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PAT VAN PE
Acid L-ascorbic, con goi 1a vitamin C, 1a mot chat rat can thiét cho
su séng cua sinh vat, dac bi¢t 1a con nguoi. Hién nay, san lugng vitamin C
trén thé gidi vao khoang 80000 tan/nim. O Viét Nam, nhu ciu sir dung
vitamin C 1 rat cao, it nhat 1a khoang 1000 tAn/ndm, trong twong lai con sd

nay c6 thé con tang lén.

Acid 2-keto-L-gulonic (2-KLGA) 1a mdt chit trung gian quan trong
trong tong hop vitamin C. Mot trong nhitng phuong phap hoéa hoc duoc
tmg dung rong rai trong cong nghiép dé chuyén hoa 2-KLGA thanh vitamin
C 1a con dudng chuyén hoa ester hoa trong d6 c6 giai doan 2-KLGA phan
g véi methanol dé tao methyl ester, sau d6 lacton héa dé chuyén thanh

vitamin C trong sy c6 mat cta xuc tac kiém.

Qué trinh ester hoa truyén théng dé san xudt methyl 2-keto-L-
gulonat 13 qua trinh dong thé str dung xuc tac acid H,SO,. Tuy nhién, quéa
trinh nay c6 nhiéu nhuoc diém nhu gay an mon thiét bi, kho tach khoi hdn
hop san pham nén chi phi cho viéc tinh ché san pham cao va ba thai cua
qué trinh tinh ché con gy 6 nhiém méi trudng. Ngay nay, nhd céc tién bd
khoa hoc k¥ thuét, cac qua trinh xtc tac di thé dang dan thay thé cac qua
trinh xtc tic ddng thé nhd nhitng wu diém dic biét, thoa min nguyén tic
3R (Reduction, Recycling and Reuse - Loai bo chat thai, Tai ché san pham
va Tai str dung). Trong cic qua trinh nay, chat phan ng va xdc tac ton tai ¢
cac pha khac nhau va khong tan 1an vao nhau. Xtc tic ton tai ¢ pha rin con
cac chat phan tng thi ton tai & pha khi (qua trinh khi - ran) hodc pha long
(qua trinh 16ng - rin), hodc c6 hai chat phan tng, mot & pha khi, mot & pha
1ong (qua trinh 3 pha ran - 16ng - khi). Nho thé, sau phan tng, chat xuc tac
c6 thé duoc tach ra mot cach dé& dang khoi hon hop san phim va cé thé tai
stt dung. Uu diém nodi trdi nita ctia xac tic ran 1a ngudi ta c6 thé thiét ké

xuc tac (¢ ca phuong dién cau trac vi mo) dé dat duoc do chon loc san pham



cao nhéat, thim chi dat dén 100%. Do chon loc cao déng nghia vi viéc phan
g it hodc khéng tao ra san pham phu. Qua trinh tinh ché nho thé s& don

gian hon, chit thai ciing it hon so v6i qué trinh c¢6 d6 chon loc thép.

Trong thoi gian gan ddy, xac tac siéu acid di thé dugc quan tim
nghién ctru, trong d6 di da acid duoc sir dung 1am xtc tac cho nhiéu phan
tmg hoa hoc nhu ester h6a, dé hydro hoa ancol, ankyl héa,... Mot trong cac
da acid pho bién nhét 13 acid 12-phosphotungstic, HsPW1,04 (HPA) dugc
biét dén tir l4u, day 1a acid manh va manh hon nhiéu so véi cac acid rin
truyén théng nhu SiO,-Al,03, HsPO./SIO,, zeolit HX va HY va cac acid vo
co nhu H,SO,, HCI, acid p-sulfonic toluen... Tuy nhién HPA c6 dién tich
bé mat riéng thap (< 15 m*/g) va d& bi hoa tan trong dung moi phan cuec,
gay khé khin cho viéc thu hoi va tai st dung. Dj thé hoa hop chét di da
acid 1a hudng di can thiét dé co thé tan dung nhimng wu diém cia loai hop

chat nay.

Vi nhitng 1y do @6, dé tai luan 4n di dit ra muyc tiéu nghién ctru tong
hop va dic trung xtc tac siéu acid di thé dung cho phan ung ester hoa acid

2-keto-L-gulonic trong qua trinh tong hop vitamin C.

Pé thuc hién muc tiéu, luan an sé nghién clru téng hop céc chét xtc
tac siéu acid di thé trén co s& carbon sulfonat hoa, zirconi sulfat hda, acid
12-phosphotungstic, dong thoi dic trung tinh chat va danh gia hoat tinh cua
xuc tac trong phan ng ester hoa 2-KLGA véi methanol. Dya trén cac két
qua thu duoc, luan an xac dinh dugc xtc tac thich hop nhat, déng thot xac
dinh dugc mbi twong quan gitta cac thong sé dic trung xuc tac va hoat tinh
xuc tac. Cac nghién ctru siu hon vé phan ung ester hoa 2-KLGA s& duogc
thuc hién trén xtc tac phu hop nhat trong nhom xuc tac tong hop duoc.

Céc ndi dung chinh cta luan 4n bao gdbm:

- Tong hop va dic trung tinh chét xtc tac carbon sulfonat hoa tir miin

cua va thur hoat tinh cta xtc tac trén phan tng ester hoa 2-KLGA.,



- Tong hop va dic trung tinh chat x(c tac zirconi sulfat hda tir tinh
quang zircon Viét Nam va thur hoat tinh ctia xtic tac trén phan rng ester hoa
2-KLGA.

- Nghién ctru mét cach hé thdng va xac dinh diéu kién thich hop dé
tong hop xuc tac di da acid trén co sd acid 12-phosphotungstic va dic trung
tinh chit cta xdc tac.

- Khao sat va lya chon cac diéu kién thich hop cho phéan tng ester
hoa gitra acid 2-KLGA vé&i methanol trén xuc tac phit hop nhét trong nhém
xuc tac tong hop duoc.

- Xac dinh cac diéu kién thich hop ctia qua trinh chuyén hoa methyl
2-keto-L-gulonat thanh vitamin C.



Chwong 1. TONG QUAN

1.1 SO LUQC VE VITAMIN C

Vitamin C duoc tim thay nhiéu nhét trong trai cdy, 1a chat dinh dudng
rat can thiét cho su séng cta sinh vat. O linh vuc hoa sinh, 13 chit chéng
oxy hoa, tham gia vao cac qua trinh tong hop enzym, ting stc dé khang,
phuc hdi strc khoe, dic biét ngan ngira bénh scobut ¢ nguoi [1-7]. Vitamin

C duoc phan lap lan dau tién vao nim 1928 bai Szent Gyorgyi.

HO HO
HO HO
0 O -0
H!
HO OH o 0
Acid ascorbic (dang khir) Acid dehidro ascorbic (dang oxi hoa)

Hinh 1.1. Cong thirc héa hoc ctia acid ascorbic

Vitamin C 1a mot chit dinh dudng rat quan trong va khong thé thiéu
d6i v6i con nguoi, néu thiéu vitamin C co thé ngudi mat stc dé khang, co
nguy co mic bénh Scurvy cao. Tuy nhién, néu co thé dugc cung cip du
thira vitamin C thi ¢6 xu hudng giam luong hap thu va dao thai vitamin C
mot cach hoang phi trong nude ticu, 1au ngay c6 thé dan dén rdi loan tiéu
hoéa, thira sit trong mau, giam d6 bén hong cau, dic biét 1a soi than (canxi
oxalat) do tao acid oxalic,...Tuy nhién, co thé ngudi lai khong thé tu tong
hop dugc vitamin C, do d6 can bo sung vitamin C dudi dang thic dn hoic
dudi dang dugce phém. Vi vay, viéc san xuét vitamin C 13 hét strc can thiét.

Vitamin C lan dau tién duoc tong hop tai phong thi nghiém boi
Reichstein vao nam 1932. Tir nim 1938, vitamin C bét dau dugc san xuét

thuong mai dua trén cac qua trinh ctia Reichstein.
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Hinh 1.2. So' @6 khéi vé 2 phwong phap tong hop vitamin C

Nam 1969, nhém nghién ctru khoa hoc cua vién nghién ctru vi sinh vat
thudc Vién han 1am khoa hoc Trung Qubc di nghién ctru tong hop vitamin
C theo qua trinh 1én men hai budc st dung phan tng oxy héa sinh hoc dé
thay thé phan tng oxy hoa hoa hoc: st dung L-sorbose sinh ra trong giai
doan dau 1én men lam nguyén li¢u tho, tién hanh giai doan thtr hai Ién men
sit dung chung hén hop, gom khuan Bacillus acid gulonic oxy héa va
Pseudomonas dé tao ra 2-KLGA, théng qua chuyén hoa va tinh ché,
vitamin C s€ duoc tao ra.

Nam 1972, nha mdy Duogc phém Bic Kinh hoan thanh viéc thu
nghiém qui mo6 nhd va vira. Nam 1974, qua trinh san xuét san pham trung
gian vitamin C 1a 2-KLGA bang qu4 trinh 1én men hai budc trai qua su

danh gia cua cac s& va vién lién quan. Nam 1976, Nha may Dugc pham



Thuong Hai bat ddu st dung qué trinh méi nay dé san xuit vitamin C lan
dau tién. Thang 4 ndm 1980, qua trinh san xuat san pham trung gian cua
vitamin C 13 2-KLGA bang qué trinh 1én men hai giai doan da duogc trao
giai nhi boi iy ban phat minh ctua Bo khoa hoc nha nudc Trung Qudc. Phat
minh nay dat d&én cip Qudc té tién tién.

Trong budc dau tién cua ca qué trinh Reichstein truyén thong va qua
trinh 1én men hai giai doan mai, sorbitol dugc oxi hoa thanh sorbose béng
phuong phap 1én men. Tat ca cac nha san xuit déu sir dung cung mot loai
vi sinh vat cho qué trinh 1én men nay. Ca qua trinh Reichstein va 1én men
hai giai doan déu khong lién quan dén viéc sir dung sinh vét bién d6i gen
(genetically modified organisms - GMOSs). Hai qua trinh nay déu cho hiéu
sudt san xuat vitamin C khoang 60%.

So sanh hai phuong phép téng hop vitamin C cho thdy, phuong phap
Reichstein sir dung nhiéu dung méi hitu co, hoa chat doc hai giy 6 nhiém
mdi trudng va tidu ton nhiéu ning lugng, trong khi d6 phuong phap 1én
men hai giai doan c6 tinh chat vu viét hon vi khong st dung nhiéu dung
moi doc hai do vy it gdy 6 nhiém moi trudng va tiét kiém chi phi nguyén
lidu. Hién nay, phuong phéap 1én men hai giai doan duoc 4p dung trén nhiéu
qudc gia, dic biét 1a & Trung Qudc, Nhat Ban, Han Qudc, Prc.... Phuong
phap 1én men hai giai doan bao gébm 5 budc chinh (hinh 1.2): Lén men D-
sorbitol thanh L-sorbose, oxy hoa L-sorbose thanh 2-KLGA, ester hoa 2-
KLGA bang ancol trong sy c6 mit clia xtc tac, cudi cung thuc hién dong

vong (lacton hod) va trao d6i ion dé thu duoc acid L-ascorbic.

1.2. GIOI THIEU VE ACID 2-KETO-L-GULONIC
1.2.1. Mt s6 tinh chit cia acid 2-keto-L-gulonic

Phan tr 2-KLGA chtra mot nhém —COOH, mét nhém C=0 va bdn
nhom —OH (bang 1.1). Do d6, 2-KLGA mang day du tinh chat cia mot
acid no don chuc: 1am d6i mau chat chi thi 1a quy tim thanh d6 hong, tac

dung v&i cac kim loai hoat dong, cac dung dich base va mudi, tac dung voi
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ruou tao hop chét ester va nude (x(c tac H"),... dong thoi ¢ ca tinh chat

ctia rugu no da chuc va tinh chit caa ether no don chie.

Bang 1.1. Tinh chit vat Iy cia 2-KLGA

QH OH 0]
Cong thirc cdu tao ™ H
OH OH O
Khéi luong phén tir 194,14
Dic tinh vat Iy Chét ran
Mau sic Mau tring
Mui Khong mui
Piém néng chay 159°C -162°C

1.2.2. Qua trinh tong hop acid 2-keto-L-gulonic

Trong cong nghiép dé tong hop 2-KLGA ngudi ta sit dung phuong

phép 1én men tir L-sorbose. Pay 13 qua trinh 1én men gém 2 giai doan sau:

CH>0H CHO COOH
——0 ——0 —O
HO——H HO——H HO—1—H
H——oH % | o4 —> H—1—OH
HO——H HO——H HO——H
CH,OH CH,OH CH,OH
L-sorbose L-sorbosone acid 2-keto-L-gulonic

Hinh 1.3. So' d6 tong hop 2-KLGA tir L-sorbose
1.2.2.1. Co ché sinh tong hop 2-KLGA tir L-sorbose
Qua trinh tong hop 2-KLGA tir L-sorbose dd duogc tap trung nghién
ctru tir 14u trén quy mé phong thi nghiém va dd ung dung san xudt cong
nghiép. Qua trinh sinh tong hgp 2-KLGA x4y ra trong té bao chat dudi tac

dung cua enzym sorbosone dehydrogenase (SNDH).
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Trong qué trinh chuyén hoa boi vi sinh vat, L-sorbose trude hét dugc
chuyén hoa thanh L-sorbosone boi enzym L-sorbose dehydrogenase, sau do
L-sorbosone tiép tuc duoc oxy héa thanh 2-KLGA boi enzym L-sorbosone
dehydrogenase. Rat nhiéu vi sinh vt c6 kha ning sinh ra enzym L-
sorbosone dehydrogenase, nhung lai chi c6 mot s6 it vi khuan c6 kha ning
sinh ra enzym L-sorbose dehydrogenase. Do vay trong qua trinh nghién ctru,
phai tién hanh lya chon cac chung vi khuén thich hop. Ngoai ra con ¢6 mot
nguyén nhan khac 1am hiéu suit chuyén héa khong cao 1a do trong mot sb vi
khuan c6 hoat tinh enzym 2-KLGA reductase cé tic dung khur 2-KLGA
thanh acid L-idonic [8].

1.2.2.2. Tinh hinh nghién ciru qud trinh lén men sinh tong hop 2-KLGA

tir L-sorbose

Céac nha nghién ctu da thiét 1ap phuong phép téng hop vitamin C
bang vi sinh vat rat hiéu qua thay thé phuong phap héa hoc (Reichstein)
van dang sir dung trén thé gidi. Hién nay, viéc nghién ctru cic chung vi
sinh vat c6 kha ning sinh tong hop 2-KLGA van dang duoc cha ¥ do hiéu
sut chuyén hoa 2-KLGA thanh vitamin C bang con dudng sinh hoc c6
hiéu qua cao .

Piéu kién qua trinh 1én men ciing 13 yéu td quan trong, thong thuong
néng d6 L-sorbose ban dau 1a 5% + 25%, nhiét d6 1én men 20°C + 40°C
trong thoi gian 10 gio + 120 gio, pH moi truong 5,5 + 7,5. Trong moi
truong phai dam bao c6 ngudn cung cap carbon, nito, mudi vo co, mudi
acid hiru co va cac nguyén td vi lugng, ngoai ra néu can thi phai cung cap
thém chat kich thich sinh truéng nhu: acid pantothenic, biotin, thiamine,
riboflavine,...[9]

Qua trinh sinh tong hop 2-KLGA tir L-sorbose c6 thé st dung ting
chung men riéng biét hay két hop cac chung vi sinh vat véi nhau dé ting

hiéu suat chuyén hoa. Lana Amine Nassif [10] d& nghién ctru 1én men sinh



tong hop 2-KLGA trén rat nhiéu chung Gluconobacter riéng biét, cho thay
ham luong 2-KLGA trung binh dat 1,5 g/l va cao nhat dat 13 g/l trén moi
truong chira 80 g/l sorbose. Theo Ikuo Nogami va cong su [11] da nghién
ctru 1én men tir mot sé ching Pseudogluconobacter saccharoketogens riéng
biét. Két qua cho thdy ham luong 2-KLGA dat tir 50g/1 +70 g/1, néu dugc
d6t bién thi kha ning sinh tong hop 2-KLGA 1én t&i 80g/1 + 90 g/l.

Céc nha nghién ctru Nhat Ban da xac dinh duogc vai tro cta cac ching vi
sinh vat Acetobacter, Bacterium hozc Pseudomonas trong qua trinh sinh tong
hop 2-KLGA tir L-sorbose dudi diéu kién hiéu khi, nhung véi hiéu suat 1én
men chua cao. Trong khi d6, nam 1990, Yin va cong su [12] d tién hanh lén
men san xuit 2-KLGA bang hdn hop ching Bacillus megaterium va
Gluconobacter DSM 4027 thudc bd suu tap chung gidng vi sinh vat ciia Dirc.
Két qua cho thiy hiéu suat chuyén hoa sorbose thanh 2-KLGA dat 80% +
85%, tuy nhién tac gid da khong xac dinh vai tro cua tung chung trong su
chuyén hoa hén hop.

1.3. PHAN UNG ESTER HOA
1.3.1. Pic diém ciia phan g ester

Phan g ester hoa 1a phan ung thuan nghich, dién ra khong hoan
toan, hay bi giéi han boi viéc tiéu thy khong hoan toan chat phan Gmg. Vi
thé ma & trang thai can bang bdn cau tir trong phan tmg déu c6 mit & mot
ty 1¢ khong thay doi duoc nita, toc ¢ phan tmg thuin va nghich bang nhau
va truot tiéu anh hudng ctia nhau. Ngoai ra, phan tng ester hoa 1a phan tng
cham, trong mot sb trudng hop, ¢ nhiét do thudng trang thai can bang chi
dat dugc sau vai ngay.

1.3.2. Co ché ciia phén wng ester hda

Co ché cua phan ung ester hda dung xUc tac acid xay ra theo céc

budc nhu sau:
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Buée I: Acid carboxylic s& nhan mot proton tir xtic tac acid, proton sé& tin
cong vao cip electron khong lién két trén nguyén tir oxi. Sy truyén proton
vao oxi sé tich dién duong cho acid carboxylic.

Burée 2: Pién tich duong trén nguyén tir carbon bi tn cong bai cip electron
khong lién két trén nguyén tir oxi cia ancol.

Burée 3: Tiép theo mot phan tir nude sé tach ra.

Burée 4: Proton bi tach ra (tra lai x(ic tac nhu ban dau).
1.3.3. Cac yéu td anh hwéng dén phan vng ester héa

Luong ester tao thanh & can béng phu thude nhiéu vao bac cua ancol. Tir
mot mol acid va mot mol ancol tham gia phan tng, nguoi ta thu dugc khoang:

- 0,67 mol ester néu 1a ancol bac 1

- 0,60 mol ester néu 1a ancol bac 2

- 0,05 mol ester néu 1a ancol bac 3

Nhu vay, yéu t6 ban chat chat tham gia phan tng anh huong 16n dén
hiéu suét tao ra san pham. Ngoai ra, & lam cho phan tng thuin nghich
dién ra hoan toan hon va cai thién hiéu suit san pham, c6 thé tac dong vao
ba thong $6: néng do, nhiét do va ap Suét.

Trong trudng hop phan tng ester hoa khi thay doi nhiét do hay ap
suat thi thoi gian dat trang thai cAn bang ciing thay d6i, nhung thanh phan
hdn hop phéan tmg & can bang thi khong thay doi. Tuy nhién, c6 thé lam
thay d6i trang thai can bang dé thu dugc nhiéu san pham ester hon bang
cach str dung mot lugng du mot chat phan tng (thuong 1a chat ré tién hon)
so v6i mot chat phan tmg khac. Vé&i cach ndy mot chat phan tng co thé

dugc ester hoa gan nhu hoan toan, con chat cho du ¢6 thé dugc thu hoi. Két
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qua tuong tu c6 thé thu dugc bang cach loai mot trong nhitng san pham cua
phan ng trong qua trinh chiing tao thanh. Mgt qua trinh thuong dugc st
dung dé 1am cho phan mg ester hoa dién ra hoan toan (ngay ca khi khong
du mot trong cac chit phan tng) 13 loai nude boi cac ki thuat phu hop.
Phan ung ester hoa dugc ung dung rong rai trong cong nghiép, do do
dé dat duoc hiéu qua kinh té nhu mong doi, ngoai vi¢c ap dung cac bi¢n
phap k¥ thuat nham chuyén dich can bang phan tng dé nang cao hiéu suat,
viéc sir dung chit xuc tac nham ting tbc do, rut ngan ngin thoi gian cla

phan tng cling luén dugc ap dung.
1.3.4. Phan vng ester hoéa sir dung xic tac di thé

Gan day, x(c tac ran trén co s¢ nhya trao d6i cation acid manh da
dugc st dung thwong mai, timg budc thay thé xuc tac dong thé nhu acid
H,SO, [13-15]. Phan tmg ester héa st dung chat xtc tac acid 1a nhya trao
d6i ion da dugc nhiéu tai lidu dé cap dén. Alime va cong su [16] di nghién
ctru vé qua trinh ester hoa acid acetic v4i isobutanol trong pha long, chét
xuc tac 1a nhya trao doi ion. Joachim Veits [17] da nghién clru qué trinh
lién tuc san xuét ester cua 2-KLGA bang nhua trao doi ion Amberlyst-15
cho d0 chuyén hoa 2-KLGA va chét lugng san pham methyl 2-keto-L-
gulonat dat duoc theo phuong phap niy twong dbi cao (khoang 98%).
Andreas va cong su [18] da bao cao 2-KLGA phan tmg véi alcol C;-Cyg
trong mang mong trén bé mat néng cung vai viéc loai dong thoi nudce khi
c6 mat chat xtc tac acid rin. Wang [19] dd cong bd rang nhua trao do6i
cation D72 1a chat xtc tac tt cho qué trinh ester hoa 2-KLGA. Bhaskar va
cong su [20] da phat trién qua trinh méi dé diéu ché acid ascorbic bang hé
thiét bi phan tng 16p xtc tac rin cb dinh dé thyuc hién chuyén héa 2-KLGA
thanh acid ascorbic. Oklobdzija [21] d& dua ra mot phuong phap san xuat

ascorbat gom qué trinh ester hoa hai giai doan ciing bang chat xuc tac acid
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ran. Tang [22] dd nghién ctru phan ung ester hoa 2-KLGA véi methanol
trén xdc tac nhya trao d6i ion D001 trong thiét bi phan tmg 16p c¢b dinh .
Mic du vay, xtc tac nhua trao ddi cation c6 nhuoge diém 1a khong
bén v6i nhiét do (chiu duoc nhiét do dudi 120°C) nén pham vi tng dung
ctia chiing ¢6 phan bi han ché. Xtc tac siéu acid di thé co tinh acid manh,
bén nhiét hon nhiéu so v&i xtc tdc nhya trao doi cation nén dugc xem 1a
XUc tac ¢ tiém ning Gng dung trong cac qua trinh xtc tac acid ndi chung

va qua trinh ester hoa ndi riéng.

1.4.XUC TAC SIEU ACID DI THE

1.4.1. Xuc tac carbon sulfonat hoa

Trong sb cac xuc tac acid di thé, xfic tic trén co s¢ carbon sulfonat
hoa di duoc nghién ctru va ing dung trong mdt sé phan ung ester hoa giita
acid va rugu nhu gitra acid acetic véi ethanol, gitra acid acetic vai cac acid
béo tu do (acid palmitic, acid caprylic hay acid oleic) va phan ng trans-
ester hoa ciia cac triglyceride (triacetin, tricaprylin va dau d4u nanh) voi
methanol. X(c tac trén co s carbon sulfonat hda c6 dién tich bé mat riéng
cao va thé hién hoat tinh cao hon so véi cac xuc tac acid dj thé duoc khao
sat khac trong cac phan ung ester hda noi trén.

Xiao-Yan Liu va cong sy [23] da tong hop xtic tic AC-SO;H dya
trén qua trinh khir mudi diazo cua cac hydrocarbon thom, cu thé trong cong
bb nay ho da tong hop carbon sulfonat hoa bang phan ung giira 4-benzene-
diazonium sulfonate vdi carbon hoat tinh str dung acid HsPO, lam tac nhan
khtr. Xuc tac thu dugc ¢6 ham luong -SOzH chiém 0,64 mmol/g va dién
tich bé mit riéng 16n 602 m*/g. Nhom tac gia cling tién hanh cac thi nghiém
so sanh hoat tinh ctia xtc tac voi Cac xUc tac acid ran thwong mai khac 1a
Nafion NR50 va Amberlyst-15. Két qua nghién ctru chi ra rang, Sau 10 gio
thuc hién phan tng ester hoa gitra acid acetic voi ancol ethylic, d6 chuyén

héa acid véi su ¢6 mit cia AC-SOzH (78%) thap hon so v6i su ¢6 mit cua
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Amberlyst-15 (86%), diéu nay co thé giai thich do ham luong -SO5H trong
AC-SO;H thap hon rat nhiéu so véi Amberlyst-15 (4,60 mmol/g). Tuy
nhién, AC-SOzH c6 thé thé hién hoat tinh xuc tac twong dwong hodc cao
hon nhiéu so véi cac xtic tac thuong mai khac trong cic phan tng ester hoa
cua cac acid aliphatic véi mach carbon dai nhu acid hexanoic hay acid
decanoic, diéu nay c6 thé giai thich do dién tich bé mat riéng 16n va céu
tric 16 x4p cua carbon hoat tinh. AC-SO,H ciing ¢6 nhuoc diém 13 sy tham
thau ctia nhdm -SOH trong qua trinh phan tmg.

Theo nhoém tac gia Masaaki Kitano va cong su [24], xUc tac carbon
sulfonat hoa (AC-SOsH) c6 ciu tric 16 x6p v6i dién tich bé mat riéng cao
dugc tong hop bang cach tam ZnCl, 1én tién chat cellulose (bot gd, mun
cua), sau do hon hop tim dugc nung trong 1 gid ¢ 523-873K trude khi hoat
hoa va sulfonat hoa. Cac két qua nghién ctru cho thay dién tich bé mat riéng
ctia xuc tac carbon 16 xdp ting 18n khi ting nhiét 46 qué trinh carbon hoa,
va dién tich bé mit dat 1560 m?/g & 773K. Cac phép phan tich ciu trac cho
thay xtc tac carbon 16 xdp dugc carbon héa & nhiét do cao hon 723K cho
mat do vi 16 va mesopores cao. Xuc tac carbon xdp thé hién hoat tinh xtic
tac cao d6i v6i phan tmg ester hoa cua acid acetic (¢ 343K), hoat tinh chi
phu thudc vao mat do acid. Ngoai ra, x(ic tac nay ciing c6 hoat tinh cao dbi
véi qua trinh benzyl hoa cta toluen vai benzylchloride (6 373K), tuy nhién
trong truong hop nay hoat tinh phu thuoc vao ca mat do tam acid va dién
tich riéng bé mat riéng, trong khi d6 véi cac xuc tac carbon sulfonat hoa
khong cé cau trac vi 16 hoat tinh xtc tac bi han ché rat nhiéu. Két qua thu
dugc ciing chi ra rang viéc tam ZnCl, déng vai trd quan trong trong viéc
dam bao su phat trién cdu tric vi 10 trong qua trinh hoat hoa carbon, cho
phép carbon tham gia phan tng ki nudc duoc xtc tac boi acid, trong khi
cac xuc tac carbon khong ngdm tam thé hién hoat tinh rat han ché.

Feng Peng cung cac cong su [25] da nghién clru qua trinh sulfonat

hoa 6ng nano carbon véi mat do6 nhom acid sulfonic cao bang phan ung
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giira acid sulfuric dic véi carbon nano éng ¢ nhiét d6 cao (250°C). San
pham thu duoc 1a mot xtc tac acid protonic manh, c¢é hoat tinh xtc tac cao
trong phan tng ester hoa, hira hen sé& thay thé cac xuc tac “acid 1ong” thé hé
cii khong thé tai ché va va kho phan tach. Két qua thu duoc cho thiy, so véi
carbon hoat tinh thong thuong thi carbon nano 6ng dé dang gan cac nhom
acid -SOzH voi mat do tam acid cao trong cung diéu kién. Bang cach hap
phu NHj3, nhém tac gia da xac dinh dugc ham lugng nhdém -SOzH cé trong
xuc td&c CNTs dugc xuir li H,SO4 1én téi 15.4% (tuwong tng voi 1.90
mmol/g). Hoat tinh xuc tac cua vat lidu cling dugc danh gia bang phan g
ester hoa ¢ 328K giita methanol va acid acetic trong 1 gio phan tng. Tdc
d6 hinh thanh methyl acetat voi sy ¢6 mat cua xtc tac CNTs/H,SO,4 (65
mmol.min™.g™) 1én gép 3 14n so véi xuc tac AC-H,SO, (20 mmol.min™.g™)
hay HNO;-CNTs (18 mmol.min™.g™). Mit khac xtc tac acid rin nay con
c6 thé thu hoi bang cach loc, rira nhiéu 1an bang nudc cat cho dén khi pH
khong ddi, sau d6 say kho. Trong thi nghiém néu trén, xtc tac van duy tri

hoat tinh cao sau 3 lan tai ché.

Xunhua Mo cung cac dong nghiép [26] di nghién ctru qua trinh hoat
hoa va vo hiéu héa xtic tac carbon sulfonat hoa. Xuc tac ndy dugc tong hop
bang cach sulfonat héa san pham nhiét phan cua D-glucose. Bai bao tap
trung nghién ctru, danh gia hoat tinh xuc tac carbon sulfonat va so sanh véi
cac loai xuc tac khac nhu Nafion SAC-13 hay H,SO,4, m6t loai xuc tac acid
Bronsted twong tu khac. Cac thuc nghiém dua trén phan ing ester hoa cac
acid béo tu do (acid acetic hay acid caprylic) va phan ung trans-ester héa
clia céc triglyceride (triacetin, tricaprylin va dau dau nanh) voi methanol.
Dbi v6i phan tng ester hoa pha 16ng cua acid acetic va phan mg trans-ester
héa cua triacetin v6i methanol, xuc tac carbon sulfonat cho thiy do hoat
dong cia cac tam xuc tac la twong duong vai acid sulfuric trong chu trinh 1
gid phan tng, dong thoi thé hién hoat tinh xtic tac riéng (theo khdi luong)

cao hon nhung gia tri TOF ban dau lai thdp hon so véi xtic tac Nafion
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SAC-13. Su trrong 1én cua xuc tac 1a 13 yéu td then chét quyét dinh do hoat
dong cua xtc tac acid carbon sulfonat, va sy xuat hién ctia nd c¢6 anh hudng
16n dén hoat tinh ban dau trong cic phan tng pha léng. Trong phan ng
ester hoa pha 1dng cua acid acetic, hoat tinh xtc tac gidm trong cac chu ki
ban dau cta phan tmg lién tuc nhung sau d6 nd dat dén mot trang thai on
dinh sau vai chu ki xuc tic & 60°C. Viéc xtc tac it bi truong Ién trong pha
khi gay ra mot khoang thoi gian cdm ng va lam gidm hoat tinh xtc tac
trong phan tng ester hoa acid acetic. Mit khac, bang phép do "H-NMR va
cac phép phan tich ctia hdn hop chét 1ong sau phan Gmg, nhom tac gia cho
réng chit xuc tic bi v hiéu hoa do sy thim thiu, rira troi cla cac
hydrocarbon thom c6 nhiéu vong, c¢6 chira nhom -SOzH, dic biét trong moi
truong phan cuc. Cac thi nghiém ddi véi ca hai loai phan tmg 1a ester hoa
va trans-ester hoa déu chi ra rd rang rang hiéu qua tich lily cta loai xuc tac
cham bi phong 1én trong méi trudng it phan cuc duge kiém nghiém boi su
v6 hiéu hoa xtic tac do qué trinh tham thau hodc rtra troi dan dén sy ting do
hoat dong trong cac chu ki dau va sy mat di hoat tinh trong cac chu ki sau.
Titantian Li va cong su [27] di tong hop thanh cong xtc tac acid ran
bang qué trinh sulfonat hda than ngd di dugc carbon hoéa. Xuc tac nay da
dugc kiém chimg 13 ¢6 hiéu qua va than thién v6i méi trudng dung trong
phan tng ester hoa acid oleic vi methanol, né ciing phan tan tot trong moi
truong phan cuc nho sy két hop cua cac vong carbon lién hop véi cac
nhom acid sulfuric. Nhom tac gia tip trung nghién ctru cac thong sd phan
mg nhu: nhiét d6 qua trinh carbon hoéa, thoi gian phan tmg. Cac két qua
thu duoc cho thiy xtc tic nay thé hién ham lugng acid cao 2,64 mmol/g.
Ham luong cua ester thu duoc 1én téi 98% nho st dung xuc tac carbon
sulfonat & 333K véi ti 1¢ (theo khéi lugng) giira xuc tac/oleic 1a 7%, phan
ung trong 4 gid va ti 1&é mol methanol/acid oleic = 7/1. Trong khi, & cung

diéu kién phan tmg, xtc tac thuong mai Amberlyst-15 chi cho ham luong
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ester dat 85%. Vi tinh chét ki nudce, xtc tac nay co thé ngan can sy hydrat
héa ctia nhom -OH, nhiam duy tri d6 manh cia acid khi c6 mit ciia nude.
Win Mar cung dong nghiép [28] da nghién ciru qua trinh ester hoa
acid oleic véi methanol trén xuc tac carbon sulfonat hoa. Xc tac duoc diéu
ché tir biomass, théng qua qua trinh carbon hoa khéng hoan toan & nhiét do
tir 473-673K trong 1 gio, dudi moi trudng khi Ny, 10i duoc sulfonat hoa
bang acid sulfuric dic & 373K trong 10 gio, dudi dong khi N,. Hon hop thu
dugc duoc lam nguodi vé nhiét do phong, loc rtra béng nudc nong cho dén
khi khong con ion sulfat. Cudi cting, chat ran duoc sy kho ¢ 373K trong 6
gi0. Cac két qua thu duoc chi ra rang cac 16p carbon mém duogc chic hoa boi
nhom chiic -SOzH ¢6 thé tiép can dé dang voi cac phan tir acid béo cong
kénh, nho d6 thu duge hiéu suat methyl oleat cao (trén 80%) trong diéu kién
phan img nhe nhang (ty 1€ methanol/oleic acid = 10/1, ham lugng xuc tac la
2%, phan tng ¢ 353K trong 6 gi®). Hon nita, cac nhom chiic -COOH sinh ra
trong qua trinh carbon hoa khong hoan toan va nhiét do sulfonat hoa cé thé
g6p phan anh huong 18n hoat tinh xtc tac ciia nd. Nho cac vu diém nhu hoat
tinh trong phan tmg ester hoa tdt, c6 thé tach d& dang va dé téng hop, chat
xUc tic ndy giup lam giam chi phi san xuat biodiesel tir nguoén nguyén liéu

acid béo tu do va quy trinh san xuét than thién voi méi truong hon.

Atsushi Takagaki va cong su [29] da tong hop thanh cong mot loai
acid rin co hoat tinh xtc tac tot hita hen s& thay thé acid sulfuric trong phan
g ester hoa cta cac acid béo ty do. Pau tién, D-glucose dugc carbon hoa
khong hoan toan ¢ nhiét do thdp nham tao ra cac vong carbon thom da
vong. Sau d6 nhom chire -SO3H duoc dua vao vong carbon thom cuia cac
l6p carbon v6 dinh hinh bang cach nung D-glucose ¢ 673K trong 15 gid
dudi dong khi Np, thu dugc chit rin mau xam den. Chat bot nay dugc
sulfonat hoa béng acid H,SO, dac 98% hoac oleum H,S0,.15% SO; &
423K trong moi truong N,. Sau 15 gio, hdn hop dugc 1am ngudi vé nhiét
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do phong, thém nudc cat dé thu dugc két tha mau den. Két tua nay duogc loc
rira bang nudc néng dé loai bo tap chét va ion sulfat. Cac két qua danh gia

hoat tinh xtc tac cho thay hiéu suat ethyl oleat cao (trén 90%).
1.4.2. Xic tac zirconi sulfat héa (SO,*/ZrO,)

Zirconi dioxide (ZrO,) la chit rin mau tréng, tdn tai dudi mot sb dang
tinh thé khac nhau. Dang tinh thé don nghiéng cta ZrO, ton tai trong tu
nhién dudi dang khoang baledeit c6 cu trac tinh thé khong dong déu voi
s6 phéi tri bang 8. O diéu kién binh thuong céu trac don nghiéng cua tinh
thé ZrO, duoc thé hién qua cac thong sb: a = 5,15; b = 5,21; ¢ = 5,3; a=p=
90° v = 90°. ZrO, cing, kho nong chay va bén nhiét. Su chuyén doi hoan
toan cdu trac gilra dang t&r dién va dang don nghiéng dién ra & nhiét do
1193°C dén 1200°C. Qua trinh chuyén pha ciu tric ciling c6 thé xay ra &
diéu kién nhiét do thap khoang 20°C dén 100°C nhung ap suat ciia qua trinh
phai la 37 kPa [30].

Zirconi dioxide duoc diéu ché bang cach nung zirconi hydroxide ¢
nhiét 4o cao. Zirconi hydroxide ton tai & két tua trang keo, co thanh phan
bién doi véi cong thuce 1a ZrO,.nH,0. Két tua khi méi tao thanh c6 chua
nhiéu nhém ciu -OH dang o, qua thdi gian mat nudc, tiép tuc bi polime
hoa tré thanh dang B chira nhiéu nhom cau oxy [31].

Dang o Dang B:

|

O
O e
SN

|
H

Hinh 1.4. Dang o va B cuaa zirconi hydroxide
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Céc tinh chat cua zirconi hydroxide phu thudc rat nhiéu vao mudi
nguyén liéu dau, gia tri pH ciia dung dich trong qua trinh thyc hién két tia

hydroxide va nung sau loc rira, siy kho [30], [32], [33].

Theo nhiéu tai liéu di ching minh thi tinh thé ZrO, ¢ trang thai tir
dién dugc xem la mot oxide rén c¢6 tinh acid kha manh nhung khi st dung
truc tiép lam chét mang thi co nhiéu mit han ché bai dién tich bé mit riéng
rat bé (20m”/g, ¢ nhiét d6 nung 700°C) va ciu trac pha tir dién tinh thé
khong ddng déu din dén hoat tinh xtc tic khong cao. Dé khic phuc nhiing
nhugc diém d6, nguoi ta tién hanh sulfat hoa mau trudc khi sir dung xtc
tac. Su c6 mit cua ion SO,” trén bé mit dd 1am 6n dinh pha t dién va
chdng lai sy chuyén pha cau tric, do vay dién tich bé mat riéng cta chat

mang ciing dugc ting 1én so v6i mau chua duoc sulfat hoa [34], [35].

Qué trinh sulfat héa c6 thé thuc hién trén nén zirconi hydroxide va
zirconi dioxide, nhung theo Jing Qui Li va cac cong sy [36], qua trinh
sulfat hoa trén nén zirconi hydroxide s& cho dién tich bé mit riéng cao va
su mat mét luu huynh trong qua trinh nung nho hon so voi khi thuc hién
trén nén zirconi dioxide (duwoc nung tir zirconi hydroxide ¢ 500°C trong 4
gid). Qua trinh sulfat hoa miu bang H,SO, t6t hon sulfat hoa bang H,S
hoac SO, hodc (NH,),SO, vi sulfat hoa béng H,SO, s& cho bé mat riéng
cao hon 2+7 1an so véi mau sulfat hoa bang H,S hodc SO,, dong thoi sau
khi tai sinh bang H,S hodc SO,, miu s& khong con 13 siéu acid nira. Mt
khéc, néu st dung (NH,),SO, s& cho mau xtc tac co bé mat riéng 16n hon
so v6i sir dung H,S hodc SO,, nhung qué trinh dua kim loai 1én bé mit chét
mang, ion kim loai dé tao phttc vdi NH," 1am giam do phan tan cta kim

loai 1én bé mat chat mang dan dén lam giam hoat tinh xtc tac.

Phuong phap sulfat hoa thuong duoc st dung la phuong phap ngam
tam. Phuong phap nay c6 uu diém 13 c6 thé diéu chinh dugc ham luong luu

huynh tuong d6i thong qua khdi luong thuc cia H,SO, ngay trong giai
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doan hép phu lén bé mit chat mang, déng thoi ¢o thé thém vao mot luong
acid phu dé bu trir cho sy mat mat xdy ra khi nung. Ngoai ra, trong qué
trinh ngdm xay ra phan tng hoa hoc gitta bé mit chit mang va ion SO~
lam ting dién tich bé mit chat mang va 6n dinh ham luong luu huynh trén
chat mang. Theo Dalip Kumar va cong su [37], zirconi hydroxide diéu ché
tr ZrOCl,.8H,0 va dung dich amoniac. Trudc tién hoa tan ZrOCl,.8H,0
vao nudc, nhé tir tr dung dich amoniac va luén dam bao pH = 11. Phan
g thuc hién dugc khudy trong 12 gid va ¢ nhiét d6 phong. Sau do rua
sach két tiia bang nudc cat (thir lai bang AgNO3). Zirconi hydroxide dugc
sdy & 120°C trong 2 gio, sau d6 nung 400°C trong 2 gio thu duogc zirconi
oxide. Sulfat héa miu bang H,SO, 0,5M. Sau 24 gid khudy tron, loc két
tha, rira sach br?lng dung dich H,SO, 0,05M, séy kho & 120°C, nung &
500°C trong 1 gid thu dugc zirconi sulfat hoa.

Zirconi sulfat héa duoc coi nhu 13 mot siéu acid ran boi cuong do
acid manh hon H,SO, va cé tam acid Lewis. Ti 1€ tam acid Bronsted/Lewis
phu thudc vao phuong phéap diéu ché, mic d6 hydrat hoa va nhat 1a ché do
nung [30],[38].

1.4.3. Xuc tac di da acid trén co sé HPA
1.4.3.1. Khdi nié¢m

Dj da acid 1a mét ho cac acid duoc tao thanh nho sy két hop dic biét
giita hydro va oxy véi mot s6 kim loai va phi kim. Pa s6 di da acid la cac
phan tir ¢6 khoi luong 16n, & dang ran.

Mot hop chét di da acid thudng bao gdm cac thanh phan chinh nhu sau:

- Mot kim loai nhu W, Mo hodc V;

- Mot di t6 nhu Si, P hodc As;

- Nguyén tu O;

- Nguyén tur H.

Trong d0, cic nguyén tir oxy va céc di to tao nén mot cum lién két, ndi

cac nguyén tir kim loai v6i nhau. Mot s vi du vé di da acid:
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- HsX""M 1,049 trong d6: X = Si, Ge; M = Mo, W.

- H3X" M 3,04 trong d6: X = P, As; M = Mo, W.

- HeX5M 150, trong do: X =P, As; M = Mo, W.

V6i tinh chit siéu acid di thé da dugc Gmg dung cho nhiéu phan tng
hoa hoc [39-59].

1.4.3.2. Ciu tricc ciia di da acid
a) Cdu triic phan tir di da acid

Do kha ning két hop giira cac phéi tir kim loai va cac di td khac nhau
nén co rat nhiéu loai di da acid [60]. Cac di da acid c6 thé ton tai ¢ dang
cdu tric khac nhau nhu Keggin, Dawson, Anderson... Hai trong sb cac
nhom dugc biét dén nhiéu nhat 13 cac di da acid trén co s& cau triic Keggin

(H\XM1,040) va cac di da acid trén co sé cAu trac Dawson (HX2M315062).

(a) (b)

Hinh 1.5. Cau tric Keggin (a) va cau tric Dawson (b)

Tuy nhién céu trac Keggin dugc nghién ctru nhiéu hon vi cau trdc nay
dugc danh gia c6 tinh acid manh va do 6n dinh cao hon ca [61].

Céac di da anion ciu tric Keggin c6 cong thirc: X" "My,040"° [62].
Trong d6: X 1a nguyén tir trung tam (Si*", Ge*, P**, As™, ...); n 1a s6 oxi
hoa ctuia nguyén tir X. M 1a Mo hodac W, kim loai nay co thé bi thay thé mot

phan bai mot s6 kim loai khac.
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Hinh 1.6. Di da anion céu tric Keggin

Céu triic ndy dugc phat minh dau tién boi I.F Keggin vao nam 1933
[63]. Cau truc Keggin (hinh 1.4) bao gdm mdt trung tAm t& dién (XO4)™
duoc bao quanh béi 12 bat dién MQOg. 12 bat dién MOg dugc chia thanh 4
nhom chinh, méi nhém bao gém 3 bat di¢n nhu dugc trinh bay trén hinh 1.6.
Su sap xép cau triic ndy dan dén sy hinh thanh mét polyanion dang cau.

C6 nhiéu loai cau trac tht cip cua di da acid kiéu Keggin khac nhau.
Cac mang tinh thé lap phuong tdm khéi thuong gip nhu:
H3PW1,040.6H,0, mang 1ap phuong tim mat nhu: H3PW;,049.29H,0. Cau
tric thtr cap ctia HsPW1,040.6H,0 duoc biéu dién trén hinh 1.7. Céc loai
mang khac duoc tao ra tir cac anion Keggin phu thudc ca vao sb luong cac

phan tu hydrat hoa va dién tich anion.

55

Hinh 1.7. Cau trac thir cip ciia H,PW,,0,,.6H,0.

MB&i ion H;O,* 1am cau ndi giira bon polyanions
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b) Cdu triic proton ciia di da acid

Nghién ctru cdu trac proton ctia cac hop chat di da acid 1a mot bude
quan trong dé hiéu vé hoat tinh xtic tac. Cac anion Keggin c6 ba dang
nguyén tir oxy bén ngoadi nhu cic trung tdm proton tiém ning: Dang
nguyén tir oxy ngoai cing M=0 va hai dang nguyén tir oxy c6 cau ndi M-

O-M, phan bd canh va phan bd goc twong tmg.

Su tuong quan vé dd dai lién két chi ra réng, cac anion tu do co cac
nguyén tir oxy trong lién két M-O-M c6 mat d6 dién tir cao nén chung dé
tham gia vao qué trinh proton héa hon céc oxy con lai. Trong khi d6, dbi
véi cac polyanion la céac di da acid, cac proton thuong tham gia vao sy hinh
thanh cau tric tinh thé di da acid bang cach lién két véi cac polyanion bén
canh. Do do, trong truong hop nay cac oxy ngoai cung s¢ 1a nhiing nguyén
tir d& bi proton héa. Pay chinh 1a nguyén nhan tao ra sy khac biét vé cau
tric proton cua cac di da acid so vdi cac polyanion ty do. Nhu vay, tinh
acid cua cac anion Keggin khong nhitng phu thugc vao nhiing proton dinh
vi trong cdu trac cla xuc tdc ma con phy thudc vao cic nguyén tir oxy

ngoai cung trong thanh phan ctia hop chét di da acid [64].

1.4.3.3. Tinh chit ciia cdc di da acid
a) Tinh chat acid

Céc tinh chat acid-base ciia cac hop chat di da acid c¢6 thé dugc thay
d6i bang cach lua chon dj t6 trong cau tric so cap va cation [60].

Cac di da acid déu 13 nhimg acid manh va manh hon nhiéu so véi céc
acid ran truyén théng nhu SiO,-Al,0;, HsPO4/SiO,, zeolit HX va HY va
cac acid v6 co nhu H,SO,, HCI, acid p-sulfonic toluen...Cac di da acid nay
c6 tinh acid manh 1a do ¢6 sy di chuyén mat d6 dién tich trén toan bé mat
ctia polyanion c6 kich thudc 16n, din dén hinh thanh lyc tuong tac yéu giita

cac proton va anion.
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Luc acid ¢6 thé duge miéu ta theo ham acid Hammett H,;:

Ho = pKen" — log ((BH']/[B]

Trong d6: [B] 1a ndng d6 cua chat chi thi B; [BH'] 1 ndng d6 cua acid

lién hop; Kgy+ 12 hang s6 can bang ctia phan tmg: BH' <> B + H',

Ty 1& [BH')/[B] c6 thé duoc xac dinh bang phd tir ngoai va phd hong

ngoai, hay dugc xac dinh bang phuong phap so sanh mau va xac dinh cac

diém chuan trong phuong phap chuin do.

Trong thuc té, H,SO, 100% duoc biét dén nhu mot chat co tinh acid

manh véi luc acid Ho= -11,94. Do d6, dé danh gia lyc acid ctia mot chat

nao do, gia tri H, cua H,SO4 100% dugc xem nhu mot mbc gia tri ddi

chtng. Cac acid c6 gi4 tri thip hon -12 dugc xép vao loai siéu acid [65].

C4c siéu acid c6 gia tri Ho khoang -20 (manh gap 10° 1an so véi acid H,SO,

100%) nhu HSO4F - SbFs. Gia tri cia ham Hammett ciia mot sb acid rin

dugc trinh bay trong bang 1.2.

Bang 1.2. Gia tri H, ciia mdt sé chat xuc acid rin

STT Hop chit c6 tinh acid Luwec acid H,
1 | H,S0, -11,94
2 Nafion -12,0
3 | HsPW1,04 -13,2
4 | AICI; - CuCl, -13,7
5 | SbFs/SiO, — Al,O4 -13,7
6 | SOZITIO, -14,5
7 | SO4”1Zr0o, -16,1

Duya vao tinh acid manh cua cac hop chat di da acid, nguoi ta hy

vong s¢€ tao ra dugc mot chat xtic tac mai ¢6 tinh acid manh, than thién véi

moi truong, dong thoi khac phuc dugce nhitng nhugce diém cua cac chat xuc

tac dong thé duoc st dung pho bién tir trude dén nay nhu HCI, H,SO, ...
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b) Tinh oxi hoa khir

Kha nang khir ciia cac hop chat di da acid c6 chita Mo va V trong
dung dich, thudng cao hon cac hop chét di da khac, béi vi cac ion ndy co
tinh oxy héa manh. Trong d6, V 1a nguyén td co tinh oxy héa manh nhat
nén cac hop chit dj da chira V rat d& bi khtr [65]. Ngoai ra, ban chat cta di
t6 1am thay doi dién tich tong ctia polyanion nén ciing anh hudng rat 1é6n
dén tinh oxy héa khir ctia cac hop chat di da acid. Chang han, su ting dién
tich dan dén giam kha ning oxy hoa cia cip oxy héa khir W**/W>* trong
cac hop chat sau: PYW1,040> > Si'VWi,040" = Ge'YW1,04" > B"'W1,040™
~ Fe""W1,040” > HyWi15040% = CoW15040° > Cu'Wi504"

Ngoai ra, ion duong con lai ciing giy ra tac dong dang ké dén kha
ning oxy hoa khtr cta di da acid. Khi ion duong cang dé bi khir thi di da

acid ciing dé bi khir va nguoc lai [60].
c) Tinh on dinh nhiét

Tinh 6n dinh nhiét cua cac di da acid thuong kha cao va su thay doi
cta tinh on dinh phu thudc rat nhiéu vao loai di da acid [66]. Tinh on dinh
nhiét ctia cic di da acid thay ddi theo cdu triic ctia cac hop phan tao nén
chung, chéng han nhu:

H,PW,,0, > H,SIW,,0,, > H,PMo0,,0,, > H,SiMo0,,0,,
O nhiét d trén 400°C, sy phan huy cdu tric Keggin 1a nguyén nhan
lam giam tinh acid, phan mg phan hiy nhu sau:
H,PW,,0,) — 1/2 P,Os + 12 WO; + 3/2 H,0
Ngoai ra, tinh on dinh nhiét cta cc di da acid con phu thudc vao
mdi trudng tiép xuc. Chang han nhu trong moi trudng tiép xtc cd mat hoi
nudc va oxy s& lam ting tinh 6n dinh nhiét cia cac hop chat di da acid.
Nguoc lai, néu cac hop chat di da acid tiép xac voi méi truong ¢ tinh chat

khir thi tinh 6n dinh nhiét giam di dang ké.
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d) Kha nang hoa tan trong nuoc

Thong thudng, cac hop chét di da acid 14 nhiing chat ran dé hoa tan
trong nudc va tan han ché trong cac dung moi khong chtra nudce. Dic biét
cac di da acid hoan toan khdng tan trong cac dung méi nhu benzen, ete dau
va chloroform [62].

Dbi véi cac mudi cua cac hop chét di da acid, tinh tan phu thudc vao
ban chat cta ion kim loai. C6 thé phan thanh hai nhom chinh nhu sau:

- Nhém thir nhit bao gdm cac mudi cua cac ion kim loai ¢6 kich thudc
nho nhu: Na*, Cu®*, Li*... Pay la cac mubi dé tan trong nudc va cac dung
moi phan cue. Cau triic ctia cac mudi ndy c6 nhiéu nét twong déng véi cac
di da acid.

- Nhém th{r hai 1a mudi ciia cac ion c6 kich thudce 16n gdm: K*, Rb”,
Cs', ... Cac mudi nay kho hoa tan trong nudc va cac dung moi phan cuc
nén cé thé dugc ap dung lam chat xtc tac acid ran cho mot s6 qua trinh hoa
hoc. Tuy nhién, loai xtic tac ndy can dugc dic trung cac tinh chét Iy hoa dé
hiéu r& hon ban chat ciia xuc tac ddi véi cac phan tmg khac nhau.
¢) Dién tich bé mdt va cdu triic 16 xop

Dién tich bé mat va cau trtc 15 x6p cta cac hop chat di da acid phu
thudc rat nhiéu vao cac hop phan tao nén ching. P6i véi cac mudi ciia cac
kim loai c6 kich thudc nho (cac kim loai nhém A hodc H) nhu Na, Mg,
Cu... c6 dién tich bé mit thap (1-15 m?/g).

Trong khi d6, dién tich bé mat riéng cua cac mudi nhém B nhu Cs,
Ag’, K*, NH,"... thudong cao hon nhiéu (khoang 50-200 m?/g). Khi thay thé
mot phan H' boi cac nguyén tir ¢6 kich thude 16n nhu Cs*™ hay NH,", cau
tric vi mao quan cua hop chat di da acid c6 thé dugc ndi rong (> 0,59 nm)
va ¢ thé duoc kiém soat théng qua viéc diéu chinh ty 1¢ trao ddi ion. Do
d6, ban chat ctia ion duong trong cac hop chét di da acid c6 anh hudng rat

16m dén dién tich bé mat riéng cling nhu tinh chat xop cua vat li¢u.
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Ngoai ra, dién tich bé mit riéng ctia cac hop chat di da acid con phu
thudc rat 16n vao kich thudc cac hat so cip, ty 18 trao doi ion, qua trinh két
tha va giai doan sy xUc tac [66].

d) Tinh chdt xiic tdc

Chtrc ning xuc tic cta cac hop chit di da acid da thu hat dugc nhiéu
su quan tdm dic biét trong hon hai thip ky qua [66]. Theo quan diém vé
tinh chét acid, nguoi ta da chi ra rang cac hop chat di da acid c6 tinh acid
manh hon nhiéu so v6i phan 16n cac loai x(c tac acid thdng thuong khac
[60]. Trong dung dich nudc, cac di da acid nhu HsPW;,049, HsSIW 1,04 Va
H3PMo01,04 bi phan ly hoan toan; hang sb phan ly cua céac di da acid trong

aceton duogc trinh bay trong bang 1.3.

Bang 1.3. Hing s6 phan ly ciia cac di da acid trong aceton

(tai nhiét do 25°C)

Acid pK. pK; pKs
HsPW;,040 1,6 3,0 4,0
H4PW,1,VOyo 1,8 3,2 4,4
H4SiW1,040 2,0 3,6 5,3
HsPM01,040 2,0 3,6 5,3
H,SiM01,040 2,1 3,9 5,9
H,S0, 6,6
HCI 43
HNO; 9,4

pK: =-logK;~ pK; = - logK, pKs = - logKs

S liéu tir bang 1.3. cho thay, tai nhiét do 25°C, cac di da acid trong
aceton phan ly manh hon cac acid vo co thong thuong nhu H,SO,4, HCI. Do
d6, chung da dugc tng dung cho nhiéu phan tmg khac nhau nhu: dé hydro
hoa ancol, ester hoa, alkyl hoa, isome hoa,...[67]. Tuy nhién, cac hop chat

di da acid hoa tan rat tt trong cac dung mdi phan cuc nhu nuée, ancol,
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ceton, ether... nén chung dugc coi nhu cac xuc tic ddng thé. Xac tic hoa
tan trong moi truong chat phan tng s& gay khé khan trong viée thu hdi xuc
tac, tach va tinh ché san pham. Do d6, dé tan dung duoc nhimng wu diém
ctia cac hop chat dj da acid can thiét phai di thé hoa xuc tac.
1.4.3.4. Tinh hinh veng dung xvc tac di da acid

Viéc sir dung nhitng hop chit nay trong qué trinh xuc tac di thé da
duogc biét dén tir thé ky thir 19 [68] va bat dau dugc quan tAm nhiéu tir giira
nhitg nim 1970. Nhitng hop chét nay c6 thé duoc st dung tot cho qué
trinh xtc tac oxy hoa, ciing nhu qua trinh xtc tac acid [69-72]. Thuc té, cac
hop chit nay thé hién tinh chat dic biét, tiy theo cong thirc phan tir ma
chung c6 tinh oxy hoa khtr tot hodc tinh chét acid tot [69],[72].

Céc hop chat di da acid dd dugc nghién ciru va tng rong rai trong
nhiéu phan tmg héa hoc nhu: Phan tng tong hop cac hop chat di vong,
phan ung oxy hoéa — khit, phan ing dién hoa, phan Gng quang hoda ...[73],
[74]. Pién hinh trong tong hop cac hop chat di vong 13 truong hop cua
Benzimidazole, day 1a thanh phan chu yéu trong mot s6 loai thude, cho dén
nay di co nhiéu phuong phap tong hop cac dan xuét cua Benzimidazole
khac nhau nhung hiéu sudt khong cao va phai tién hanh qua nhiéu giai
doan. Tuy nhién, cac nghién ctru sir dung cac xuc tac di da acid nhu
H14[NaPsW300110], Ha[PM01;VOy0], Hs[PM010V>040] va He[P2W150s,] cho
thay, phan tng dat hiéu suat chuyén hoa cao trong thoi gian twong ddi ngan
va thu duoc cac san pham dé dang. Chang han, phan tng tong hop 2-amino
chromenes st dung xuc tac Hyg[NaPsW300;10], hi€u suat phan tng dat 99%
trong thoi gian 45 phut. Ngoai ra, hoat tinh cao cia cac xuc tac di da acid
con duge thé hién trong nhiéu phan tng khac nhu: phan tmg oxy hoa cac
ancol, oxy hoa cac andehyd, phan tmg ngung tu Knovelnagel hay cac phan
tmg acyl hoa cac hop chat carbonyl... [73]. Pac biét, cac hop chat di da
acid thé hién tinh hiéu qua ddi véi cac phan tng ester hoa. Cac phan tmg

ester hoa thuong co6 do chuyén hoa thap va thoi gian phan tGng c6 thé kéo
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dai dén vai ngdy. Tuy nhién, cac nghién ctru [75], [76], [77] cho thiy, phan
ung co do chuyén hoéa va do chon loc cao khi sir dung cac hop chit dj da
acid 1am chit xac tac. Chang han nhu: Phan tng ester hoa cia acid salicylic
véi cac ancol (methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-
butanol, 1-pentanol, 2-pentanol) va cac ancol benzylic (benzylic, 2-
methylbenzylic, 2-clobenzylic, 4-brombenzylic, 3-nitrobenzylic va 4-
metoxybenzylic) duoc tién hanh lan luot trén cic xUc tac nhu:
H14[NaPsW500110], Hi1a[NaPsW29M0O110], Hia[NaPsW300110], H14Ps/SIiO,,
H14sPsMo, H14Ps. Hoat tinh xtc tac dugc so sanh véi xuc tac déng thé H,SO,.
Céc két qua nghién ctru chi ra rang: Trong tat ca cac trudng hop, cac xuc tac
déu c6 hoat tinh va do chon loc cao. Trong do, Hi4Ps thé hién nhirng tinh
chat vuot troi hon ca voi dd chuyén hoa va do chon loc xap xi 100%.

Weihong Zhang va cac cong su [78] di st dung mudi cta di da acid
cho phan tng cua styren v4i formalin, két qua d6 chuyén hoa ctia phan tng
dat 98,7% va do chon loc dat 99,8%.

Degqing Chu va cac cong su [79] di str dung mubi kém cua di da acid
cho phan ung loai bo chat mau trong nudc thai. Trong nghién ctu cia
Pierre - Yves Gayraud [67], d st dung xuc tac di da acid diéu ché bang
phuong phap trao doi ion cho phan tng ankyl héa isobutan véi buten.
Misono va cong su [80] cho ring, cac mudi di da acid cua Cs, nhu
Cs,5H05sPW1,049 thu dugc tir phwong phap trao ddi ion c¢6 tinh acid manh,
c6 dién tich bé mit riéng 16n (100-200 m*/g), day 1a mot chét xac tac acid
ran tot cho nhiéu phan Gng hitu co.

Jean M. R. Gallo va cong su [81] da sir dung xtic tac AgsPW,049 cho
phan g dehyrat hoa ethanol thanh etylen cho hiéu suét phan tng dat 95%.

Vi Thi Thu Ha va cong su [82] da sir dung xutc tac K;s5HosPW;1204
cho phan tng ester hoa acid lactic va ethanol, hiéu suit san pham ethyl

lactat trén 80% sau 2 gio phan tng, cao hon khi sir dung xuc tac thuong

mai Amberlyst-15.
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Chwong 2. THUC NGHIEM

2.1. TONG HOQP XUC TAC
2.2.1. Téng hep xiic tac carbon sulfonat héa
2.2.1.1. Héa chét, dung cu va thiét bi

Hoa chat: mun cua gd, H,SO, (95-98%, Sigma-Aldrich), BaCl, (Trung
Quéc), nudc cit.

Dung cu va thiét bi: Cdc, bat s, 6ng dong, phéu loc, can phan tich,

may khudy tir, tii sdy, thiét bi nhiét phan, ...
2.2.1.2. Téng hop xiic tic

Xuc tac carbon sulfonat héa dugc tong hop tir mun cua, sau khi
nghién min, mun cua tiép tuc duoc nhi¢t phan dudi dong khi N, véi tbc do
gia nhiét 10°C/phut, trong thiét bi nhiét & 400°C trong 5 gid. Sau do, cr 1g
san pham dugc ngam trong 4 ml H,SO, dam dic & 150°C trong 17 gior dudi
ap suat khi quyén trong diéu kién thuy nhiét. Hon hop sau sulfonat hoa
dugc 1am lanh dén nhiét do phong va pha lodng trong nudc cit nong dé
phan két tua den liang xudng, sau dé loc lay két tiia den rira bang nudc cét
noéng (khoang 70-80°C) cho téi khi nudc rira khong con ion sulfat. Cudi
cung, san pham dugc sdy & 200°C trong 2 gid dudi dong khi N, & ap suét
khi quyén thu dugc xtic tac carbon sulfonat hoa.

2.2.2. Tong hop xiic tac zirconia sulfat héa
2.2.2.1. Héa chit, dung cu va thiét bi

Hoa chat: Tinh quing zircon 72,3% (Ha Tinh-Viét Nam),
ZrOCl,.8H,0 99% (Trung Qudc), NaOH 96% (Trung Qudc), dung dich
NH,OH 28% (Trung Qudc), HCI 32% (Viét Nam), H,SO, 98% (Sigma-
Aldrich), nuéc cat.

Dung cu va thiét bi: Coc thuy tinh, chén sir nung, b loc hut chan

khéng, con tir, cAn phén tich, may khudy tir gia nhiét, ti siy, 16 nung, ...
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2.2.2.2. Tong hop xiic tic
* Tong hop muoi ZrOCl,.8H,0 tir tinh qudng zircon Viét Nam

Céac mAu tinh quing zircon ¢6 ham luong ZrO, 72,3 % dugc tron déu
v6i NaOH theo ty 16 NaOH/zircon 13 1,5; nung & nhiét d6 650°C véi tdc do
gia nhiét 1a 3°C/phut, trong thoi gian 1 gid. Mau sau khi nung duoc ria
sach nhiéu 1an bang nudc dén khi pH ctia nude rira khoang 7+ 8. San pham
thu duogc, hoa tan bang dung dich HCI va dun néng. Loc bo cin lo ling.
Sau d6, dé ngudi dén nhiét do phong thu duoc tinh thé ZrOCl,.8H,0 dang
hinh kim. Tinh thé duoc loc va rira lai nhiéu lan bang dung dich HCI c6
né)ng dd cao dé thu duge mudi ZrOCl,.8H,0 tinh khiét.

* Tong hop ZrO(OH), tir muoi ZrOCl,.8H,0

Nguyén liéu tong hop ZrO(OH), gébm hai nguén khac nhau
ZrOCl,.8H,0 tinh khiét va ZrOCl,.8H,0 diéu ché tir tinh quing zircon Viét
Nam nhu mo ta & trén. Qua trinh tong hop ZrO(OH), duoc tién hanh nhu
sau: nhé tuo tor dung dich NHj co néng do 1,7M vao dung dich mubi
ZrOCl,.8H,0 néng do 0,4M & nhiét d6 80°C, cho t6i khi hon hop dat pH =
6. Két tha dugc gia hoa trong thoi gian 2 gidr trude khi duge loc va rira sach
dén khi hét ion CI'. Sau d6, san pham duogc sdy ¢ nhiét d6 80°C trong 12
gid. San pham tao thanh tir hai ngudn nguyén liéu khac nhau néi dén ¢ trén,
duogc ky hiéu 1an luot 1a ZrO(OH),-quing va ZrO(OH),-tinh khiét.

* T cfng hop ZrO,1SO,% tir ZrO(OH),

Zr0,/SO,* duoc tong hop tir hai ngudn nguyén lidu khac nhau 13
ZrO(OH),-quing va ZrO(OH),-tinh khiét. Cu thé, ngdm ZrO(OH), trong
dung dich H,SO, ndng d6 0,4M trong 17 gio & nhiét d6 80°C (véi ty 16 1
gam ZrO(OH),/15ml dung dich H,SO, 0,4M). Sau d6, mau dugc nung &
nhiét d6 550°C trong 2 gio voi toe do gia nhiét 10°C/phat. San pham thu
duogc ky hiéu ZS-quang va ZS-tinh khiét.

30



2.2.3. Tong hep xiic tac di da acid trén co sé acid 12-phosphotungstic
2.2.3.1. Héa chit, dung cu va thiét bj

Hoéa chat: Acid 12-phosphotungstic (Sigma-Aldrich), Kali cloride
(Trung Qudc), Ceri cloride (Merk — Pc), Rubidi cloride (Sigma-Aldrich),
methanol (Trung Qudc), acid 2-keto-L-gulonic (Merk — Dric)

Dung cu va thiét bi: Buret, pipet, 6ng dong, cdc ¢b6 mo, con tir, nhiét
ké, can phan tich, may khudy tir gia nhiét, may ly tim, tu sdy.
2.2.3.2. Téng hop xiic tic
* Chuén bj hoa chét:

- Pha dung dich KCI, RbCI, CsCl bao hoa (tai 30°C); dung dich
H3PW;1,040 0,1M.

- X(c tac MyHz,PW,,0. (MPW) dugc tong hop bang cach thay thé
mot phan H' trong phan tir HsPW 1,040 boi K¥, Rb*, Cs*. Do d6, tuy thudc
vao lugng ion K, Cs* thay thé dé xac dinh thé tich dung dich HsPW;,04
va dung dich KCl bio hoa can st dung.

* Quy trinh:

- Bude 1: Nho tir tir cho dén hét dung dich H3PW;,040 0,1M vao cde
d3 chura sin dung dich MC1 bdo hoa (M 1a K hodc Cs hodc Rb), két hop voi
khudy va duy tri 6n dinh nhiét d6 dung dich phan tGng & cac nhiét d6 khao
sat. Sau khi nho hét dung dich HsPWy,04, tiép tuc khudy thém 2 gio, thu
duoc két tia rin mau tréng, min.

- Budc 2: Sir dung nudce cat 2 1an rua sach két taa cho dén khi dich
loc khong tao két tha tring voi AgNO;, dé cé thé dam bao ion C1” da dugc
loai bé khoi xuc tac.

- Budc 3: Sy xtc tac & 70°C trong vong 24 gio dé lugng nudc thoat
dan ra khoi xuc tac. Cudi ciing, xuc tac duoc say & 120°C trong vong 5 gio

de loai bo hoan toan nudc & trén bé mat cling nhu trong cac mao quan.
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2.2. CAC PHUONG PHAP PAC TRUNG TiNH CHAT XUC TAC
2.2.1. Phwong phap phéan tich nhiét (TGA -DTA)

Phuong phap phan tich nhiét dugc st dung dé xac dinh sy thay d6i
tinh chét vat 1y va hoéa hoc cia vat liéu dudi tac dung cua nhiét do. Phuong
phap nay thuong dung dé xac dinh nhiét do chuyén pha, thay doi vé kich
thude, Gmg suit, do dan hoi...cta vat liéu. Thong thudng cé hai phuong
phép phan tich nhiét d6 1a phuong phip phén tich nhi¢t vi sai DTA
(Differential Thermal Analysis) va phan tich nhiét trong lugng TGA
(Thermal Gravimetric Analysis).

DTA 1a phuong phap phan tich nhiét vi sai, trong d6 qué trinh gia
nhiét, mau bi bién doi trang thai (khir hap phy, hoa hoi, thing hoa, bién do6i
pha...) kem theo cac hi¢u trng nhi¢t (thu nhi¢t hay toa nhiét). Cac hi¢u tng
nhiét d6 ghi lai va dugc thé hién dudi dang dudng cong vi phan cia hiéu
ung nhi¢t theo nhi¢t do (hay thoi gian gia nhi¢t). DSC 1a k§ thuat nhiét
luong ké quét vi phan (Differential Scanning Calorimetry). V& nguyén tic
co s&, phuong phap DSC tuong tu nhu phuong phap DTA. Tuy nhién,
phuong phdp DTA khao sat qua trinh thong qua nhiét d, con phuong phéap
DSC lai khao sat qua trinh theo nhi¢t luong, nhiét lugng chinh la tham $6
can do. K thuat DSC nhay hon DTA, nhung DSC chi nghién ctru dugc cac
qua trinh xay ra ¢ nhimg nhiét d6 thap, véi cac chat hitu co, polyme, than
hoat tinh..., con DTA c¢6 thé dugc st dung & nhitng nhiét do cao, doi voi
cac chit vo co, khoang sét, gbm st...

TGA 1a phuong phap phan tich khdi luong theo nhiét do. Pay la
phuong phap do sy thay doi khéi luong mau khi gia nhiét mau theo mot
chuong trinh nhi¢t d§ (nang nhiét d§ theo mdt ché d6 quy dinh trudc).
Thiét bji TGA thuc chit gdm mdt can, phan cAn mau duogc dit trong 10 gia
nhiét, do nhiét do bang nhiét ké. Su thay d6i khoi luong 1a két qua cua qué

trinh dt gdy hodc sy hinh thanh cac mdi lién két vat 1y hodc hoa hoc khi
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gia nhiét, dan d&n sy bay hoi ctia cic chét trong miu (dung méi, nudc)
hodc 1a su ddt chay cac gdc hiru co. Két qua phan tich nhiét trong luong
cho phép tim dugc diéu kién dé sdy, nung miu ma khong anh hudéng dén
thanh phan cling nhu ciu trac ctia mau nghién ciru [83].

Thuyc nghiém: Do pho phan tich nhiét cia cac mau xtc tac duoc thuc hién
trén may PYRIS Diamon véi toc do gia nhiét 5°C/phut, tai Phong thi nghiém
trong diém Cong ngh¢ loc hoa dau, Vién Hoa hoc Cong nghi¢p Vit Nam.

2.2.2. Phwong phap do nhiéu xa tia X (XRD)

Theo 1y thuyét cau tao tinh thé, mang tinh thé duoc xay dung tir cac
nguyén tir hay ion phan b déu din trong khong gian theo mot trat tu nhét
dinh. Khi chum tia X t&i bé mat tinh thé va di su vao bén trong mang luoi
tinh thé thi mang ludi nay dong vai tro nhu mot cach tir nhiéu xa dic biét.
Céc nguyén tu, ion bi kich thich bdi chum tia X s€ thanh cac tam phat ra

cac tia phan xa [84].

PN

Hinh 2.1. So' d0 tia téi va tia phan xa trén mang tinh thé

\

4

Trén hinh 2.1 minh hoa tia t&i va tia phan xa trén mang tinh thé. Moi
lién h¢ khoang cach hai mat song song (dnsng gian), OC gitta chum tia X véi
mat phan xa va budc song A bang phuong trinh Vulf-Bragg.

2d.sin@=n A\ (1)
Phuong trinh Vulf - Bragg 1a phuong trinh co s¢ dé nghién ctru cau

tric tinh thé. Can cr vao cuc dai nhidu xa trén gian dd (gia tr1 26), co thé
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suy ra d theo cong thie (1). Ung voi mbi hé két tinh cu thé s& cho mot bd
cac gia tri d phan xa & cac goc quét xac dinh.

Phuong phap ndy duoc sir dung rong rai dé nghién ctru cdu triic tinh thé
ctua vat liéu. Tur hé thic Vulf-Bragg co thé nhan théy rﬁng, gbc phan xa ti 1¢
nghich v&i dyweng gian, hay khodng cach gitra hai 16p nat mang, nén dbi voi vat
liéu vi tinh thé khoang cach hai 16p nhé hon 20A° goc quét 20 thudong 16n
hon 5 d6. Tuy nhién, dbi véi vat liéu mao quan trung binh kich thudc mao
quan l6n hon 20AO, thi nhidu xa xuat hién & gbc quét 20 nhé hon 5 do.

Kich thudce hat cua vat li¢u tinh theo phuong trinh Scherrer nhu sau:

282,28,

l

B1

[

62—64

282

Hinh 2.2. P tu clia peak nhiéu xa gy ra do kich

K4 2)

A= Dcos®

Trong do: K = 0,9; 214 budc soéng cua tia X (trong trudong hop nay 4 =
0,154 nm); S 1a d6 rong nira chiéu cao peak nhiu xa minh hoa & hinh 3; 6
13 goc nhiéu xa; D 1a kich thudc hat.

Thuc nghiém: Két qua dic trung tinh chit ciu trac cua x0c tac téng
hop bang phuong phap XRD dugc do trén may D8 Advance diffractometer
tai Khoa Hoa, truong Pai hoc KHTN - DPai hoc quéc gia Ha Noi va Vién

Nghién ctru qué trinh xtc tdc va moi truong, Lyon, Cong hoa Phap.
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2.2.3. Phwong phap do pho hong ngoai (IR)

Phuong phap phan tich theo phd hdng ngoai 1a mot trong nhing k¥
thuat phan tich rit hiéu qua. Mot trong nhitng vu diém quan trong nhét cua
phuong phap pho hong ngoai so véi cac phuong phap phén tich ciu triic
khac (nhifu xa tia X, cong hudng tir dién tir) 1a phuong phap ndy cung cap
thong tin vé ciu tric phan tir nhanh, khong doi héi cac phuong phap tinh
toan phuc tap.

K§ thuat nay dya trén hiéu img don gian 1a: Cac hop chat héa hoc co
kha ning hap thu chon loc buc xa hong ngoai (400- 4000 cm™). Su hap
thu bitc xa hong ngoai tuan theo phuong trinh Lambert-Beer:

A=Ig||—°=gLC 3)

Trong dé: A - mat do quang; I, va I - cuong do biic xa hong
ngoai trudce va sau Khi ra khoi mau phan tich; C - nong dé chat phan
tich (mol/L); L - Do day cta cuvet (cm); ¢ - hé s6 hap thu phan ti.

Sau khi hip thu céc buc xa hong ngoai, cac nguyén tir tir trang thai
nang luong co ban chuyén sang trang thai kich thich va tao ra cac dao
dong cong huong dac trung cho lién két [85],[86].

AE=E-E, =hv (4)

Trong d6: E - miic nang luong & trang thai Kich thich; E, - mic
nang luong ¢ trang thai co ban; v - tan s6 dao dong dac trung cho lién
két; h - hang so Planck.

Cac dao dong cua lién két dugc xem la doc lap khong anh huong
lan nhau, do dé, cac tan s6 cong huéng hoan toan dac trung duoc cho
ting loai lién keét riéng biét va xuat hién dai pho hap thu goi 1a phd hap
thu birc xa hong ngoai.

Puong biéu dién su hap thu cia mat do quang vao chiéu dai

buéc song 1a phé hap thu hong ngoai. M6i cuc dai (dinh) trong pho IR
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dac trung cho dao déng ctia mot lién két trong phan tir. Boi vay, phd
héng ngoai ciia mot hop chat hoa hoc coi nhu “déu van tay”, c¢6 thé can cir
vao d6 dé nhan dang chung [87].

Khéng phai bat ky phan tr nao ciing c6 kha ning hip thu bic xa
héng ngoai. Mat khac, ban than cua sy hép thu do cling c6 tinh chit chon
loc. Bé mot phﬁn tlr co thé hép thu birc xa héng ngoai, phan ti do can phai
dap ung cac yéu cau sau:

- Do dai song chinh xac ctia buc xa: Mgt phan tr hép thu buc xa hé)ng
ngoai chi khi ndo tan s6 dao dong tu nhién ctia mot phan tir (tte 1a nguyén tir
hay cac nhdm nguyén tir tao thanh phan tir d6) ciing 14 tan s6 cua birc xa toi.

- Ludng dién cuc: Mot phﬁn tr chi hép thu buc xa héng ngoai khi nao

su hap thu d6 gay nén su bi€n thi€én momen ludng cuc ctuia chung.

Thuc nghiém: Phé héng ngoai cua xuc tac duge do tai Vién Nghién
ctru qua trinh xtc tdc va moéi truong, Lyon, Cong hoa Phép va tai B0 moén

Hoa ly, Khoa Hoa hoc, truong Pai hoc su pham Ha Noi.
2.2.4. Phwong phap hién vi dién tir quét (SEM)

Nguyén ly: St dung mot chum dién tir (chum electron) hep quét trén
bé mit mau. Viéc tao anh ctia miu duoc thuc hién thong qua vi¢c ghi nhan
va phan tich cac blrc xa phat ra tir tuong tac ctia chum dién tir v&i bé mat
mau nghién ciru.

Chum dién tr duogc tao ra tir catot qua hai tu quang s€ dugc hoi tu 1én
mau nghién ciru. Chum dién tir ndy duoc quét déu trén mau. Khi chum dién tir
dap vao mau, trén bé mit miu phat ra cac di¢n tir phat xa thir c?ip. Mdi mot
dién tir phat xa ndy qua dién thé gia tc vao phan thu va bién doi s& bién thanh
tin hi¢u anh sang, ching duogc khuéch dai, dua vao mang ludi diéu khién tao
d6 sang trén man anh. Mdi diém trén mau nghién ctru cho mot diém trén man
anh. DJ sang tbi trén man anh tuy thudc lugng dién tur thu cép phat ra va tdi

bd thu va phu thudc tinh trang bé mat mau nghién ctru. Nho kha nang phong
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dai va tao hinh anh 10 nét, qua dé cho phép xac dinh kich thudc va hinh dang
ctia mau nghién ctu [88].

Thyuc nghiém: Cac mau xuc tdc dugc chup anh SEM trén thiét bi
Hitachi model S4800 ctia Nhat tai Phong hién vi dién tir, Vién V¢ sinh dich
t& Trung wong.

2.2.5. Phwong phap hién vi dién tir truyén qua (TEM)

Nguyén ly: Sir dung chum dién tr c6 niang luong cao chiéu xuyén
qua mau vat rin mong va st dung cac thau kinh tir dé tao anh c6 do phong
dai 16n (c6 thé toi hang trieuj 1an), anh c6 thé tao ra trén man huynh quang,
hay trén phim quang hoc, hay ghi nhan bang cac may chup k¥ thuat sb [88].

Thyc nghiém: Cac mau dugc chup anh TEM dugc do trén may
Philips Tecnai 10 microscope, do phan giai kich thudc nguyén tu, dién ap
100 KV tai Phong hién vi dién ti, Vién V& sinh Dich t& Truong uong.

2.2.6. Phuong phap phd tan sic ning luong tia X (EDX)

Nguyén tic ctiia phuong phép 1a khi chiéu chum dién tir vao bé mat
mau nghién ctu, khi d6 trén bé mit mau xuét hién hién tuong phat ra tia
Ronghen cia mau va médy ghi nhan dugc duong tin hiéu thong qua detector
giai md dang pho tia X. Phd ndy c6 cac dang peak dic trung cho cac nguyén
t c6 trong mau va cho cac két qua dinh luong vé cic nguyén to can phan tich
trong mot ving phod phén tich [89]. Pay 1a phuong phap két hop véi qua trinh
phéan tich SEM, TEM hoac HR-TEM.

Thuc nghiém: Cac mau xuc tac duoc do trén thiét bi JEOL JEM 1010
ctuia Nhat tai Vién nghién ctru khoa hoc va cong ngh¢ tién tién, truong Pai hoc

Bach khoa Ha Noi.
2.2.7. Phwong phap do dang nhiét hip phu - giai hap phu nito (BET)

Phuong phap xac dinh dién tich bé mat cta céc vat liéu ran dya trén gia

thuyét cia Brunauer-Emmett-Teller va phuong trinh mang tén tic gia ndy
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(phuong trinh BET (6)). Phuong trinh nay duoc st dung rong rai dé xac

dinh dién tich bé mat vat liéu ran:

1 1 C-1( P < 1 1 C-1(P
w[(R,/P)-1] W.C Ww.C (FOJ hode V[(R,/P)-1] V,C V.C (FO) (6)
Trong d6: W 1a luong khi bi hdp phu tai ap suit tuong ddi P/Pg, hoic V

1a thé tich chit bi hap phu & 4p suét twong ddi P/P, tinh bang cm®

Wi, 1a lugng khi bi hép phu tao nén moét don 16p trén bé mit vat lidu
ran hodc Vi, 1a thé tich 16p hap phu don phan tir trén toan bd bé mat S tinh
bang cm®; C 1a hing s6 BET, lién quan dén ning lwong hip phu trong don
16p hip phu dau tién va két qua 1a gia tri d6 duoc dua ra kha ning tuong tac
qua lai giira chat hip phu va chét bi hap phu.

Pbi voi phan 16n chat ran, khi dung nito 1am khi bi hap phu thi
phuong trinh BET cho ta dd thi biéu dién sy phu thudc ctua 1/[W(P/P) — 1]
theo P/P, c6 dang tuyén tinh trong ving gidi han dang nhiét hap phu, théng
thuong trong vung nay P/P, = 0,05 — 0,35.

P
W(R, - P) -

P/P,

Hinh 2.3. Pd thi biéu dién sw phu thudc ciia W(+ theo P/P,

0
Puong phu thudc thuc nghiém nay cho phép xac dinh hé sd goc
(C-1)/WyC va tung d6 gbc 1/W,C. Tir d6 xac dinh Wi, va suy ra Sger .
Khi nito dugc st dung rong rai dé xéac dinh dién tich bé mat vi tir khi

cho gia tri trung binh cta hing s C (50 + 250) (Acs=16,2(A%? ) ddi voi
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phan 16n bé mit chat ran. Dbi voi sy hdp phu don 16p cia N, ¢ 77K, tiét
dién ngang cta N, 12 16,2 A%,
Vao nam 1985, ITUPAC da dua ra mot cach phan loai chuén cho cac

hép phu nay thanh 6 loai chinh nhu chi ra trong hinh 2.5.

Specific amount adsorbed n

v v Vi
Capillary
gvaporation l i !
g1
-apillary
. condensation
Relative pressure p/ip®

Hinh 2.4. Céac dang dwong hap phu ding nhiét

Trong hinh 2.5, cac dang nhiét loai IV va V dic trung cho hap phu
trong vat li€u ludng mao quan va vat li¢u mao quan trung binh & d6 qua
trinh hap phu hinh thanh da 16p tiép theo 12 ngung tu mao quan & ap suét
cao hon.

Khi nito bi hép phu 1én vt liéu mao quéan trung binh, dudng tré cua
né (nhanh hip phu va giai hip khong trung nhau) thuong giéng nhu loai
dang nhiét hap phu loai IV [90] .

Thue nghiém: Puong dang nhiét hip phuy, giai hip N, cua cac xac
tac dugc do trén may Automated BET sorptometer 201-A, tai Phong thi
nghiém trong diém Cong nghé loc héa dau, Vién Hoéa hoc Cong nghiép
Viét Nam va Vién Nghién clru qué trinh xtic tac va moi truong, Lyon,

Cong hoa Phap.
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2.2.8. Phuong phap pho hip thu nguyén tir (AAS)

Phuong phap phé hép thu nguyén tur dya trén su hép thu chon loc cac
buc xa cong hudng ctia nguyén tir & trang thai tr do ciia nguyén td can xéac
dinh. D6i v6i mdi nguyén t6 vach cong hudng thuong 1 vach phd nhay nhat
ctia pho phat xa nguyén tir cia chinh nguyén tir d6. Dé thu duoc phd hap thu
nguyén tir ciia mot nguyén tb nao d6 phai thuc hién cac budc sau:

- Qua trinh héa hoi va nguyén tir hda mau tao ra cac don nguyén tir,
duoc thuc hién ¢ nhiét do cao nho ngué)n nhié¢t 1a ngon Itra dén khi: phun dung
dich chita chat phan tich ¢ dang aerosol vao ngon Itra dén khi. Hodc bang
phuong phap khong ngon lra nhd tac dung nhiét ciia 1o graphite. (Trong diéu
kién nhiét do tir 1500°C dén 3000°C da s cac nguyén tir tao thanh & trang thai
co ban. Pam hoi don nguyén tir nay chinh 1a méi trudng hip thu bic xa va
sinh ra pho hap thu nguyén tir).

- Chiéu chum tia birc xa déc trung cia nguyén té can phan tich qua dam
hoi nguyén tir vira duge diéu ché. Chum tia btic xa ndy duoc phat ra tir dén
cathode rong (dén HLC) hay dén phong dién khong dién cuc (EDL) lam bang
nguyén t6 can xac dinh. Do cac nguyén tir tr do c6 thé hap thu cac buc xa
cong huong nén cuong do ctia chium buc xa di qua mau giam. Sy hap thu nay
tuan theo dinh luat Lamber-Beer-Bouger:

A=lg Tor =¢&l.N
12

Trong do: A: Do hép thu; 1,,,1,, : Cuong do buc xa trudc, sau khi bi
hap thu tai budc song A ; & : Hé s6 hip thu nguyén tir tiry thudc timg nguyén tb
tai budc song 4; |: DO day 16p hoi nguyén tir; N: Nong do nguyén tir chat
phan tich trong 16p hoti [91].

Thuc nghiém: Phuong phéap xac dinh thanh phan nguyén té trong cac
mau xuc tac di da acid duoc xac dinh trén may do tai Vién Nghién clru qua

trinh xtic tac va méi truong, Lyon, Cong hoa Phap.
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2.2.9. Phwong phap phén tich nguyén t6 C, H, N, S, O

Phuong phap phan tich nguyén t6 C, H, N, S, O cho phép xac dinh
ham lugng nguyén td & murc do vi luong, cho d6 chinh xéac cao. So dd thiét

bi dugc mo ta dudi day.

Auto-sampler

He N, CO, H,O SO,
o, =
Flash . —

Dynamic
Combustion PC

* T =1800"°C
Oxidation

44 i - .

Reduction ; b

o o Etr! T rIT IO |

Detector
GC Column Dedicated integrator

Hinh 2.5. So' @b thiét bi phan tich nguyén t6 C, H, N, S, O

Thuc nghiém: Mau carbon va carbon sulfonat héa dugc do trén may
Flash 2000 of Thermo Scientific tai Vién Nghién ctru qua trinh xdc tac va

moi truong, Lyon, Cong hoa Phép.

2.2.10. Phwong phap gidi hip phu NH; theo chwong trinh nhiét d
(TPD-NH3)

Phuong phép giai hdp NH; theo chuong trinh nhiét do (TPD-
Temperature Programmed Desorption) dugc tim ra vao nim 1960 dé xac
dinh Iuc acid va lugng cac tam acid tuong Uing trén xuc tac. Nguoi ta su
dung NH; nhu mot chat do, dugc hap thu bio hoa trén cac tim acid cia bé
mat xuc tac. Cac mau xtc tac sau khi dugc hép thu can béng NH; dudi diéu
kién xac dinh s€ dugc gia nhiét theo chuong trinh nhiét 6. Khi nang luong
nhiét cung cdp 16n hon ning luong hap thu. Cac phan tir NH; giai hap khoi

bé mit chat hap thu va dugc khi mang dua qua Detector dé xac dinh luong.
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Lap d6 thi biéu dién su phu thudc giita lwong NH; giai hap theo nhiét
d6. Trong qua trinh giai hap NHj; theo nhiét do, trén nhimg tdm acid yéu sé
giai hdp NH; trude, nhitng tim acid manh giai hip NH; sau. Nhu vay, cac
tam co luc acid manh s€ cO T 10n. Téng dién tich peak NHj cho biét
luong khi hip thu va tir d6 c6 thé tinh duoc [H'] (s6 tdm acid) trén mot don
vi khéi luong chit xtc tac (mmol/g).

Mobi quan hé giira nhiét d6 giai hip va ning luong (nhiét) giai hap
dugc biéu dién theo phuong trinh sau:

Log(T,"/B) = - E4/2,302.RT, + log(E;A/RC) (7)

Trong do: B- tdc do gia nhi¢t tuyén tinh; Tp- nhi€t d§ cua peak; Eq -
nang lugng giai hap; A- luong chét bi hap phy bdo hoa; C-hang sb toc do
giai hap.

Nhu vay, d6 thi log(T,’/ B) Theo 1/T, s& la dudng thang chi quan hé
tuyén tinh gitra hai dai lugng nay trong qua trinh giai hap theo chuong trinh
nhiét d6 va tir d6 co thé xac dinh dugc gid tri Eq tir d6 doc cua db thi.

Dua vao dién tich peak giai hép tai cac nhiét 4o khac nhau ta c6 thé
xac dinh dugc dung lwong NHj tiéu thu va tir d6 danh gia dugc luc acid va
s6 luong cac tam acid twong ung. Céc tAm acid yéu sé& giai hdp NH; ¢ nhiét
d6 thap va nguoc lai cac tim acid manh sé& giai hip NH; ¢ nhiét do cao hon.

Tam acid yéu giai hap & nhiét d6 <200°C

Tam acid trung binh giai hap ¢ nhiét do tir 200°C dén 400°C

Tam acid manh giai hap & nhiét 46 > 400°C

D6 manh cta acid dugc dinh nghia boi kha ning chuyén hoa mot base
héap thu né trén bé mit nd thanh acid lién hop twong ung.

Néu su chuyén hoéa bao gdm su chuyén proton sang chét bi hip thu thi
khi d6 chat hap thu dic trung cho loai acid duoc goi 1a acid Bronsted.
Nguoc lai, néu bé mit chia sé cac cap electron cua no6 cho chét bi hép thu

thi n6 dac trung cho loai acid Lewis.
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Khi base sir dung 1a NHj, ta c6 thé mo ta hai phan tmg minh hoa cho
hai loai acid da néu nhu sau :
Acid Bronsted: AH" + NH; —— A'NH,"
Acid Lewis :A  + NH; =—— ANH;

A la tdm acid Bronsted hodc acid Lewis.

Thuc nghiém: Pua miu vao may roi nang nhiét do 1én téi 600°C voi
tbc d6 10°C/phdt. Tién hanh hoat hda miu trong 3 gid dudi dong oxi, sau
d6 dudi oxi bang dong khi He, & 110°C trong 1 gid roi ha nhiét d6 xudng
25°C véi toe do ha nhiét 10°C/phat, trong dong He. Tién hanh hap phu NH;
trong 30 phut, sau d6 thoi sach khi NH; du bang khi He trong vong 30
phlt, & 100°C. Tién hanh giai hap NH; bang cach nang dan nhiét d6 véi toc
d6 gia nhiét 10°C/phat cho dén khi hét khi hap phu qua quan sat do thi &
may sac ki. NH; giai hdp duoc dinh luong trén mdy sic ki khi, detector
TCD, khi mang la He.

Thuc nghiém TPD-NH; duoc tién hanh trén may Autochem 2020
(Micrometric), tai phong thi nghiém bd mén Cong nghé Hitu co - Hoa Dau,
Vién Ky thuat Hoéa hoc - Truong Pai hoc Bach Khoa Ha Noi.

2.2.11. Phuwong phap hap phu NH;

Nguyén 1y: Phuong phap ndy st dung dé dinh luong tong s6 tdm acid
ma khong tinh dén luc acid va ban chit cua chat hip phu bang phuong
phap hap phu NHj, két hop phan tich trong lwong. Phuong phap nay thay
thé phuong phap TPD-NH; trong trudng hop céac loai mau do dé bi phan
huy ¢ nhiét do cao (> 400°C).

Phén tir NH; c6 kich thude phéan tir nhé (0,26 nm) cho phép né tiép
can dén phan 16n tAm acid c6 mit trong hé thdng 16 xdp. Cac mau ran dugc
tién xur Iy dudi dong He & cac nhiét d§ khac nhau, sau dé dua vé nhiét do

100°C dé hap phu NH; dén bio hoa. Nhitng phan tir NH; hap phu yéu va tu
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do s& bi loai bai dong He. Két hop phén tich luong NH; da hap phu va luong

NH; bi loai dudi dong He dé xéac dinh tong s6 tim acid trong mau [67].

Thue nghiém: Mau xuc tac duge xac dinh tong sd tdm acid (khong
phan biét tam acid manh, yéu) trén may SETARAM TG-DTA 92 cua Vién

Nghién ctru qué trinh xtic tac va méi truong, Lyon, Cong hoa Phap.
2.3. CAC QUA TRINH PHAN UNG VA TINH CHE SAN PHAM
2.3.1. Qua trinh ester hoa

2.3.1.1. Dung cu thi nghiém

- Binh cau 3 ¢6 100ml - Pau loc v6i dudng kinh 16 0,45um
- Nhiét ké 100°C - Sinh han hoi luu
- Con tur - Ong septum

- May khudy tir gia nhiét - Xi lanh 1ml
2.3.1.2. Thuc nghiém

Cho 0,1g 2-KLGA va 30ml CH;OH vao binh cau 3 co, dung tich
100ml. Tién hanh gia nhiét dén 65°C, khi nhiét do on dinh cho thém xUc tac.
Thoi gian phan tmg dugc tinh tir khi cho xuc tac vao hon hop phan tng.

Pinh ky ldy mau 0,5 ml mau tai cac thoi gian phan tng 0 phut, 5 phut,
15 phat, 30 phat, 60 phat, 120 phat, 180 phuat, 240 phdat, 300 phat, 360
phut, 420 phait va phan tich ham luong san phim mong mudn trong miu
nham xac dinh hiéu suit chuyén hoa ctia phan tng theo thoi gian.

2.3.2. Qua trinh lacton héa

Cho 30 ml dung dich san pham cuia giai doan ester hoa 2-KLGA vao
binh cau 3 ¢b duy tri ¢ nhiét d6 65°C. Thém tir tir dung dich NaOH bao hoa
trong methanol vao hon hop phan tmg dén khi pH dat khoang 8,7. Khuay
hdn hop phan tng trong 2 gid. Sau d6 dimg khudy, lam ngudi hé phan tmg

vé nhiét do phong. Két tinh san pham bang cach 1am lanh tir tir hdn hop sau
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phan tng. Tién hanh c6 chan khong dé loai hét methanol va thu san phim

ran natri ascorbat tho.
2.3.3. Tinh ché vitamin C

Chuan bi dung dich natri ascorbat trong nuéc c¢6 ndng d6 khoang
10%. Can nhya trao d6i ion theo ty 18 khdi lugng nhwa/khdi lugng natri
ascorbat 1 1,7 va nap vao dng thuy tinh. Nho tir tir dung dich natri ascorbat
vao 6ng thily tinh chita nhya trao d6i ion, dung dich ra khéi dng thuy tinh
sau khi d3 acid héa xong duoc khir mau bang than hoat tinh. Sau d6, dung
dich thu dugc ¢ dic bang thiét bj ¢6 quay chan khong & nhiét do khoang
55°C, téc do quay 100 vong/phut. Dung dich thu dugc lam lanh bang nudc
da khoang 45 phit co s dung 0,003g chit tao mam la céc tinh thé acid
ascorbic. Say chan khong trong 10 gid thu duoc san pham 1a céc tinh thé

vitamin C.
2.4. CAC PHUONG PHAP PHAN TIiCH SAN PHAM
2.4.1. Phuwong phap sic ky 16ng hi¢u ning cao (HPLC)

Pay 1a mot k¥ thuat tach trong dé cac chat phan tich di chuyén qua
coOt chira cac hat pha tinh. Tbc dd di chuyén khac nhau lién quan dén hé s
phan bd ciia chiing gitta hai pha tirc 1a lién quan dén ai lyc twong ddi cua
cac chat nay voi pha tinh va pha dong. Thir ty rira giai cac chat ra khoi cot
vi vay phu thudc vao cac yéu to d6. Thanh phan pha dong dua chat phan
tich di chuyén qua cot can dugc diéu chinh dé rira giai cac chat phan tich
v6i thot gian hop 1y [92].

Thue nghiém: Mau san phim cta phan tng ester hda 2-KLGA duoc
phan tich trén may HPLC Model 1200 Agilent tai Phong thi nghi¢ém trong
diém Cong nghé loc hoa dau, Vién Hoa hoc Cong nghiép Viét Nam voi cac

diéu kién sau [93]:

45



- (Cot: Carbohydrate

- Detector: UV, 210nm

- Dung méi: H,SO, 0.004M
~ Téc d6 dong: 1 ml/phut

~ Thé tich bom mau: 5 pl

— Nhiét do cot: 20°C.

2.4.2. Phwong phap phé cong huong tir hat nhan °C (°C-NMR)

Phuong phap do phd cong hudng tir cho phép xac dinh céu tric hoa
hoc cua cac hop chat.

Nguyén 1y: Khi dit mot chit co hat nhan c6 spin 1& (‘H, *C...) vao
trong mot tir truong ngoai (By), cac spin hat nhan s& duogc sap xép lai theo
hai hudng: thuan va nguoc chiu voi tir trudng va dat t6i trang thai can
bang giita hai trang thai nay voi mot ty 16 xac dinh cta hai trang thai. Néu
diung mot birc xa dién tir ¢6 tan sb thich hop chiéu 1én chat do, cac spin s&
héap thu ning luong (cong hudng) va chuyén 1én mirc nang luong cao (sap
xép nguoc chiéu véi tir truong). Khi ngung chiéu xa, cac spin hat nhan sé
giai phong nang luong dé trd vé trang thai can bang. Xac dinh ning luong
ma cac hat nhan cing mot loai nguyén td trong phan tir hap thu (hay giai
phong) s& thu dugc phd cong hudng tir hat nhan cia cac chat do.

Thue nghiém: Ciu tric ciia mau san pham vitamin C dugc phan tich
trén may cong hudng tir hat nhan d6 phan giai cao S00MHz, BRUKER
AVANCE 500, cua Vién hoa hoc - Vién Han 1am khoa hoc va cong nghé
Viét Nam.
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Chuong 3. KET QUA VA THAO LUAN

3.1. XUC TAC CARBON SULFONAT HOA
3.1.1. Pic trung tinh chat héa Iy ciia xiic tac carbon sulfonat héa

Két qua xac dinh thanh phdn mun cua sau khi nhiét phan va sau xtr
Iy trong H,SO, bang phuong phap phan tich nguyén té duoc trinh bay trong
bang 3.1.

Bang 3.1. Thanh phén cic nguyén té trong miu BT-C va BT-C-sulf

| % theo khoi lrgng
- % C %H %S %0
Tén mau

BT-C 87,46 3,01 <0,2 8,27

BT-C-sulf 63,4 2,7 1,7 30,10

Két qua cho thay, mdu mun cua nhiét phan hau nhu khong chtra luu
huynh (v61 gidi han phat hién cia may do dugc lya chon trong truong hop
nay la 0,2%, khong phat hi¢n théy su c6 mat cua luu huynh). Bén canh do,
ham luong oxy trong mau tuong d6i thap, chi dat 8,27%. Trong khi d6 mau
sau khi sulfonat hoa c6 ham lugng luu huynh dat 1,7% va ham lugng oxy
tang 1én dang ké, dat 30,1%. RS rang, dd co su thay doi thanh phan cua
mau sau khi sulfonat héa, dic trung cho sy ¢6 mit ciia S va O trong mau

sulfonat hoa.

Céc két qua dic trung thanh phan bé mit, bang phuong phap SEM-
EDX, ctia mau sau khi sulfonat hoa (hinh 3.1), cho thay su c¢6 mit cta céc
nguyén t6 trén bé mat ctia mau tai mot sé diém do. Phuong phap phan tich
nguyén to 1a k¥ thuat dic trung ham luong trong toan khéi con phuong
phap SEM-EDX 1a k¥ thuat dic trung bé mit theo diém. Két qua do cho

thay ham lugng cac nguyén td trong khdi va tai mot sd diém trén bé mat
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(bang 3.2) kha twong dong, chimg to qua trinh sulfonat hoa dién ra kha
d6ng nhét.

. Spectrum 1
Witk o
C 680 06
O 3089 06
S 11 01

-_|||||||||||||||||||||||||||||||||||||||||
- = . _,.

. Spectrum 2
Wi% o
C 709 06
O 2719 06
5§ 13 01
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= c G o
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Hinh 3.1. Phé EDX cuia xiic tac BT-C-sulf ¢ 2 diém do

Bang 3.2. Thanh phin nguyén t6 trén bé mit va trong miu BT-C-sulf

0 Ao
Yo khoi lwgng % C %H %S %0

Phwong phap do

Phuong phap phén tich nguyén t6 63,4 2,7 1,7 30,10

Phuong phap SEM-EDX (diém 1) 68,0 - 1,1 30,9
Phuong phap SEM-EDX (diém 2) 70,9 = 1,3 27,9

48



Két qua chup SEM (hinh 3.2) cho thdy, bé mat xtc tac BT-C-sulf

dong nhat, min.

- 100nm AIST 12/16/201
X 30,000 15.0kV SEI SEM WD 7.8mm 16:16:0

Hinh 3.2. Anh SEM cia xUc tac BT-C-sulf

Absorbance
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Hinh 3.3. Phé IR ctia miu BT-C va BT-C-sulf

Két qua phan tich phd hdong ngoai (hinh 3.3) ctia mun cwa nhiét phan,
BT-C, va xuc tac acid trén co s& carbon sulfonat hoa, BT-C-sulf, thé hién

mdt dai phd rong & khoang 3411cm™, dic trung cho dao dong cia nhom O-
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H trong nhém chic -COOH va -OH phenolic. Peak c6 cuong d6 thip & vi
tri 1716 cm™, didc trung cho dao dong nhoém C=0 ctia nhém chirc -COOH
va peak hap thu ¢ 1612 cm™, dic trung cho dao dong C=C ciia vong thom
da nhan. Peak c6 cuong do yéu & 1444 cm™ dic trung cho dao dong SOH
ctia nhém phenolic. Peak & 1056 cm™, ddi v6i dao dong d6i xtmg ctia nhom
0=S=0 ciing nhu & 1200 cm™, ddi v6i dao dong bat dbi xtng ciia nhoém
nay, twong tng véi kiéu dich chuyén nhom -SO3H, xuat hién sau qué trinh

sulfonat hoa.

Bang 3.3. Céu tric xop va tinh acid ciia xiic tac carbon sulfonat hoa

MAu Sger (M/Q) Tam acid (mmol H*/g)
BT-C 1,83 0
BT-C-sulf 197 1,44

Két qua phan tich cdu triic x6p bang phuong phap BET (bang 3.3) cho
thﬁy, mau BT-C-sulf ¢c6 dién tich bé mat riéng dat 197 m?/ g, cao hon han so
v6i dién tich bé mit riéng ctia miu BT-C 1a 1,83 mzlg. Mit khac, két qua
dic trung tinh acid cta cac miu (bang 3.4) cho thdy mau sau khi sulfonat
hoa thé hién tinh acid, v6i ham luong tAm acid 1,44 mmol H*/g, hoan toan
khac so v6i miu chua sulfonat hoa, khéng thé hién tinh acid. Cac két qua
nay chimng to qué trinh sulfonat hoa da lam thay di tinh cht acid ciia mau

chat ran BT-C va qua4 trinh sulfonat héa di dién ra hiéu qua.

3.1.2. Hoat tinh cua xtic tac BT-C-sulf trong phan ing ester héa 2-KLGA

Két qua so bo danh gia hoat tinh cta xuc tac BT-C-sulf trong phan
g ester hoa 2-KLGA so véi xtic tic Amberlyst-15 dugc thé hién trén
hinh 3.4. Két qua cho thay hoat tinh xuc tac BT-C-sulf (dat 93,3%) gan
tuong duong hoat tinh xuc tdc Amberlyst-15 (dat 96,0%) trong phan Gng
ester hoa 2-KLGA sau 420 phut.
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Hinh 3.4. Py chuyén héa 2-KLGA trén xiic tic Amberlyst-15 va

BT-C-sulf

(Piéu kién phan ing ester héa: Nhiét d6=65°C; toc do khudy=>500 vong/phiit;
ty 1é mol KLGA/methanol=1/24)

Két qua ndy md ra hudng rat kha quan trong nghién ctru Gmg dung

xtc tac BT-C-sulf dbi v6i cac phan tGng st dung tdm acid néi chung va

phan mg ester hoa 2-KGA néi riéng. Viéc nghién ctru sau hon dé phat trién

xuc tac nay sé& dugc thuc hién trong nhimg cdng trinh tiép theo.

3.2. XUC TAC ZIRCONI SULFAT HOA

3.2.1. Pac trung tinh chét héa ly cua ZrO(OH),
Két qua phan tich nhiét vi sai TGA-DTA cta ZrO(OH),-quing duoc

thé hién trén hinh 3.5.
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Hinh 3.5. Gian d6 TGA/DTA ciia miu ZrO(OH),-quiing

Tir gian d6 nhéan thdy c6 ba su thay doi khéi lugng trong qua trinh
chuyén hoa ZrO(OH),-quing thanh ZrO,, v&i su mat khdi lugng téng cong
12 27,45%. Su mat khéi luong dau tién dién ra trong khoang nhiét do tir
nhiét do thuong dén khoang 120°C twong Gng véi qua trinh mat nudce vat
ly. Su mat khoi luong thir hai dién ra trong khoang tir 200°C dén 340°C c6
thé lién quan dén sy phan huy cac tap chét hitu co c6 mat trong ZrO(OH),-
quing. Sy mat khdi luong thir ba dién ra tir nhiét do trén 340°C, kém theo
peak toa nhiét & 430°C tng voi qua trinh mat nudc cau tric (dé hydroxyl
hoa) va c6 thé kém theo su chuyén pha ciia ZrO, tir dang vo dinh hinh sang

dang tinh thé.

Két qua chyp TEM (hinh 3.6) cho thdy ZrO(OH),-quing c6 kich
thude hat trong khoang tir 40 + 70 nm.
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Hinh 3.6. Anh TEM ciia miu ZrO(OH),-quing

3.2.2. Pic trung tinh chét héa Iy ciia xiic tac zirconi sulfat hoa

Gian dd nhiéu xa tia X ctia miu ZS-quing dugc trinh by trén hinh 3.7.
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Hinh 3.7. Gian d6 XRD ciia xiic tic ZS-quing
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Trén gian dd XRD cua ZS-quing chi thdy xuét hién cac peak dic
trung cho ciu trac tir dién ctia ZrO,, tai cac goc 2 theta xap xi 30°, 35°, 50°
va 60°. Diéu nay chung to sau khi sulfat hoa va nung & nhiét 46 550°C da
hinh thanh cdu trac pha tr dién cua ZrO,. Két qua nay phu hop véi két qua
da cong bd 1a céu trac ZrO, con dugce 6n dinh nhd sy ¢6 mat clia cic ion

SO,* khi nung & nhiét 6 550°C [67].

Pho héng ngoai cua ZS-quang (hinh 3.8) thé hién su c6 mit cla cac

peak dic trung cho nhom sulfat ¢ 1217, 1138, 1084 va 997 cm™.

Absorbance

' I ! 1 ! I ' 1 ! I ! 1 ! 1

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)
Hinh 3.8. Phd hong ngoai ciia xiic tic ZS-quing

Két qua phan tich cdu trac xdp bang phuong phap BET cho thiy, ZS-
quang la vat liéu mao quan trung binh, cé di¢n tich bé mit riéng dat 50,4 mzlg,
cao hon so véi dién tich bé mit riéng cua ZrO, (20 m%/g). Nhu vay, sau qua
trinh sulfat hoa, xtic tac thu dugc ¢ dién tich bé mit riéng ting 1én dang ké.

Quan sat anh SEM ctia mau xuc tac ZS-quing trén hinh 3.9 nhan

théy bé mit mau kha déng nhét, min.
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Hinh 3.9. Anh SEM ciia xtc tac ZS-quing

Két qua dic trung tinh acid bang phuong phap TPD-NH; ca xUc tac
ZS-quang dugc trinh bay trong ¢ hinh 3.10.

TCD Signal (a.u.) vs. Time
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Hinh 3.10. Gian @6 TPD-NH; ciia x(ic tac ZS-quing

Trén gian d6 TPD-NH; cua xuc tdc ZS-quang xuat hién mot peak ¢ng
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vé6i nhiét do giai hap 235,6°C dic trung cho cac tam acid trung binh, mot
peak c6 cuong do cao tng vai nhiét do giai hdp ¢ 589°C dic trung cho céc
tam acid manh. Két qua nay chung t6 xtc tac ZS-quang ¢ chira nhiéu tam
acid manh. Tong s6 tAm acid cua xtc tac ZS-quing 1a 0,1939 mmol H*/g.
Péi voi xuc tac ZS-tinh khiét, cac két qua dic trung tinh chat nhin
chung 13 twong tu cac két qua dic trung tinh chat cta xuc tic ZS-quing
(khong chi ra ¢ day). Diéu nay cho thay, cac chét xdc tac trén co sd zirconi
sulfat hoa, dugc tong hop tir hai ngudn nguyén liéu khac nhau, cé cac két

qua dic trung tinh chét twong ty nhau.

3.2.3. Hoat tinh va d§ bén ciia xic tac SO,*/ZrO,

Nhin chung, trong moi qué trinh xuc tac, c6 mot gia tri ty 1€ xuc
tac/nguyén liéu ma & trén gia tri d6, khéi lugng xtc tac gan nhu khong cé
anh huong dang ké dén d6 chuyén hoa ctia nguyén liéu, con dudi gia tri do,
d6 chuyén hoa sé& ting theo chiéu ting cta gia tri ty 1é xuc tic/nguyén liéu.
Vi vay, cac thuc nghiém xac dinh gia tri thich hop cua ty 1€ tam xtc tac so
v6i khoi luong nguyén lidu s& dugce tién hanh trudce tién, trén d6i tuong xuc

tac SO,*/Zr0O, dugc tong hop tir quing (ZS-quing).

Két qua nghién ciru anh hudng cia ty 18 tam XT/NL, dén do chuyén
hoa 2-KLGA dugc trinh bay trong hinh 3.11.
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Hinh 3.11. Anh huéng ciia ty 1¢ tim XT/NL ciia xtic tac ZS-quing
dén do chuyén hoa 2-KLGA
(Piéu kién phan itng ester héa: Nhiét d6=65°C; toc do khudy=>500 vong/phiit;
ty lé mol KLGA/methanol=1/24)
Két qua cho thay khi ty 16 tim XT/NL bang 0,0970 d6 chuyén hoa tai
180 phut 1a 32,5%, sau 420 phut phan img do chuyén hoa chi dat 78,65%.
Khi tang ty 1& tam XT/NL 1én 0,1939 va 0,3878 thi do chuyén hoa ting lén
dang ké sau 180 phat dat tuong tmg 58% va 77%, sau 420 phut dat tuong
g 13 89% va 99,9%. Tiép tuc tang ty 1& tim XT/NL 1én 0,5817 hiéu suat
phan Gng tai 180 phut dat 77% va phan tmg ciing dat dén trang thai can bang
tai 420 phut (99,9%), nhu truong hop ty 1€ tam XT/NL la 0,3878 (khong
trinh bay trong hinh 3.9 vi gan nhu tring v6i dudng biéu dién d6 chuyén hoa
& ty 18 tim XT/NL=0,3878). Nhu vy, c6 thé xac dinh ty 18 tam XT/NL thich
hop cho phan ung ester hoa 2-KLGA v6i methanol 1a khoang 0,39.
Déi voi xuc tac doi chimg Amberlyst-15, gia tri tim XT/NL thich
hop xé4c dinh duogc 1a 0,59.
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Hinh 3.12. P9 chuyén héa 2-KLGA trén cac xuc tac ZS-quing;
ZS-tinh khiét va Amberlyst-15
(Piéu kién phan ing ester héa: Nhiét d6=65°C; toc do khudy=>500 vong/phiit;
ty I¢ mol KLGA/methanol=1/24)

Két qua nghién ctru phan Gmg ester hoa 2-KLGA trén x(c tac ZS-
quing, ZS-tinh khiét va x(c téc ddi chimg Amberlyst-15, & ty 1& tAm
XT/NL thich hop, duoc trinh bay trén hinh 3.12. C6 thé nhan thay, ca hai
XUc tac ZS-quing, ZS-tinh khiét déu thé hién hoat tinh xuc tac cao va twong
duong hoat tinh xuc tac ddi chimg Amberlyst-15 trong phan tng ester hoa
2-KLGA v61 methanol.

Cac két qua nghién ctru trén day cho thay, xac tac ZS-quing, diéu
ché tir tinh quang zircon Vié¢t Nam, c6 tinh chét tuong tu xuc tac ZS-tinh
khiét, diéu ché tir héa chat ZrOCl, tinh khiét. Diéu ndy mo ra kha niang tng
dung cua xuc tac zirconi sulfat hoa, diéu ché tr tinh quang zircon Viét

Nam, mot nguoén khoang san san cé ¢ nudc ta.
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Hinh 3.13. P9 chuyén héa 2-KLGA trong 5 chu Ky tai sir dung xtc tac
ZS-quang
(Piéu kién phan iing ester héa: Nhiét do=65°C; toc do khudy=500 vong/phiit;
1y 1¢ mol KLGA/methanol=1/24; t Ié tam XT/NL=0,39)

Két qua nghién ctru do bén hoat tinh ciia xtc tac ZS-quing cho thiy
hoat tinh xuc tac ZS-quing sau 420 phat 1an 1 dat 99,9%, 1an 2 dat 97.,2%,
lan 3 dat 96%, 1an 4 dat 95,1% va lan 5 giam xuéng 94,3%. Nhu vay sau 5
chu ky phan tng hoat tinh xuc tac ZS-quang cho phan tng ester hoa 2-
KLGA giam khoang 5,6%.

Quan sat trén pho hong ngoai (hinh 3.14) ciia xtc tic ZS-quing trudc
va sau 5 lan tai st dung cho thay cuong do cta cac peak tai 1218, 1138, 1084
va 997 cm™, dac trung cho nhom -S0,%, ¢6 thay ddi, ching té co su mat
nhém -SO, trén x{c tac ZS-quing sau phan tmg so voi ZS-quing trudc phan
tng. Diéu nay din dén sy giam tinh acid cua xtic tac ZS-quing trong phan ing

ester hoa 2-KLGA sau céc lan tai str dung, kéo theo sur giam hoat tinh xuc tac.
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Hinh 3.14. Phé hdong ngoai IR ciia XUc tac ZS-quing truée va sau 5 lan

tai sir dung: (a) trweée phan wing; (b) sau 5 lan tai sir dung

Nhu vay, xtc tac zirconi sulfat hoa, duoc tong hop tir tinh quing
zircon Viét Nam hay tir hoa chat tinh khiét déu co hoat tinh cao cho phan
ung ester hoa 2-KLGA v61 methanol, tuong duong vai xtic tac Amberlyst-
15 thuwong mai. Tuy nhién han ché ctia xtc nay 1a nhanh mat hoat tinh,
chinh vi vy, dé hudng t6i Gmg dung trong thuc tién, vé lau dai, can nghién

clru cai thién tinh bén hoat tinh ctia xuc tac.
3.3. XUC TAC DI PA ACID TREN CO SO HPA
3.3.1. Tong hop va dic trung tinh chat ciia xic tac

Trong ndi dung ndy, trudc tién cac mudi kali cua acid 12-
phosphotungstic (KPW) da dugc lua chon lam d6i tuong nghién ctu boi vi
cac nghién ctru tham do cua chung t6i cho thy xtic tic KPW ¢6 hoat tinh cao
trong phan ung ester hda 2-KLGA so voi cac mudi khac cua acid 12-

phosphotungstic.
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3.3.1.1. Anh hwéng ciia nhiét dp phan ieng trao déi ion
Két qua nghién ctru anh hudng cia nhiét ¢ phan tmg trao doi ion dén
hoat tinh xuc tac, & ty 16 ion H* trong HPA trao d6i v6i ion K* theo 1y

thuyét duoc lya chon 1a 2:3, duogc trinh bay trong hinh 3.15.
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Hinh 3.15. Anh hwéng ciia nhiét o trao doi ion dén hoat tinh xiic tac
(Piéu kién tong hop xiic tac: Ty 1é trao doi ion Iy thuyét 2:3, toc do khudy 600
vong/phiit, toc dé nhé giot 0,6 ml/phiit).

Két qua cho thay, khi ting nhiét d6 cta phan ung trao doi ion, hoat
tinh xtc tac trong phan tmg ester hoa 2-KLGA tang 1én. O nhiét do trao d6i
ion 50°C, xuc tac c6 hoat tinh cao nhit. Diéu nay cho théy, 0 nhiét do trao
d6i ion thap, ning lugng cung cdp cho phan tmg trao dbi ion chua du nén
qua trinh trao d6i ion dién ra chua triét dé. Tuy vay, rat kho khao sat & nhiét
d cao hon 50°C vi tir nhiét do do, nudce bit dau boc hoi, KCI bi két tinh
mot phﬁn va rat kho thue hién phan Umg trao ddi ion.

Nhu vy, nhiét d6 thich hop nhét cho phan tng trao ddi ion trong qué
trinh tong hop xuc tac KPW 13 50°C.
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3.3.1.2. Anh hwéng cia toc dé nhé giot

Két qua khao sat anh hudng cia téc do nho giot dung dich HPW,,04

trong qua trinh trao ddi ion dén hoat tinh xtc tac, duge thé hién trén hinh 3.16.
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Hinh 3.16. Anh hwéng ciia toc @9 nhé giot dung dich HsPW,,0,, dén
hoat tinh xuc tac
(Piéu kién tong hop xic tac: Nhiét do phdan vmg= 50°C, 1 1é trao doi ion 2H"
bang 2K", téc do khudy= 600 vong/phat).

Két qua trén hinh 3.16 cho théy, voi toe d6 nho giot dung dich
H3PW 1,040 tir 0,4 ml/phut dén 0,6 ml/pht, cadc xuc tac thu duoc cho do
chuyén hoa 2-KLGA tuong duong nhau, lan luot 14 97,7% va 98,2%. Tuy
nhién, khi toc d6 nho giot ting dén 0,8 ml/phit va 1,0 ml/ phat, do chuyén
hoa 2-KLGA giam di dang ké tir 94,5% xudng 91,8%. Piéu nay cé thé
duogc giai thich 1a do téc dd nho giot nhanh da lam ting cuc bo ndng do cla
H3PW,,0, trong dung dich KCl bao hoa, din dén lam han ché kha ning
trao d6i ion. Hé qua 13, qua trinh trao d6i ion dién ra chua hoan toan va xtic

tac chua dat duoc thanh phﬁn nhu mong mudbn. Nhu vay, co thé théy tde do
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nho giot dung dich HPW1,040 clia qué trinh trao ddi ion trong phan tng

tong hop xtc tac KPW, dat gi tri 0,6 ml/phut 13 thich hop nhat.

3.3.1.3. Thay doi ty 1¢ ion dwoc trao déi

Bang 3.4 trinh bay ty 1¢ ion K/P, tinh theo khdi lugng ion K* trao ddi

theo 1y thuyét va khéi luong P twong tng trong xtc tac, va cong thirc thuc

nghiém ctiia mau xtc tdc duogc tinh todn tir cac gia tri ham luong K va W do

dugc bang phuong phap AAS.
Bang 3.4. Két qua phan tich nguyén to ctia xuc tac K, H;5.,PW 1,04
Ham Ham Ty 1€
Tylé | lwong K | lwong W | Cong thirc thue | K/P KY¥ hidu
K/P ly (theo (theo nghiém suy ra thuc xgc tac
thuyet | AAS), % | AAS), % tir két qua do | nghiém
kl Kkl
1,0 2,71 69,36 K221Ho70PW12040 | 2,21 | Ky21Ho 79
1,5 2,72 69,05 K2.23Ho77PW12040 | 2,23 | Ky 23Ho 77
2,0 2,74 68,89 K225Ho75PW12040 | 2,25 | Ky 25H0 75
2,3 2,76 68,05 K220Ho71PW12040 | 2,29 | Ky 20Ho 71
2,5 2,86 65,95 K245H055PW12040 | 2,45 | Ky 45H0 55

Céc két qua trong bang cho thay, cho du ty 18 ion K/P theo 1y thuyét
thay doi thé nao (tir 1,0 dén 2.5) thi ty 16 K/P suy ra tir cong thuc thuc
nghiém ciling chi nam trong khoang tir 2,2 dén 2,5. Xu huéng nay rat phu
hop véi két qua da duoc cong bo boi Pierre-Yves Gayraud [67], tac gia cho
rang bang phuong phap diéu ché nhu trinh bay trong phan thuc nghiém,
chat ran thu dugc c6 ty 1é ion dugc trao d6i khong gidng nhu ty 1é trao doi
theo tinh toan 1y thuyét (ty 16 H' trao doi véi K* theo 1y thuyét). Cho du ty
1¢ ion trao doi theo 1y thuyét 1a bao nhiéu thi ham luong proton trong mdi
don vi Keggin van khong vuot qua mot don vi. Cu thé, ty 1¢ K/P 1y thuyét
tang tir 1,0 dén 2,5, ty 16 K/P thuc té chi thay ddi tir 2,21 dén 2,45. Thyc

63




nghiém cho thay, néu str dung phuong phép diéu ché bang cach siy truc tiép
mau sau két tia ma khong qua cong doan tach dich chira ion trao ddi va ria
thi ty 16 K/P 1y thuyét va K/P thuc nghiém s& hoan toan trung nhau. Tuy
nhién, truong hop d6 khong phan anh dang ban chit cia mau xtc tac vi trong
mAu con chira nhiéu Kali tu do con du sau phan tmg két tua.

Puong hip phu ding nhiét ctia mau xuc tac K 25Ho 75 trén hinh 3.17 ¢o
hinh dang duoc xép vao loai duong d:fmg nhi¢t dang 1V, déng thoi xuat hién

duong tré. Diéu ndy cho thy xuc tac thudc loai vat liéu mao quan trung binh.

Isotherm Linear Plot
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Hinh 3.17. Puong hap phu diang nhiét N,-BET ciia xtic tac Kj 5Hg 75

Anh SEM cua cac xtc tac (hinh 3.18) cho thay, cac tiéu phan xuc tac

c6 dang hinh cau, khong déng déu trong ciing mot mau. Tuy nhién ciu trac

hat ctia cic mau 1a twong d6i giong nhau.

64



K2 21Ho.79 v KoasHop 75

(M. 14A0) 1430/2015

Hinh 3.18. Anh SEM cac miu XUc tac Kj,1Ho7e, Ko 25Ho 75 VA KjasHo 55

Pé xac dinh tinh bén nhiét cta xtc tac, mot trong s6 cac mau xuc tac
d3 duoc lua chon (méu xtc tic Ky ,sHo 75) dé dic trung tinh chat nhiét bang
phuong phap TGA/DTA.
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Hinh 3.19. Gian dé phan tich nhiét ciia xiic tac K, sHo 75

Két qua (hinh 3.19) cho thiy c6 sy mat khéi luong xuc tac trong
khoang tir 40°C dén 150°C. Peak thu nhiét kém theo sy mat khéi luong &
nhiét d6 dudi 70°C 13 do sy mat nudc trén bé mit xic tac. Theo d6, qua

trinh xUr 1y nhiét dé loai nude hép phu vat Iy khoi cac xuc tac duogc tién
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hanh trong khoang 70°C - 150°C s& khong 1am thay doi thanh phan va céu

truc cua xuc tac. Tuy nhién, diéu dang chu y ¢ day 1a c6 sy mat khoi lugng

clia x0c tac bat dau tir nhiét do khoang 440°C. Diéu nay cho théy, da co su

phan hity mudi KPW & nhiét d6 nay. Két qua nay rat dang luu ¥ va goi y

rang phuong phap TPD-NH; dé xac dinh néng d6 tam acid c6 thé s& khong

phu hop véi ho xuc tic HPA. That vy, xem xét chi tiét két qua TPD-NH;
(hinh 3.21 va bang 3.5) nhan thay, nhiét d6 qua trinh nha hap phu NH; (tur
khoang 579°C - 591°C) cao hon nhiéu so v6i nhiét do bit dau phan huy cia
mudi HPA, KPW (440°C). Piéu d6 ching to, & nhiét do nay, mdt phan
HPA va mudi KPW da bi phan hay. Vi vay, s6 liéu do duoc co thé da

khong phan anh dang ban chat acid ciia mau.

Bang 3.5. Dir liéu TPD-NHj; cuaa xuc tac HPA va K; sHg 75

Lugng NH, Néng
Xdc tac Nhiét 39 °C)|  hap phu (mm OIgH+-/ )
(ml NH,/g) g
Peak 1 175,9 1,0367 0,0525
HPA Peak 2 591,4 3,1022 0,1570
Tong 4,1389 0,2095
Peak 1 159 0,1808 0,0092
Peak 2 297,9 0,0826 0,0042
K2,25HO,75
Peak 3 578,7 0,6447 0,0326
Tong 0,9081 0,0460

Tir nhan dinh ndy, viéc xac dinh ndng d6 tdm acid (khong phan biét

tam acid manh, yéu) béng phuong phap hép phu NH3da dugc thuc hién.
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TCD Signal (a.u.) vs. Time
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Hinh 3.21. Gian d6 TPD-NHj; ctia xtic tac Kja5Hg 75

Céc két qua trinh bay trong bang 3.6 cho thay nong d6 tam acid trong

cac mau Ky 21Ho79; K223Ho 77 Ka25Ho 755 K220Ho 71 va Kz 45Ho 75 1an luot 1a
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2,6; 2,6; 2,6; 1,8 va 1,4. Cac gia tri nay phu hop véi cac két qua da dugc
cong bd bai Pierre-Yves Gayraud [67]. Qua nghién ctru nay, c6 thé nhan
thdy, viéc lya chon phuong phap phu hop véi timg loai xuc tac dé danh gia

tinh acid cta chung 1a rat quan trong.

Bang 3.6. Anh huéng ciia ty 1¢ ion dwoc trao doi dén cau tric xop va
mat dé tam H”
( Diéu kién tong hop xiic tac: Nhiét d phan iing: 50°C; téc do khudy: 600
vong/phit; toc do nhé giot: 0,2 ml/phiit)

Sor | thugnngnien | Matdo
Xuc tac | Ty 1é¢ H/P BET RPN -S tam H
(m*/g) 0.100°C (10°mmol/m?)
(10 mmol/qg)
Kz 21Ho 79 0,79 61,12 158,85 2,6
K2 23Ho 77 0,77 75,57 196,48 2,6
K225H0 75 0,75 104,57 271,88 2,6
KosHom | 071 | 116,07 208,93 18
K2 .45Ho 55 0,55 123,88 173,43 1,4

Két qua nghién ciru anh hudng cia ty 1 ion dugc trao doi trong xtic
tac Ky HsPW1,040, dén ciu tric Xép va mat dd cua tim H' cua xuc tac
dugc trinh bay trong bang 3.6. Mic du ty 18 K/P, hay noéi truc tiép hon 1a
ham luong proton (ty 16 H/P trong mot don vi Keggin) trong cac mau diéu
ché duoc thay doi khong nhiéu nhung dién tich bé mit riéng ciia cac mau
lai thay d6i dang ké. Piéu nay dan dén su thay doi mat do proton bé mat,
dugc tinh toan tir ty 1€ gitta lwong tim H' trong mdt gam xuc tac va dién

tich bé mat riéng cua xuc tac.

Két qua cho thiy, cac miu xuc tac tong hop dugc déu c6 dién tich bé
mdt riéng dugc cai thién dang ké so véi HPA (Sger=11,55 m?/g). RS rang, su
thay thé ion H" bang ion K*, c6 ban kinh nguyén tir 16n hon khong nhiing da
lam di thé hoa dugc xtc tic ma con lam cho cdu tric Keggin ciia HPA dugc

ndi rong ra, xuc tac trd nén x6p hon, dan dén lam tang di¢n tich bé mat riéng.
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Céc két qua trong bang ciing cho thay dién tich bé mdt riéng ctia xtic tac co xu
huéng tang 1én khi tang ty 1& ion H' (trong HPA) dugc trao doi bang ion K*.
Cu thé, xuc tac K2 21Ho 79 c6 dién tich bé mat riéng 1a 61,12 mz/g, trong khi

xuc tac K 45Hp 55 €6 dién tich bé mat riéng tang 1€n t61 123,88 mZ/g.

Mot diéu déng cht y 1a khi ty 16 ion trao d6i thay doi trong khoang tir
2,21 dén 2,25 (twong tng voi ty 18 H/P 13 0,79 dén 0,75), mat d6 tam acid
khong bi anh hudng boi ty 1é ion trao d6i va dat gia tri 2,6.10° mmol/m®,
Trong khi d6, & ty 1& ion trao ddi ting 1én, trong khoang 2,25 dén 2.45
(twong ung véi ty 18 H/P 1a 0,75 dén 0,55) mat do tam acid bi anh huong
kha manh béi ty 1é ion trao ddi va giam tir 2,6.10”° mmol/m? xudng 1,8.107
mmol/m? va 1,4.10° mmol/m?, tuong Umg véi cac ty 18 ion trao d6i 1a 2,25;
2,29 va 2.45 (twong Gng véi ty 16 H/P 14 0,75; 0,71 va 0,55). Néu gia thiét
réng cac xuc tac KyHz xPW;,049 duogc tao thanh tir viéc phan tan cua acid
HPA trén mudi trung tinh KsPWy,040 [95], [96], c6 thé hiéu rang cac chat
xuc tac co ty 1€ trao doi 1a 2,21; 2,23 va 2,25 c6 nhiéu 16p acid HPA phu
trén mudi trung tinh K3PW;,040 nén mat d¢ tam acid 1a nhu nhau. Khi tiép
tuc tang ty 1¢ trao doi 1én 2,29 va 2,45, mat d6 tdm acid giam do chi c6 don
16p HPA trén mubi trung tinh K3PW;,0, trong khi dién tich bé mat riéng
lai tang tir 116,07 dén 123,88 m*/g.

Két qua danh gia hoat tinh ctia cac xuc tac di thé K2 21Ho .79, K2.23H0o 77,
K225Ho75, Kz20Ho 71, K2 45Ho 55 so v xtc tac déng thé HPA, trong phan
ng ester hoa 2-KLGA véi methanol, ¢ cung diéu kién, duoc trinh bay
trong hinh 3.22.
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Hinh 3.22. D) chuyén héa 2-KLGA trén xiic tic KPW va HPA
(Piéu kién phan iing ester héa: Nhiét d6=65°C; toc do khudy=>500 vong/phiit;
ty Ié mol KLGA/methanol=1/24; ty I¢ tam XT/NL=0,0408)

Két qua cho thay, cac xuc tac di thé duoc khao sat déu c6 hoat tinh it
nhiéu thap hon so véi hoat tinh ciia xtc tac dong thé HPA va duoc sip xép
theo thir tu tdng dan cua hoat tinh nhu sau Ko .45Ho 55 < K 20Ho 71 < Ko 23Ho 77
< Kz21Ho79 < Kz25Ho 75. Nhom 3 xtic tac Ko 23Ho 77, Ka21Ho 79 va Ko 25Ho 75
cho hiéu suit tao ester xdp xi nhau, dat gia tri 96,7%, 97,5% va 98,0% sau
420 phut, khong thap hon nhiéu so véi hiu suit tao ester trén xuc tac dong
thé HPA tai cung thoi diém.

Nhu vy, viéc trao doi ion H' véi ion K* khong nhitng da di thé héa
duoc xuc tac HPA déng thé ma con dam bao cho xuc tac K2.25H0,75 c0 hoat
tinh khong thua kém nhiéu so v4i hoat tinh cta xuc tac dong thé. Hoat tinh

khéc nhau gitra cac xtc tac dugc giai thich 1a do mat do tdm acid khac nhau
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gifra cac xuc tac (bang 3.6). Xtc tac K;»5Hg 75 ¢o hoat tinh cao nhét, tuong
g v6i mat d6 tdm acid cao nhit trong nhom xc tac tong hop dugc.
3.3.1.4. Anh hwéng ciia ban chét ion trao doi

Céc két qua cong bd trong tai liéu tham khao cho thay, cation trao ddi
c6 thé anh huong dén ciu tric xdp cua xtc tac ciing nhu tinh acid cia xtc
tac. Chéng han, cac xuc tdc dugc tao thanh tr qua trinh trao ddi HPA véi
cation Cs* ¢6 ciu triic xop hon, véi ty 16 mao quan trung binh so v6i mao
quan nhé cao hon cac xuc tac trén co s¢ cc cation trao doi khac [94]. Vi
vay, trong ndi dung nay, su anh hudng cua ban chét cation trao doi s& dugc
nghién ctru. Céc cation trao d6i dugc lya chon la Rb*, Cs*. Phuong phap
téng hop cac xuc tac nay twong tu phuwong phap tong hop xtic tac Kj 25Ho 7s.

Két qua phan tich thanh phan nguyén té clia cic mau xdc tac trén co
sO cation trao doi 1a Rb*, Cs* so véi cation trao d6i K*, bang phuong phap

AAS dugc trinh bay trong bang 3.7.

Bang 3.7. Két qua phan tich nguyén to ciia xic tac M,Hs. ,PW1,0,
(trong do M 1a K, Rb, Cs)

Ham lugng cac

C(“?ng ,thl'rc mﬁ}l nguyén té theo (,Iﬁnig thirc mau Ky hi¢u
xuc tac tl}eo ly AAS (% kI) xuc tac theo thuc e t z’;c
thuyét M W nghiém

KZH I:)\N12()40 2174 68589 K2,25H0,75PW12O40 K2,25H0,75

RbZHPW12()4O 5.56 64’05 RbZ,24H0,76PW12()40 Rb2,24H0,76

Cs;HPW 1,049 8,61 63,25 Cs2,26H0,77PW 12049 | Csy26H0 .77

Két qua cho théy lugng ion kim loai hoéa tri I trao ddi voi ion HY
tI'Ol’lg HPA dé)l vO1 cac 1'1’1511 xuc tac K2725H0775 ) Rb27274H0176 va C32125H0174 la

gan tuong ty nhau, 1an luot 14 2,24; 2,25 va 2,26, twong mg v4i Rb, K, Cs.
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Gian d6 nhidu xa tia X cua céac xuc tac duogc trinh bay trén hinh 3.23
cho nhitng peak sic nhon, twong doéng véi gian d6 nhidu xa cua HPA. Cac
peak chinh twong tmg véi cac mit phan xa manh nhét, dic trung cho céu
trdc Keggin. Diéu nay ching to6 cac mudi K, Rb, Cs ciia HPA van giit dugc
cdu trac Keggin ciia HPA hay noi khac di, qué trinh trao d6i ion H cta
HPA vdi cac ion K*, Rb*, Cs* da khong lam pha vo cAu truc tinh thé cua
HPA. Tuy nhién, c6 su dich chuyén nhe cta cac peak tai goc nhidu xa 20 =
10,8% 22° 27° 31° va 36,5° so voi cac peak cia HPA. Két qua nay duoc
giai thich 1a do sy trao doi ion H trong phan tir HPA bang céac ion K, Rb",
Cs" ¢6 ban kinh nguyén tir 1on hon da it nhiéu 1am thay d6i khoang cach
giita cac mat mang. Piéu d6 ching t6 cac ion K*, Rb*, Cs" da dugc dua vao

mang tinh thé thay thé mot phan ion H'.

II“,I @

Intensity (a.u)

0 20 40 60 80
26 degree

Hinh 3.23. Pho XRD ciia cic miu xiic tac: (a) HPA; (b) K 25Ho 75; (C)
RD2,24Ho76 va (d) Csz,26Ho74
Két qua nay con duoc ciing cb bang két qua do phd hong ngoai (hinh
3.24) cla xtc tac KjasHo7s, RDa24Ho76 va xtc tic CSpoeHo74. Trén phd

hong ngoai cua ca 3 xtc tac déu xuat hién cac peak ddc trung cia cau truc
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Keggin phtl hop véi cdu triic duge mo ta trong [97], [98] va tring vdi peak
ciia HPA. Cu thé, dao dong dic trung cua cic nhom nguyén tir trong cau
trac Keggin (hinh 3.25) ndm trong khoang tir 1100-600 cm™, tmg véi céc
lién két P-O, (1080,7cm™), W-Oy4 (986 cm™), W-O,-W (891,3 cm™) va W-
O.-W (808 cm™). Piéu nay mét 1an nita cho thiy qua trinh di thé héa xuc

tac trén co s& HPA van giit dugc cau tric Keggin ctia HPA.

|
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< w
_A (c) 'J'
. (d) |
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Wavenumbers (cm™)
Hinh 3.24. Phé IR ciia cac miu xiic tac: (a) HPA; (b) Kz 25Hqg7s; (C)
RD;24Ho,76 va (d) Cs26H0 74

Hinh 3.25. Mé hinh céu tric Keggin
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Két qua nghién ciru anh huong cia ban chat ion trao d6i dén tinh
chat xdp cua xtc tac duge trinh bay trong bang 3.8. Két qua cho thay dién
tich bé mat riéng cta Ky osHo 75, RD24Ho76 va CSp06H0 74, duroc diéu ché tir
cac cation trao ddi khac nhau, 13 khac nhau. Tuy nhién, thé tich 16 xbp cta
Xuc tac Rby4Hg 76 Va Cs; 26Ho 74 1a trong dwong nhau, twong ung 1a 0,10 va
0,11 cm®/g, trong khi thé tich 15 xbp cta xtc tac Kjz5Ho75 nhd hon (0,06
cm®/g) va dién tich bé mit riéng cua cac 16 xdp dang mesopore cta xc tac
K 25Ho 75 it hon rat nhidu so véi 2 xuc tac Rby2sHo 76 VA CS; 26Ho 74 hay noi
khac di, dién tich bé mat riéng ctia cac 16 xbp dang micropore ctia xuc tac
K2.25Ho 75 lai cao hon so v6i1 hai xuc tac con lai. biéu nay cling phén nao
cho thay su khac nhau giira tinh chat xop ctia xuc tac Kj25Hg 75 so vai 2 xtic

tac Rbgy24H0|76 va C52‘26H0‘74.

Bang 3.8. Dién tich bé mit riéng ciia xic tic ¢ ion trao doi khac nhau

MAu XT SeeT Vi Smeso o onres

(m’fg) | (cm¥g) | (m7g) | (m¥g) (nm)
KoosHozs | 104,56 0,06 17,08 77,76 2,30
Rb4Ho7s | 118,86 0,10 30,18 60,81 3,37
CsozsHozs | 112,08 0,11 28,95 67,14 3,03

Quan sat trén anh SEM (hinh 3.26) ciia ba xtic tac cho thiy ca ba xtc
tac déu c6 cac tiéu phan dang hinh cau, trong dé, kich thudc cac tiéu phan
cua xuc tac K »5Hg 75 it nhiéu 16n hon kich thude céc tiéu phan cua hai xuc
tac con lai. Ngoai ra, xuét hién hién tuong két tu cua cac tiéu phan cua hai

xUc tac Rb2’24H0’76 va C32726H0774.
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Hinh 3.26. Allh SEM cua xuc tac K2,25H0,75 (a.), Rb2124H0176 (b) va
Cs2,26H0,74 (C)

Qua trinh ester hoa 2-KLGA v6éi methanol trén céc xuc tac K 2sHg 75;
Rb;24Ho 76 va Csz26Ho 74 (hinh 3.27) cho théy, trong khoang 30 phut phan
ung dau tién, xuc tac Csz.26Ho74 c6 hoat tinh cao hon hoat tinh xtc tac
K,25Ho 75 Va xuc tac Rb,4Hg 76. Trong khoang thoi gian tir 30 phut tro di,
hoat tinh xuc tac Cs;6Hp74 ludn luén cao hon han so véi xGc tac
Rb;24Ho 76. Ngoai ra, diéu dang cht y 1a xuc tac K, »5Hg 75 cling c6 hoat tinh
cao hon hoat tinh xtc tac Rby4Ho 76. Su thay doi hoat tinh khong theo trat
tu thay d6i ban kinh nguyén tir cta ion trao doi 1a rat kho giai thich nhung
phu hop véi cac két qua cong bd. Cu thé, trong cac tai liéu tham khao hau
nhu khong thiy céac tac gia dé cap dén xtc tic RbPW ma chi c6 xuc tac

KPW va CsPW duogc dé cap dén [40], [99-101].

Xem xét ki két qua trén hinh 3.27, nhan thdy & cac thoi diém ban dau

ctia phan tng, do chuyén hoa trén xic Ky ,sHg 75 thap hon nhiéu d6 chuyén
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hoéa trén xuc tac Cs; 26Ho 74 & cung thoi diém. Chéng han, ta1 cac tho1 diém 60
phut, 120 phut va 180 phit, do chuyén héa trén xtic tic CspsHo 74 1an luot 13
60,0%, 73,1%, 85,0% trong khi cac gia tr1 nay ddi voi xuc tac K2 25Hp 75 chi
1a 31,0%, 52,.2%, 70,0%. Diéu nay c6 thé dwoc giai thich 1a do xtc tac
Csz.26H0,74 c6 kich thudc mao quan rong hon so vdi xtc tdc K 5Hg 75 s€ vu
tién sy khuyéch tan ctia cac chit phan tmg trong mao quan, dan dén lam ting

kha nang tiép xtc giira chat phan ng va cac tam hoat tinh.
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Hinh 3.27. P9 chuyén héa 2-KLGA trén xiic tac K »5Hq 75 ; Rb2.24Ho 76
va Cs;26Ho,74
( Diéu kién phdn vmg ester héa: Nhiét d6=65°C; toc do khudy=500 vong/phiit;
ty ¢ mol KLGA/methanol=1/24)
Vi xuc tac Ky x5Hg 75 dugc téng hop tur ngué)n nguyén liéu KCl1 san co,
gi4 thanh thap hon so v&i ngudn nguyén liéu mudi Cs dé tong hop xiic tac

Cs;,.26H074 NéN XUc tac Ky 25Hog 75 dugc lwa chon cho cac nghién ciru tiép theo.
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3.3.2. Nghién ctru phan @ng ester hoa 2-KLGA v6i methanol trén xtic

tac Kz 25Ho 75
3.3.2.1. Anh huwéng ty I¢ tam XT/NL

Trong cac thuc nghi¢ém nay, anh huong cua ty 1€ duong luong gam
H* (tam acid) so v6i khdi lwong nguyén liéu 2-KLGA, dén do chuyén hoa

cua 2-KLGA sé& dugc khao sat. Cac két qua nghién ctru duoc trinh bay
trong hinh 3.28.
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Hinh 3.28. Anh hwéng ciia ty 1¢ tim xic tic/nguyén liéu dén
do chuyén héa 2-KLGA
( Piéu kién phdn vmg ester héa: Nhiét 36=65°C; toc do khudy=>500 vong/phiit;
1y 16 mol KLGA/methanol=1/24)

Tt hinh 3.28 ta thay khi ty 1& tim XT/NL bang 0,0136, sau 420 phut
phan tng, d6 chuyén hoa chi dat 56,7%. Khi ting ty 1& tam XT/NL lén
0,0272 va 0,0408, do chuyén hoa ting 1én dang ké, twong ung 1a 93,5% va
98%. Tiép tuc ting ty 16 tam XT/NL 1én 0,0544, do chuyén hoéa hau nhu

khong ting va dat gia tri tuong dwong véi do chuyén hoa & ty 1& tam
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XT/NL 1a 0,0408, tai 420 phat. Nhu vay, gia tri ty 1¢ tdm XT/NL thich hop
cho phan ting ester hoa 2-KLGA v&i methanol 1a 0,0408.

3.3.2.2. Anh hwéng ciia ty 1é 2-KLGA/methanol

Trong loat thuc nghiém nay, cac phan ung ester hoa 2-KLGA véi
methanol dugce tién hanh & 65°C trén xuc tac K2 25H0 75, V&1 cac ty 1¢ mol 2-
KLGA/mol methanol 1an luot 1a 1/24, 1/48, 1/96, 1/192, 1/384, 1/720,
1/1440. Két qua thu dugc (hinh 3.29) cho thiy luong san pham ctia phan
mg sinh ra & moi thoi diém, & cac ty 1& chit phan tng khac nhau 1a twong
duong nhau. Piéu d6 chi ra rang ty 1¢ mol cia 2-KLGA/methanol khéng
anh huong dén do chuyén hoa cta phan tmg ester hoa 2-KLGA .
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Hinh 3.29. Anh hwéng ciia ty 1¢ mol 2-KLGA /methanol dén dé
chuyén héa 2-KLGA
(Piéu kién phan iing ester héa: Nhiét 36=65°C; toc do khudy=>500 vong/phiit;
1y 16 tam XT/NL=0,0408)
Vi vay, ty 1é¢ mol 2-KLGA/methanol 1a 1/24 (mol/mol) 1a sy Iya chon

thich hop. Can giai thich ring, viéc giam luong du methanol xubng (tuc 13

78



gid tri ty 1€ mol 2-KLGA/mol methanol tang 1€n) gay kho khan cho viéc
hoa tan cua 2-KLGA trong methanol. Nguoc lai, viéc cho du qua nhiéu
methanol gdy ldng phi ning lugng dé gia nhiét hdn hop phan tGng va thu
hdi methanol du (& qui mé nhan rong sau nay).
3.3.2.3. Anh hwéng nhiét dé phén g

Két qua khdo sat sy anh huong cia nhiét do dén do chuyén hoa cua
phan tng ester hoa 2-KLGA trén xuc tac K sHo 75, ¢ ty 1€ tam XT/NL la

0,0408, toc d6 khudy 500 vong/phut, ty 1& mol 2-KLGA/methanol 1a 1/24
(mol/mol) duoc thé hién trén hinh 3.30.
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Hinh 3.30. Anh huéng ciia nhiét dd dén dd chuyén héa 2-KLGA
( Diéu kién phan g ester héa: Toc do khudy=>500 vong/phiit; 1y 1é mol
KLGA/methanol=1/24; ty I¢ tdm XT/NL=0,0408)

Két qua khao sat cho thiy ¢ nhiét do 45°C, do chuyén hoa cua 2-
KLGA thép, dat gia tri 28,8% sau 420 phut. Tai nhiét do 55°C, do chuyén
hoa cua 2-KLGA, sau 420 phut phan ung, dat gia tri 75,1%. O nhiét do
65°C, do chuyén hoa 2-KLGA, & cung thoi gian phan ting 420 phut, dat gia
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tri 98%. Nhu ching ta d3 biét, trong phan tng ester hoa, nhiét do khong
lam thay ddi can bang ctia phan tng. Tuy nhién, phan ung s& nhanh dat
trang thai can bang khi tién hanh & mot nhiét do thich hop. Tur két qua khao
sat trén, nhi¢t do thich hop cho phan ing ester hoa 2-KLGA duoc lya chon 1a
65°C (nhiét do hoi luu ctia hdn hop phan tng).

3.3.2.4. Anh hwong téc dp khudy

Anh huong cia toc do khudy téi d6 chuyén héa ctia 2-KLGA duoc trinh
bay trén hinh 3.31.
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Hinh 3.31. Anh huéng ciia toc d§ khudy dén d chuyén héa 2-KLGA
(Piéu kién phan irng ester héa: Nhiét d6=65°C; ty 1é mol
KLGA/methanol=1/24; ty I¢ tam XT/NL=0,0408)

Céc do thi duoc biéu dién trén hinh 3.31 cho thay d6 chuyén héa cta
2-KLGA tang nhe khi ting toc d6 khudy. O tdc d6 khudy 300 vong/phut, do
chuyén hoa ctia 2-KLGA dat 90,5% sau 420 phiit. Thay d6i téc do khuay 1én
500 vong/phit, dd chuyén hoa san pham dat 98% sau cung thoi gian phan

tmg. Piéu nay co thé dugc giai thich 1a do khi ting tdc do khudy, x4c suit va
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cham giira cac cdu tir chdt phan tmg va chét xuc tac ting 1én, 1am ting kha

nang phan tng. Vi vy, tc d6 khuay 500 vong/phut da duoc lya chon.

3.3.2.5. Pdnh gid dp bén ciia xic tic di thé K,sHo7s trong méi trwong
phan irng

DPé ching minh tinh chit di thé cta xuc tac K3 25Hg 75 trong phan tng
ester hoa 2-KLGA, ba loat thuc nghiém lién quan dén dién bién cua qua
trinh phan Gng trong truong hop khong c6 xuc tac, c6 xuc tac nhung loc
tach va khong loc tach xtic tac khoi hdn hop phan tng, d dugce tién hanh.

Két qua nghién ctru dugc thé hién trén hinh 3.32.
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Hinh 3.32. P chuyén héa 2-KLGA trong truong hop khong sir dung
xuc tac, co xuc tac, loc bo xuc tac
(Piéu kién phan ing ester héa: Nhiét d6=65°C; ty 1é mol
KLGA/methanol=1/24; ty lé¢ tam XT/NL=0,0408)
Khi khong str dung xuc tac, phan tmg dién ra v cung cham, dat do
chuyén hoa khéng qua 5% sau 420 phut phan Gng. Trong trudng hop st
dung xuc tac Kjz5Ho7s, toc do phan tmg thay doi ro rét, thé hién qua do

chuyén hoa ting nhanh trong giai doan dau va dat gia tri do chuyén hoa
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tuong tmg sau 120 phut va 420 phut phan ung 1a 50% va 98%. Trong
truong hop loc tach xuc tac ran khoi hdn hop phan tung & thoi diém 120
phut phan tng rdi tiép tuc phan tmg ma khong co xtc tac, trong khi van
duy tri cac diéu kién phan tng khéc, nhu trong trudng hop co st dung xuc
tac, 46 chuyén hoa thay d6i hau nhu khong dang ké (tvong duong voi su
thay doi d6 chuyén hoa theo thoi gian trong trudng hop khong cé xuc tac)

trong sudt thoi gian phan tmg tir lac loc tach xtc tac, cho dén 420 phut.

Céac két qua nay ching to xtc tac ran K2 .25Ho 75 kKhong bi phai mét pha
hoat tinh vao méi truong phan tng va day thuc sy 1a xuc tac di thé trong

phan tng ester hoa 2-KLGA véi methanol.
3.3.2.6. Khdo sdt d bén hoat tinh ciia xiic tic

Pé khao sat do bén hoat tinh cua xuc tac thong qua viéc khao sat kha
nang tai str dung xvic tac Ky 25Ho 75, tién hanh phan g este hoa dén khi tiém
can can bang (420 phut) rdi loc tch xuc tac, rira bang methanol, siy & 100°C
trong vong 3 gi0. Xuc tac dugc tai st dung cho cac thuc nghi¢ém tiép theo.

Két qua danh gia do on dinh hoat tinh ctia xuc tac K, 5Hg 75, trong ba
lan tai str dung dugc thé hién trén hinh 3.33. Két qua cho thiy, hau nhu
khéng c6 su thay doi dang ké vé d6 chuyén hoa 2-KLGA trong cac lan tai

st dung x1c tac.
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Hinh 3.33. Hoat tinh cia xuc tac K, »sHg 75 trong ba chu ky tai sit dung
(Biéu kién phan itng ester héa: Nhiét d6=65°C; ty 1é mol KLGA/methanol=1/24;
ty lé tam XT/NL=0,0408)
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Hinh 3.34. Pho h(‘“)ng ngoai xuc tac K ,sHg 75 trude (a) va sau ba chu ky

tai sir dung (b) trong phéan wng ester héa 2-KLGA
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Két qua do phé héng ngoai mau Xac tac K5 25Hg 75 trude va sau ba chu ky
tai str dung trong phan tmg ester hoa 2-KLGA (hinh 3.34) cho thiy cac peak dic
trung cau tric Keggin 13 tring nhau. Ching t6 xtic tic Ko25Ho 75 van duy tri dugc
cau trac On dinh sau khi tai str dung 3 1an trong phan tmg ester hoa 2-KLGA.

Nhu vay, ca ba xtc tic si€u acid di thé BT-C-sulf, ZS-quang va
K2.25Ho 75 déu cho hiéu Suit cao trong phan tUng ester hoa 2-KLGA voi
methanol, dat 93% dén 99,9%. Xuc tac BT-C-sulf va ZS-quing do bén hoat
tinh giam lién tuc sau cac chu ky phan tng, trong khi xuc tac K, ,5Ho 75 hoat tinh
hau nhu khong d6i sau 3 chu ky phan tng. Diéu niy cho thay xuc tac KpsHo 75
c6 nhiéu vu diém hon ca: Tong hop & diéu kién mém hon, cho hiéu sudt phan
g ester hoa 2-KLGA v6i methanol cao va bén hoat tinh.

3.4. NGHIEN CUU QUA TRINH LACTON HOA METHYL 2-KETO-
L-GULONAT
3.4.1. Anh huéng ciia pH

Sy anh huong cua pH dén quéd trinh lacton hoa methyl 2-keto-L-
gulonat (Me-2KLG) dugc khao sat tai nhiét do 65°C, thoi gian phan (mg 2
gio, cac giatripH =7,9 va 11,

| DADA €, Sig=210,3 Ref=380,100 (CACHEMIDAT A0 LACT ON-HOAMWZTO4(PTI001.0v
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Hinh 3.35. Sic ky @0 HPLC ciia sin phim lacton hoa véi pH =7
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Véi trudong hop pH = 7, trong thoi gian tién hanh phan tmg, bang cam
quan cho thiy dung dich chi cho mau vang nhat, khong xuét hién két taa.
Cd can san phim phan tng thu duoc dich dic c6 mau vang niu. Két qua
phan tich bang phuong phap HPLC (hinh 3.35) cho thdy, trén sic ky dd
HPLC xuat hién mot peak sic nét cing nhiéu peak c6 cudng d6 nho. Trong
d6, peak sic nét ung v6i thoi gian luu 3,360 phit 1a cua natri ascorbat (hinh
3.36) peak trng voi thoi gian luu 3,079 1a cia Me-2KLG du (hinh 3.37) va
peak ung voi thoi gian luu 12,638 1a cia NaOH du. Hiéu suit phan ung
theo natri ascorbat dat 88,06%. C6 mot sd peak dic trung cho sy cd mit
ctia cac san pham phu cta phan ung. Tuy nhién, do thoi gian c6 han nén

ching tdi khong tién hanh dinh tinh cac chat nay.
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Hinh 3.36. Sic ky @6 HPLC ciia natri ascorbat ddi chirng & 3,3 phut
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Hinh 3.37. Sic ky @6 HPLC ciia nguyén liéu Me-2KLG & 3,1 phiit
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Hinh 3.38. Sic ky d0 HPLC ciia san pham lacton héa véi pH = 9

Véi pH = 9, bang cam quan cho thay két tia bit dau xudt hién véi
lugng nhd, dung dich c6 mau vang nhat. Trong qué trinh phan ing mau cua
dung dich dam dan. Két thac phan tng, dung dich thu dugc c6 mau dam
hon so voi khi thuc hién phan tng & pH = 7. San pham thu dugc sau qua
trinh phan tng dem c6 quay thu dugc két tia mau vang. Két qua phan tich
san pham bang phuong phap HPLC (hinh 3.38) cho thdy peak ctia Me-
2KLG hoan toan khong xuét hién chimg t6 Me-2KLG da dugc chuyén hoa

hét. Ngoai peak cua san pham natri ascorbat va NaOH du, chi xuat hién
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mot peak san pham phy voi luong rét it (peak ¢ thoi gian luu 1a 4,016).

Hiéu suét phan ung theo natri ascorbat dat 99,48%.

Sau khi diéu chinh pH ctia phan ung dat t6i pH = 11, bang cam quan
cho thay két tia bit dau xuat hién, dung dich c6 mau vang dam. Trong qua
trinh phan mg mau cta dung dich ¢dm dan. Hn hop san pham két tia, sau
khi c6 quay c6 mau vang. Két qua phan tich san phim bang phuong phap
HPLC (hinh 3.39) cho thdy Me-2KLG chuyén hoa hét, khong con NaOH
du nhung sé lwong san pham phu nhiéu (3 peak & cac thoi gian luu 13

2,657; 3,604; 4,299). Hi¢u suat phan tng theo natri ascorbat dat 77,63%.
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Hinh 3.39. Sic ky d0 HPLC ciia san pham lacton hoéa & pH = 11

Nhu vay, két qua khao sat anh huong ctia pH toi qua trinh lacton hoa
Me-2KLG cho thiy, méi trudng base trung binh (pH = 9) 14 thich hop cho
phan g nay. O mdi truong trung tinh (pH = 7), hiéu suat phan tmg khong
cao (88,06%) va trong san pham chira nhiéu san phdm phy. Méi truong
base manh (pH = 11) ciing khong phu hop cho phan tng vi sinh ra nhiéu
san pham phu dan dén hiéu suit san pham natri ascorbat thap (77,63%). Co
thé két luan pH phu hop cho phan tng lacton hoa Me-2KLG 13 9. O pH nay

hiéu suét phan Umg theo natri ascorbat cao, dat 99,48%.
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3.4.2. Anh hwéng cia nhiét do

Anh hudng cta nhi¢t do dén qua trinh lacton hod Me-2KLG dugc khao
sat ¢ thoi gian phan tng 2 gid, pH = 9, nhiét d6 thay doi tir 40°C dén 65°C.
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Hinh 3.40. Sac ky @0 HPLC ciia san pham lacton héa & nhiét do 40°C

Vi nhiét do 40°C, dung dich san phém c6 mau vang nhat, khong théy
xuat hién két tia. C6 quay dung dich thu duoc san pham 14 chat ran. Két
qua phan tich HPLC (hinh 3.40) ciia chat ran cho thdy NaOH va Me-
2KLG con du v6i lugng nhé ddng thoi trong san pham thu dugc co chira

nhiéu san phém phu. Hi¢u suét phan tng theo natri ascorbat dat 61,67%.
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Hinh 3.41. Sic ky 46 HPLC ciia san pham lacton héa & nhiét do 50°C
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V6i nhiét do 50°C, dung dich san phém cO6 mau vang, co xuét hién két
tia. C6 quay dung dich thu san pham 14 chat rin c6 mau vang. Két qua phan
tich HPLC (hinh 3.41) ctia san pham cho thdy NaOH du nhiéu, dong thoi co

nhiéu san pham phy. Hiéu sudt phan tmg theo natri ascorbat dat 80,34%.
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Hinh 3.42. Sac ky @0 HPLC ciia san pham lacton héa & nhiét d9 65°C

Véi nhiét d6 65°C, san pham c6 mau vang duc, xuat hién nhiéu két
tia. C6 quay hdn hop thu dugc chat ran mau vang. Két qua phan tich
HPLC (hinh 3.42) cta chat ran cho thay san pham thu duoc con chira
NaOH du nhung c6 rit it san pham phu. Hiéu suit phan tmg theo natri
ascorbat dat 99,48%.

Nhu vdy, nhiét do phan tng c6 anh huong khd 1on dén qua trinh
lacton hoa ciia Me-2KLG. O nhiét do thép hon nhiét do hoi luu cua dung
mdi (65°C), san pham thu dugc c6 chira nhiéu tap chat, hiéu suit cua phan
g tinh theo natri ascorbat thip (61,67% & 40°C). Nhu vdy, nhiét d6 hoi
lwu 1a phu hop dbi v6i phan tng nay. O nhiét 6 d6, hiéu suat phan tng
tinh theo natri ascorbat cao (99,48%).
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3.4.3. Phén tich cu tric san phim natri ascorbat
Tinh thé chét ran thu dugc sau khi két tinh hdn hop san pham cua quéa
trinh lacton dugc phan tich céu tric biang cac phuong phap nhifu xa tia X,

phd hdng ngoai va phd cong huodng tir hat nhan.
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@File: PTNTD 03.raw - Type: 2Th/Th locked - Start: 10.000 ° - End: 79.971 ° - Step: 0.100 ° - Step time: 18.9 s - Temp.: 25 °C (Room) - Time Started
Operations: X Offset 0.500 | Import
@00—039—1858 (*) - Sodium ascorbate - C6H7NaO6 - Y: 48.83 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 8.51450 - b 19.04700 - ¢ 4.48610 - alph

Hinh 3.43. Gian dd nhiéu xa tia X ciia sin pham natri ascorbat

Gian d6 nhiéu xa tia X cia san pham thu duoc (hinh 3.43) gan nhu
trung khit véi gian d6 chudn cua natri ascorbat cau tric tinh thé
orthorhombic. Nhu vay, co thé noi san phém thu duogc tir qua trinh lacton

hoa methyl 2-keto-L-gulonat la natri ascorbat.
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Hinh 3.44. Pho hong ngoai ciia san pham natri ascorbat

Ph6 IR cua chat ran tong hop duoc (hinh 3.44) xuét hién cac dinh
dac trung cho cac nhém chirc trong phén tu natri ascorbat. Bac biét la:

Nhém C=0 lacton: ve=o = 1704.9 cm™
Nhém C=C lién hop véi ester: ve-c = 1601.4 cm™

HQ H
g - O O
HO 2 3
1 A— ° C3
’ C
| Na*® O OH | 2 C
Cs Cy
I |
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Hinh 3.45. Ph6 "*C-NMR ciia san pham natri ascorbat
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Trén phd *C-NMR cua san phim natri ascorbat (hinh 3.45) xuét hién
6 peak ung vdi do dich chuyén hoa hoc khac nhau dac trung cho 6 nguyén

tir carbon trong natri ascorbat (bang 3.9).

Bang 3.9. Vi tri cic nguyén tir C twong vng v6i cac dd chuyén dich héa

hoc khac nhau

o (ppm) | 62,595 | 69,603 | 78,431 | 113,108 | 175,777 | 177,568

V! tri C1 C2 C3 C4 C5 C6

Nhu vay, cac két qua thu dugc cho phép khang dinh san pham thu
duoc sau qua trinh lacton hoéa methyl 2-keto-L-gulonat 1a mudi natri

ascorbat.

3.5. TINH CHE VITAMIN C VA PANH GIA PO TINH KHIET CUA
SAN PHAM

3.5.1. Acid hoa muédi natri ascorbat thanh acid ascorbic

San pham natri ascorbat tong hop dugc tir qua trinh lacton hoa duogc
tién hanh acid hoa bang nhya trao d6i ion nham thu duoc acid ascorbic tho.
Hiéu suét qua trinh acid hoa duoc danh gia nhd phuong phap quang phd ké.
Ham luong Na® trong cac mau phan tich thu duoc tir phuwong phap quang

pho ké duoc thong ké ¢ bang 3.10.

Bang 3.10. Két quéa phan tich ham lwong Na* bing phwong phap

quang ph(R) ké
Ham luong Na* (mg/l)
Natri ascorbat | Natri ascorbat San phdm sau San pham sau
(déi chimg) (téng hop) trao doi lan 1 trao d6i 14n 2
45,3 93,4 9,7 <05
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Két qua phan tich trén cho thdy, luong Na* trong mau natri ascorbat
tong hop duoc nhiéu hon so véi miu natri ascorbat thuong mai. Piéu nay
c6 thé duogc giai thich 1a do natri ascorbat tong hop duoc con bi 13n NaOH
du sau qué trinh lacton. Sau qua trinh trao doi ion lan 1, ham luong Na
trong san pham thu dugc di giam di dang ké (tr 93,4 mg/l xudng con 9,7
mg/1). Piéu nay ching t6 NaOH di bi loai va ion Na* trong natri ascorbat
d3 trao d6i v6i ion H' ¢6 trong nhya trao d6i, qua trinh acid hoa di dién ra.
bPé qua trinh trao dbi duoc triét dé, dung dich san phém sau trao ddi 1an 1
dugc cho chay qua nhya trao d6i ion 1an 2. Lan nay, san pham thu dugc c6
ham luong Na* dudi 0,5 mg/l. Piéu ndy chimg té hau hét natri ascorbat da

duoc chuyén hoa thanh acid ascorbic.

3.5.2. Tinh ché va két tinh acid ascorbic

Nhu két qua ¢ trén, san pham thu dugc sau qué trinh acid hoa gan
nhu khong con chia ion Na*. Sau do tién hanh loai mau dung dich san
phém béng than hoat tinh. Tiép theo, dung dich thu dugc sau khi loai mau
duoc két tinh lai, séy & nhiét do khoang 40°C, khong c6 khong khi am,
trong thoi gian 24 gio.

3.5.3. Panh gia chat lwong sian pham acid ascorbic

3.5.3.1. Phan tich céu triic acid ascorbic
Trén gian do nhiu xa tia X cua mau acid ascorbic (hinh 3.46) xuét
hién cac peak siac nhon va rd nét. Gian d6 cua acid ascorbic tong hop

duoc gan nhu trung khit voi gian d6 chuan caa acid ascorbic.
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Hinh 3.46. Gian d6 nhiéu xa tia X ciia miu acid ascorbic

Phé IR (hinh 3.47) xuét hién cac dinh dic trung cho cac nhom chic
trong phan tir acid ascorbic. Cac dinh ¢ 3732,8 cm™; 3525,8 cm™; 3410,2
cm? dac trung cho dao dong cua cac nhom -OH. Pinh 2916,1 cm™ dac
trung cho dao dong ctia nhém C-H (carbon nam ngoai vong); dinh 1319,3
cm™ va 1272,7 cm™ dic trung cho dao dong ctia nhém C-O-C.
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Hinh 3.47. Pho hong ngoai ciia mau acid ascorbic

So sanh v&i pho hong ngoai cia mudi natri ascorbat, ta thay:
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Nhoém C=0 lacton vong 5 canh: Nhom C=0 lacton vong 5 canh:
Vo= 1754 cm™* Ve=o= 1704,9 cm™

Nhom C=C lién hgp vai ester: Nhom C=C lién hop vi ester:
Ue=c = 1671,7 cm™ Ue=c = 1601,4 cm™

Do tao thanh mudi natri, nhém —OH chuyén thanh —O™ cho dién tir
vao h¢ lién hgp —C=C—-C=0 manh hon. Do d6 véi natri ascorbat, C=0 va
C=C hép thu & s6 song nho hon so véi acid ascorbic (giam khoang 50-70
cm™). Piéu nay chung t6 ¢ giai doan cudi cua qua trinh téng hop, mudi

natri ascorbat da duoc chuyén thanh dang acid ascorbic.

170 160 150 140 130 120 110 100 a0 a0 10 ppm

Hinh 3.48. Phé *C-NMR caa acid ascorbic
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Ph6 *C-NMR cua mau acid ascorbic thanh pham (hinh 3.48) xuét hién
6 peak o cac do dich chuyén hoa hoc khac nhau ung vai 6 nguyén tir C

trong phan tir acid ascorbic. Két qua cu thé duoc thdng ké & bang 3.11.

Bang 3.11. Pd chuyén dich hda hec cia cac nguyén tir C

o (ppm) | 173,244 | 155,510 | 117,785 | 76,173 | 68,889 | 62,052

Vi tri Cs C, Cs Cs C, C,

3.5.3.2. Ddnh gid chit lwong acid ascorbic

Mau acid ascorbic tong hop duge di duoc kiém nghiém tai Trung
tam kiém nghiém Ha Noi duoc dénh gia theo tiéu chuan kiém nghiém san
pham ciia Duoc dién Anh (Ph Eur Monograph 0253).

Két qua trong bang 3.12 cho thay acid ascorbic dat yéu cau chat
luong cac chi tiéu thir theo BP 2008.
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Bang 3.12. Két qua kiém nghiém miu acid ascorbic theo Dugc dién Anh

ST Chi ti€u va tiéu K&t qua | Yeéu cAu
T chuan ap dung q
1 | Tinh chét Pat | Tinh thé khong mau hay bot két tinh
trang hodc gan nhu trang, bi bién mau khi
tiép xuc v6i khong khi, anh sang va am;
dé tan trong nudc, tan trong ethanol 96%;
chay & khoang 190°C dong thoi phan huy
2 | Dinh tinh (nhoém II:
A, C,D):
A. Po do hap thu tir| Pung | A (1%, lcm) ¢ 243 nm nam trong khoang
ngoai (557,2) | 545 dén 585
C. Po pH Pung | pHtr2,1 &én 2.6
D. Phan ng hoa hoc bung | Ché pham phai c6 phan tng cia acid
ascorbic
3 | b trong va mau sdc Pat Phai dat qui dinh
4 | Acid oxalic Dat Khong duoc qua 0,3%
5 | Tro sulfat Pat
Khong duoc qua 0,1%
(0,03)
6 | Kim loai ndng Dat Khong dugc qua 10 ppm
7 | Goc quay cuc riéng bat ,
Tu +20,5° dén +21,5°
(+21,1°)
8 | binh lugng bat Ham lugng acid ascorbic trong ché phém
(100,2%) | phai dat tir 99,0% dén 100,5% tinh theo
ché pham d3 lam kho
9 | Gi61 han Fe Dat Khong qué 2,0 ppm
10 | Gi6i han Cu Dat Khong qué 5,0 ppm
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KET LUAN

1. ba téng hop dugc xuc tac carbon sulfonat hoa tir mun cua, c6 dién
tich bé mat riéng 16n (197 m%/g), tng dung trong phan ng ester hoa 2-
KLGA véi methanol, cho hiéu suit phan mg cao twong dwong (hiéu suét
san pham dat 93,3%) xuc tac thwong mai Amberlyst-15 (hiéu sudt san
pham dat 96,0%). Két qua nay gop phan tao ra cac hé xiic tic méi c¢6 hoat
tinh cao cho cac phan ung st dung xuc tac acid n6i chung va phan tng
ester hoa 2-KLGA noi riéng.

2. Pa tong hop duoc xuc tac zirconi sulfat hoa, tir hoa chét tinh khiét
va tu tinh quang zircon Viét Nam, ¢ dac trung tinh chat tuong duong nhau
va ¢6 hoat tinh cao cho phan ung ester hoa 2-KLGA v6i methanol (hiéu
sudt san pham dat 99,9%). Két qua nay mé ra huéng tmg dung cta xuc tac
dugc diéu ché tir ngudn nguyén lidu san co trong nudc, hira hen co gia
thanh canh tranh.

3. Nghién ctru mdt cach hé théng va di xac dinh duogc diéu kién thich
hop dé tong hop xtic tac di da acid trén co so acid 12-phosphotungstic ding
cho phan ung ester hoa gitta 2-KLGA v61 methanol la xuc tac
K 25H0 75PW1,040, & céc diéu kién: nhiét do phan tng trao d6i ion 50°C, toc
d6 nho giot 0,6 ml/phut, téc d6 khudy 600 vong/phit.

4. Pa st dung cac phuong phap vat ly hién dai nhu: TGA-DTA,
AAS, BET, XRD, IR, TEM, SEM-EDX, TPD-NHs, hiap phu NH; dé dic
trung tinh chit cta cac xtc tac tong hop dugc.

5. Khao sat va lua chon duoc cac diéu kién thich hop cho phan ung
ester hoa gitra acid 2-KLGA vé1 methanol trén xtc tdc K 5Hg 75PW12040
la ty 1€ tam XT/NL = 0,0408, ty 1¢ 2-KLGA/methanol = 1/24 (mol/mol),
nhiét 6 phan ung 65°C, toc d6 khudy 500 vong/phut.
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6. Pa xac dinh duoc cac diéu kién thich hop cua qua trinh chuyén
héa methyl 2-keto-L-gulonat thanh vitamin C: giai doan lacton hda methyl
2-keto-L-gulonat tién hanh & nhiét 36 65°C, trong 2 gi0, pH = 9; giai doan
acid hoa natri ascorbat sir dung nhya trao doi ion H; giai doan tinh ché st
dung than hoat tinh dé loai mau va sau d6 két tinh, sy ¢ 40°C trong 24 gio

dé thu dugc san pham vitamin C.
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NHUNG PINH HUONG NGHIEN CUU TIEP THEO

Nghién ctru nang cao tinh bén hoat tinh ciia cac xtc tac trén co sé
carbon sulfonat hoa va zirconi sulfat hoa trong cac phan ung ester héa noi
riéng va mo rong cac ung dung cua chiing trong cac phan img st dung xic

tac acid di thé néi chung.
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CAC PONG GOP MOI CUA LUAN AN

1. Luan an da nghién ctru moét cach h¢ théng cac diéu kién thich hop
dé téng hop xtc tac di da acid trén co sd acid 12-phosphotungstic va tong
hop dugc xtc tac Kj 25Hg 75PW1,040, ¢6 hoat tinh cao trong phan ing ester

hoa acid 2-keto-L-gulonic v&i methanol.

2. Ba nghién ctru phan ung ester hda acid 2-keto-L-gulonic trén cac
xtc tac siéu acid di thé, dic biét 1a nghién ctru mot cach hé théng trén xuc
tac Ky 25Ho 75PW1,040. Céc két qua nghién ctru da dugc dang tai trén tap chi
chuyén nganh quéc té, thudc hé théng SCIE va dugc cap bang Poc quyén
giai phap hiru ich cua Cuyc s¢ Hiru tri tu¢ Viét Nam.

3. Pa nghién ciru tong hop vitamin C mot cach bai ban va hé théng
tir khau chudn bi nguyén liéu, phan tng, tinh ché san pham dén khau déanh

gia chét luong san pham.
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