng hiéu suat chuyén héa acid lactic thanh
ethyl lactate giam: sau 420 phdt hiéu suat chu ky dau dat 48,14%, céc
chu ky tiép theo lan luot dat 45,85%, 43,8% va 42,78%. Sau 4 chu ky
phan tng hiéu suat tao thanh ethyl lactate giam 5,40%.

Hoat tinh xuc tac sau tai sinh cho thay, CS.Mc c6 hoat tinh twong
duong véi hoat tinh cua xuac tic ban dau ¢ chu ky phan ung thir hai
(46,56% S0 Vvéi 45,85%) va sau 5 chu ky phan @ng hiéu suat dat & mirc
43,23% sau 420 phit. Két qua nay ciing cho thay, mac d6 giam hoat tinh

17




ctia xuc tac tai sinh sau mdi chu ky phan tng thap hon so véi mtc do
giam hoat tinh ciia xuc tac ban dau.

Su 6n dinh hoat tinh cua xtc tac sau khi tai sinh, duoc chirng minh
bang két qua dic trung tinh acid va phd FT-IR trong bang 3.15 va hinh
3.16. Luong tam acid —SOzH sau khi tai sinh so v&i ban dau van tuong
d6i on dinh, pho hong ngoai cta xdc tac van xuat hién cac dao dong dic
trung cua cac nhom —OH, —COOH va —SOs;H.

Anh SEM (hinh 3.17) va lugng tam acid (bang 3.15) cua CS.Mc
sau khi tai sinh cling gan nhu khong c6 sy thay doi so véi xuc tac CS.Mc
ban dau.

CS.Me. TS

CS.Mc

2

Do truyén qua, (%)

.................

400 800 1200 1600 2000 2400 2800 3200 3600 4000

S song (cm'1)

Hinh 3.12. Pho hong ngoai cia xtc tac |  Hinh 3.13. Anh SEM ciia x(c tac
ban dau (CS.Mc) va sau khi tai sinh CS.Mc ban dau (a) va sau khi tai
(CS.Mc.TS) (thei gian sulfo héa 15 gie, | sinh (b) (thei gian sulfo héa 15 gio,
nhigr d 150°C, t 18 H,SO,/CS.Mc 12 10 | nhigr dg 150°C, t5 18 H,SO./CS.Mc I

mL/1g) 10 mL/1g)

Bang 3.15. Lwong tam acid caa xuc tac CS.Mc sau tai sinh (thei gian
sulfo hoa 15 gio, nhiét dp 150°C, ty lé¢ H,SO,/CS.Mc la 10 mL/1g)

MU xtic tac | 1AM acid-SOsH Tong tam acid
au xuc tac
(mmol/g) (mmol/g)
CS.Mc 1,14 4,53
CS.Mc.TS 1,12 4,58

- Co thé kfléng dinh, xUc tac CS c6 kha néng tai sinh va tai su dung
nhiéu lan ma van cho hoat tinh 6n twrong doi 6n dinh trong phan ng este
hoa acid lactic thanh ethyl lactate.
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3.2. XUc tac acid rin trén co sé graphene oxide
3.2.1. Piic trung tinh chit xic tac trén co sé graphene oxide
3.2.1.1. Két qud dic trung phé nhiéu xa tia X (XRD)

Phé XRD ctua GO quan séat thay c6 mot dinh pic nhon & géc 11°
goc quét 20, tuong rng vai mat mang cua GO. Dinh pic nay cling dugc
quan sat thay trén gian do caa GO/AC. Piéu nay khang dinh graphene
oxide d3 duwoc mang trén bé mat cua than hoat tinh trong xdc tac

GO/AC.
Hinh 3.14. Ph6 XRD ciaa

l GO
than hoat tinh (AC);
graphene oxide (GO);
\\-»-—.\_ conc GOJIAC (tf 1 khéi lugng
" AC GO/ACla 1:10

Cuong dé (a.u)

T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80
2-Theta-Scale

3.2.1.2. Két qud hinh égnh SEM va EDX

Hinh 3.15. Anh SEM- EDX ciia GO (a), SEM cita AC (b), GO/AC
(¢) (tp 1¢ khéi Iwong GO/AC 1a 1:10)
Anh SEM-EDX cua GO c6 cau tric dang Iép va xuat hién pic cua
nguyén t6 luu huynh (hinh 3.19.a). Trong khi than hoat tinh c6 cau trdc
khéi chac (hinh 3.19.b). Hinh 3.19.c, cho thdy mét cau trdc than hoat
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tinh duoc bao boc boi GO, diéu nay ching to GO/AC dugc ché tao

thanh cong.
3.2.1.3. Két qud phé FT-IR

Do truyén qua, (%)

400 800 1200 1600 2000 2400 2800 3200 3600 4000

S6 song (cm'l)

Hinh 3.16. Pho FT-IR ciia AC (a), GO (b),

GO/AC (c) (ty 1¢é khéi lrong GO/AC 1 1:10)

Pho hong ngoai cia GO va
GO/AC, c6 cac dao dong
dac trung tuong GNng cua
nhom —-OH ¢ 3444, 3387
cm™, nhém C=0 trong
nhdbm -COOH ¢ 1694,
1698 cm™. Ngoai ra, xuat
hién dao dong hoda tri cua
S=0 trong nhom SOzH ¢
1108, 1059 cm™. Véi than
hoat tinh khéng thay c6 dao
dong hoa tri cua S=0.

3.2.1.4. Dién tich bé mgt riéng va tam acid —SO;H

Sger cua than hoat tinh kha Ion 721,1m?%g. Sau khi duoc phu
graphene oxide, Sger GO/AC di giam xubng con 570,3 m?/g. Biéu nay
c6 thé giai thich GO da phu vao cac mao quan cua than hoat tinh.

Bang 3.16. Dién tich bé mit riéng va tam acid —-SO3H caa xuc

tac trén co sé graphene oxide

Xuc tac Lwong tam acid SBeT
—SO;H (mmol/g) | (m?qg)
CS.Mc 1,14 423,4
CS.Mc sau 4 chu ky phan ng 0,64 -
Than hoat tinh 0 721,1
GO 0,92 215,9
GO/AC 0,35 570,3
GO/AC sau 6 chu ky phan urng 0,29 618,9

Luong tam acid sulfonic (-SO;H) trén xuc tac GO la 0,92 mmol/g
va 0,35 mmol/g doi véi chat xuc tac GO/AC. Ket qua bang 3.16 ciing
cho thay khong co su khac biét 16n vé lugng tam acid sulfonic gitra xuc

tdc CS.Mc (1,14 mmol/g) véi xac tac GO.
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udt tao thanh ethyl lactate (%)

Hiéu s

40

30

204

04

3.2.2. Hoat tinh cta xic tac trén co sé graphene oxide trong phan
wng este hoa acid lactic

Kha nang hoat dong caa xuc tac giam theo thir tu: GO (51,0%) >
CS.Mc (37%) ~ GO/AC (35,4%) >> than hoat tinh (20%), nhung khong
theo khdng tuan theo quy luat giam vé lugng tam acid —SOzH trong phan
tng. Piéu nay duoc giai thich ¢ thé s tam acid “hiéu dung” —SOsH
trén xtc tac GO cao hon so vai CS.Mc, cung véi kha nang phan tan cta
GO tét hon so véi CS.Mc trong mai trudong phan tng. Tuong tw, GO/AC
so voi CS.Mc. Cac két qua ciing cho thy, cac xuc tac CS.Mc va GO/AC
c6 hoat tinh kha twong dong so véi xuc tdc Amberlyst 15 va
KosHosPW1204 di cong bd.

- Hinh 3.17. Hiéu suat tao
thanh ethyl lactate theo thoi
gian trén than hoat tinh (a),

CS.Mc (b), graphene oxide
(c), GO/AC (d) (nhiét dp 82°C,
dung dich acid lactic 50%, ty l¢

mol ethanol/acid = 4/1, ty |é
xuc tac: 5% CS.Mc; 1% GO va
1% GO cé trong GO /AC so vai
acid lactic)

—=— (d)
—e— (c)
—a— (b)

—v—(a)

504

40 +

304

204

Hiéu suat tao thanh ethyl lactate (%)

104

|||||||||||||||

Thoi gian phan ung (phut)

3.2.3. Kha ning tai sir dung cua xuc tac graphene oxide mang trén
than hoat tinh

40

30 4

P

F

20 4

Hicu sudat tao thanh ethyl lactate (%)

=

0

T T T T
T T T
60 120 180 120 180 240 300

Thoi gian phan ing (phit)

Hinh 3.18. Hoat tinh cia xuc tac

Thoi gian phan img (phit)

Hinh 3.19. Hoat tinh cia xuc tac

GO/AC sau 6 chu ky phan wng (nhiét
do 82°C, dung dich acid lactic 50%, ty
I¢ mol ethanol/acid = 4/1, 1%kl GO
trong xuc tadc GO/AC so vai acid latic)

CS.Mc sau 4 chu ky phan @ng
(nhiét dp 82°C, dung dich acid lactic
50%, ty 1¢ mol ethanol/acid = 4/1, 5%kl
CS.Mc so vei acid latic)
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Hoat tinh cua xdc tic GO/AC giam va hau nhu khong thay doi tir
sau chu ky thr 3. Biéu nay phi hop voi sy giam lugng tdm acid —SOsH
trén xdc tac GO/AC tir 0,35 mmol/g xudng con 0,29 mmol/g sau 6 chu
ky phan tng (bang 3.16). Hiéu sut tao thanh ethyl lactate cua CS.Mc
(hinh 3.23) giam sau mdi chu ky. Do d6, GO/AC khéng nhitng cho thay
hoat tinh xdc tac tot ma con ¢6 su on dinh tt sau cac chu ky phan tng.

C6 thé khang dinh ring GO dugc phan tan tét va gian vao AC. Su
gan két caa GO lén bé mat AC cé thé duoc giai thich bang sy este hoa
gitta nhdm —COOH va —OH cuta hai pha dé tao thanh mot lién két —
COO-, va sy tuong tac m-rt gitra GO vai AC.

— GO/ACEH
— GO/AC

uyén qua, (%)

t

Than hoat tinh Graphene oxide W

T T T T T T T T
400 B0O 1200 1600 2000 2400 2800 3200 3600 4000

Si song (cm™)
Hinh 3.20. M6 hinh sw este héa | Hinh 3.21. Pho hong ngoai cia xuc tac
gitra than hoat tinh véi graphene | GO/AC va GO/ACG6 sau 6 chu ky phan
oxide wng
Phd hong ngoai caa xuc tdc GO/AC sau 6 chu ky phan tng van c6
mit cac dao dong dic trung ¢ 3423 cm™ , 1705 cm™ va 1080 cm™ tuong
&g véi sy hién dién cua cac nhom —OH, -COOH va —SO;H. Su két hop
gitra GO véi AC di khac phuc duoc nhuge diém ciing chinh 1 wu diém
cia GO dan dén tao thanh xuc tic méi GO/AC dé loc tach khoi hdn
phan tng bang phuong phap théng thudng, dong thoi van tao ra xic tac
c6 dién tich bé mat riéng 16n.
3.3. Dung méi sinh hoc trong gia cong thudc bao vé thuc vt
3.3.3. Panh gia chat lwong thuéc BVTV deltamethrin 2.5EC va
chloropyrifos ethyl 20EC chivra DMSH
San pham thuéc BVTV Biosol-D2.5EC va Biosol-Ch20EC déu dat
y&u cau theo TCVN 8750:2014 va TCCS 30:2011/BVTV.
Bang 3.17. Két qua cac chi tiéu k¥ thuit caa thuéc BVTV Biosol-
D2.5EC va Biosol-Ch20EC
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STT Chi tiéu chat lwong Pon | Thuoc BVTV | Thudc BVTV
Vi Biosol- Biosol-

tinh D2.5EC Ch20EC

1 Ham luong hoat chat % 2,3 19,0

2 Do bén nhil trong:

2.1 |- Do ty nhii twong ban dau mL Hoan toan Hoan toan

2.2 |- Do bén nhil twong sau 0,5 gio mL 0 0

3 Do bot mL 9 10

4 b6 pH - 4,46 3,60

5 D6 bén bao quan & 54°C+2

trong 14 ngay
5.1 | Ham luwong hoat chat % 2,4 20,3

3.3.4. Thir nghiém hoat tinh sinh hec ciia san pham Biosol-D2.5EC
trén dién rong
Bang 3.18. Mat d¢ sau cudn 1a va hiéu luc cia thuéc BVTV trong
thai gian Khao nghiém

Mat do sau Mﬁt do vy Hiéu luc (%)
Mau truéc phun phun (con/m’)

2 3 7 14 3 7 14

(con/m") . . A . . \
ngay | ngay | ngay | ngay | ngay | ngay
Biosol-D2.5EC 12,6 8,2 5,6 48 [523|611|714
Videcis 2.5EC 11,6 7,2 5,6 6,0 | 545|578 612

Doi ching (nudc 13) 12,6 17,2 | 14,4 | 16,8 - - -

Biosol-D2.5EC va san pham thwong mai voi liéu luong 0,5L/ha &
cac ngdy sau phun déu c6 mat do sau thap hon so véi mau déi chang.
Thuébc Biosol-D2.5EC ¢ cac ngay sau phun 3 ngdy c6 mat do sau cao
hon so véi thude thwong mai Videcis 2.5EC. Cac ngay sau phun 7 va 14
ngay cho mat do sau thap hon so vai thubc BVTV thuong mai. Két qua
nay tuong dong véi hiéu luc & ky diéu tra 3 ngay, 7 ngay, 14 ngay sau
phun caa thudc Biosol-D2.5EC so véi thudc Videcis 2.5EC thuong mai.

KET LUAN

1. Pi nghién cau mot cach hé thong céc yéu té anh hudng va da xéac
dinh duoc diéu kién thich hop dé tong hop xtic téc acid ran trén co s6
carbon sulfo hoa (CS) tir cac ngudn phu pham sinh khi khac nhau:
mun cua, rom, bd mia, vo trau, béo lyc binh, than ngé, than sin qua
hai giai doan: Giai doan nhiét phan khong hoan toan: nhiét d6 400°C
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(600°C doi vai béo luc binh), téc do gia nhiét 10°C/phat, thai gian 5
gid, moi truong Ny, toc do dong N, 100mL/phit; Giai doan sulfo hoa:
tac nhan H,SO, 98%, ty l¢ thé tich H,SO, 98%/than nhiét phan
10mL/1g, nhiét do 150°C, thoi gian 15 gio.

. ba sir dung cac phuong phap héa ly hién dai: TGA-DTA, BET,
XRD, Raman, FT-IR, SEM, TPD-NHjs, phan tich nguyén t6, chuan
d6 acid- base dé dic trung tinh chat caa xuc tac CS tong hop duoc.
Tu do, da chon duogc xuc tac carbon sulfo hoa tir nguyén ligu mun
cua (CS.Mc) véi luong thm acid —SO3H va dién tich bé mit riéng cao
nhat (1,14 mmol/g va 423,4 m*/g, tuong tng) la xGc tac thich hop
cho phan ng este hoa acid lactic thanh ethyl lactate.

. Danh gia hoat tinh ctia xdc tac carbon sulfo héa tir nguyén liéu mun
cua (CS.Mc) trong phan tng este hoa acid lactic thanh ethyl lactate.
Hiéu suit tao thanh ethyl lactate cao nhat dat 49% sau 8 gio phan
ng, vai ty 18 mol ethanol/acid lactic = 4/1, néng d6 acid lactic 50%,
lugng xuc tac thich hop 10% so véi acid lactic.

. ba tai sinh xac tac CS.Mc: td&c nhan H,SO, 98%, ty 1€ H,SO,
98%/than nhiét phan tuwong tng 10mL/1g, nhiét do 150°C, thoi gian
sulfo hoa 15 gio. Xuc tac sau tai sinh c6 kha nang tai stir dung, sau 4
chu ky phan @ng hiéu suat chuyén hoa thanh ethyl lactate giam 5,3%
véi toe do kha thap.

. Pa tong hop thanh cong xic tac trén co s graphene oxide (GO) va
graphene oxide mang trén than hoat tinh (GO/AC) ¢6 lugng tam acid
Bronsted —SO3H twong trng la 0,92 mmol/g va 0,35 mmol/g, lam xdc
tac cho phan ung este hoa acid lactic thanh ethyl lactate cho hiéu suat
Chuyén hoa thanh ethyl lactate twong tng la 51,0% va 35,4%. Vi
cuing hiéu suat tao thanh ethyl lactate, khéi lwong xtc tac GO can st
dung nhé hon 10 lan so véi xiuc CS.Mc. Hoat tinh cua xdc tac
GO/AC giam nhe sau 3 chu ky dau va gan nhu khong thay doi tir sau
chu ky thir 3. Sau 6 chu ky hiéu suat tao thanh ethyl lactate giam
5,1%. Dac biét, viéc phan tdn GO Ién trén than hoat tinh (ti 1& khdi
luong GO/AC = 1/10 trong xuc tdc GO/AC) da lam tang kha nang
tach va dé dang thu hoi xGc tac & 4p suat thuong.

. Da pha ché duogc dung méi sinh hoc ¢ thanh phan vé khéi luong
48% FAME, 48% EL va 4% NK 2010, ung dung dé thay thé dung
moi hoa thach xylene trong bao ché thuéc bao vé thuc vat Biosol-
D2.5EC va Biosol-Ch20EC. Chat lugng thudc Biosol-D2.5EC thu
duoc twong duwong voi san pham thwong mai cing loai Videcis
2.5EC dé phong trir sau cudn 14 nho hai l0a.
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