BO GIAO DUC VA PAO TAO
VIEN HOA HQC CONG NGHIEP VIET NAM

---000---

BACH THI TAM

NGHIEN CUU TONG HQP VA PAC TRUNG
XUC TAC SIEU ACID DI THE DUNG CHO PHAN UNG
ESTER HOA ACID 2-KETO-L-GULONIC TRONG
QUA TRINH TONG HQP VITAMIN C

Chuyén nganh: Hoa Iy thuyét va Héa ly
Mai s6: 62.44.01.19

TOM TAT LUAN AN TIEN ST HOA HQC

HA NOI -2015




Cong trinh dugc hoan thanh tai:

Vién Hoa hoc Cong nghiép Viét Nam

Ngudi hwéng din khoa hoc: 1. PGS.TS Vii Thi Thu Ha
2. GS.TSKH Mai Tuyén

Phan bién 1: PGS.TS Lé Minh Cam
Phan bién 2: TS Thai Am

Phan bién 3: PGS.TS Nguyén Thanh Binh

Luan an sé dwgc bao vé tai hgi cham luan an Tién si cap Vién hop

tai Vién Hoa hoc Cong nghiép Viét Nam

Vaohdi: ....... gio........ ngay....... thang ...... nam 2015

Co6 thé tim hiéu luin an tai:
Thuw vien Quoc gia

Thu vien Vien Hoa hoc Cong nghiép Viét Nam



MO DAU

1. Ly do chon deé tai

Acid L-ascorbic, con goi 12 vitamin C, 1a mot chét rat can thiét cho su song
ctia sinh vat n6i chung va con ngudi noi riéng. O Viét Nam, nhu ciu sir dung
vitamin C khoang 1000 tdn/nam va nhu ciu dang ting dan.

Acid 2-keto-L-gulonic (2-KLGA) 1a mdt chét trung gian quan trong trong
téng hop vitamin C. Mot trong nhimg phwong phap héa hoc duge img dung rong rai
trong cong nghiép dé chuyén hoa 2-KLGA thanh vitamin C 1a con duong chuyén
hoa ester hoa trong d6 cé giai doan 2-KLGA phan tmg véi methanol dé tao methyl
2-keto-L-gulonat (Me-2KLG), sau d6 lacton hoa dé chuyén thanh vitamin C.

Qua trinh ester hoa truyén théng dé san xuat Me-2KLG 1a qua trinh dong
thé st dung xuc tac acid H,SO,. Tuy nhién, qué trinh nay co nhiéu nhugc diém
nhu gay dn mon thiét bi, khé tach khoi hdn hop san pham nén chi phi cho vi¢c
tinh ché san pham cao va ba thai ciia qué trinh tinh ché con gay 0 nhiém moi
truong. Ngay nay, cac qua trinh xtc tac di thé dang dan thay the cac qua trinh xac
tac dong thé nhd nhitng wu diém dic biét, thoa man nguyen tac 3R (Reduction,
Recycling and Reuse - Loai bo chat thai, Tai ché san pham va Tai st dung).
Trong cic qué trinh ndy, chat phan (mg va xtc tic ton tai & cac pha khac nhau va
khong tan Ian vao nhau. Nho thé, sau phan tng, chat xuc tic ¢ thé duoc tach ra
mot cach dé dang khoi hdn hop san pham va co thé tai s dung. Qua trinh tinh
ché nho thé s& don gian hon, chat thai ciing it hon.

Trong thoi gian gan dy, siéu axit rin dugc quan tdm nghién ctru, trong d6
di da acid duoc str dung 1am xtc tac cho nhiéu phan tng hoéa hoc nhu ester hda,
dé hydro hoa ancol, ankyl hoa,... M6t trong cac da acid phé bién nhét 1a acid 12-
phosphotungstic, HiPW;,04 (HPA) dugc biét dén tir 1au, day 1a acid manh va
manh hon nhiéu so véi cac acid rin truyén théng nhu H,SO,, HCI,...dugc quan
tam nghién ctru. Tuy nhién HPA c6 dién tich bé mit riéng thap (< 15 m?%/g) va dé
bi hoa tan trong dung méi phan cuc, gay khé khin cho viéc thu hoi va tai st
dung. Di thé hoéa hop chit di da acid 12 huéng di can thiét dé co thé tan dung
nhimg vu diém cua loai hop chit nay.

2. Muc tiéu va ngi dung nghién ctru ciia ludn an

Nghién ciru tong hop va dic trung tinh chat xuc tac siéu acid di thé dung
cho phan g ester hoa acid 2-keto-L-gulonic trong qua trinh tong hop vitamin C.

Pé dat muyc tiéu ndy cac ndi dung nghién ctru chinh cta luén an bao gdbm:

- Téng hop va dic trung tinh chét xtc tac carbon sulfonat héa tir mun cua
va thtr hoat tinh ctia xtc tac trén phan tng ester hoa 2-KLGA.

- Toéng hop va dic trung tinh chat x(c tac zirconi sulfat hoa tir tinh quing
zircon Viét Nam va thir hoat tinh cta xtc tac trén phan ing ester hoa 2-KLGA.

- Nghién ciru mot cach hé thong va xac dinh diéu kién thich hop dé tong
hop xuc tac di da acid trén co s6 HPA va dic trung tinh chét ciia xtc tac.
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- Khao sat va lira chon cac diéu kién thich hop cho phan tmg ester hoa gitra
2-KLGA véi methanol trén xtc tic phit hop nhét trong nhom xtic tac tong hop duoc.

- Xac dinh cac diéu kién thich hop ctia qua trinh chuyén héa Me-2KLG
thanh vitamin C.

3. Y nghia khoa hoc va thuec tién ciia luin an

Luan an da nghién clru téng hop dugc xuc tac Ky 25Ho 75PW1,040, 6 hoat
tinh cao co thé thay thé xtc tac dong thé truyén théng H,SO, va xilc tac
Amberlyst-15 thuong mai trong phan tng ester hoa 2-KLGA véi methanol, mdt
giai doan quan trong trong qué trinh tong hop vitamin C.

4. Nhirng dong gop mdi cia luan an

1. Lun 4n d3 nghién ctru mot cach hé thdng cac diéu kién thich hop dé tong
hop xuc tac di da acid trén co s& HPA va téng hop dugce xtc tac K; ,5Hg 75PW 1,040,
c6 hoat tinh cao trong phan tng ester hda 2-KLGA véi methanol.

2. P nghién ctru phan tmg ester hoa 2-KLGA trén cac xuc tac siéu acid di the,
dac biét 1a nghién ciru mot cach hé thng trén xtic tac Ko sHo 75PW12040 . Cac két qua
nghién ctru da dugc ddng tai trén tap chi chuyén nganh Quéc té, thudc hé théng SCIE
va duoc cap bang Pdc quyén giai phap hitu ich ciia Cuc s Hitu tri tué Viét Nam.

3. Pi nghién ctru tong hop vitamin C mot cach bai ban va hé thong tir khau
chuan bi nguyén liéu, phan tng, tinh ché san pham dén khau danh gia chét luong
san pham.

5. Bo cuc ciia luin 4n

Luan an gom 111 trang: it van dé 03 trang; tong quan 26 trang; thuc
nghiém 18 trang; két qua va thao luan 50 trang; két luan 02 trang; nhiing dinh
huéng nghién ctru tiép theo 01 trang; cac dong gdp mdi cua ludn an 01 trang;
danh muc cac cong trinh da cong bd 02 trang; tai liéu tham khao 07 trang (gdm
101 tai liéu tham khao). Luan an c6 15 bang, 60 hinh.

Chuwong 1. TONG QUAN
1.1 SOLUQC VE VITAMIN C
1.2. GIOI THIEU VE ACID 2-KETO-L-GULONIC
1.2.1. Mt s tinh chat ciia acid 2-keto-L-gulonic
1.2.2. Qua trinh tong hep acid 2-keto-L-gulonic
1.3. PHAN UNG ESTER HOA
1.3.1. Pic diém ciia phan g ester
1.3.2. Co ché ciia phén wng ester hda
1.3.3. Cac yéu td anh huéng dén phan ving ester héa
1.3.4. Phan vng ester hoéa sir dung xic tac di thé
1.4.XUC TAC SIEU ACID DI THE
1.4.1. Xuc tac carbon sulfonat hoa (C-SO;H)

Xtc tac trén co s& carbon sulfonat hda c6 do bén nhiét cao, dién tich bé
mat riéng 16n va thé hién hoat tinh cao trong nhiéu phan tng ester hoa.
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1.4.2. Xic tac zirconi sulfat héa (SO,*/ZrO,)
Zirconi sulfat hoa dugc coi nhu 1a mot siéu acid ran boi cudng do acid

manh hon H,SO, va c6 tdm acid Lewis.
1.4.3. Xuc tac di da acid trén co sé acid 12-phosphotungstic

Dj da acid 12 mot ho cac acid dugc tao thanh nho sy két hop dic biét giira
hydro va oxy véi mot sé kim loai va phi kim. Trong d6 di da acid c6 ciu trc
kléu Keggin nhu acid 12-phosphotungstic duge danh gia c6 tinh acid manh va d¢
6n dinh cao. ‘Tuy nhién dé tan trong dung m6i phan cyc nén dugce coi la xtc tac
ddng thé. Dé tan dung nhimg vu diém cta hop chat nay viéc di thé xuc tac 1a
huong di da va dang duoc quan tam nghién ctru.

Chuong 2. THUC NGHIEM

2.1. TONG HQP XUC TAC
2.2.1. Tong hop xic 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 cat.
Dung cu va thiét bi: Céc, bat st, 6ng dong, phéu loc, can phan tich, may

khudy tir, ti sdy, thiét bi nhiét phan, ...
2.2.1.2. Tong hop xiic tic

Xuc tac carbon sulfonat hoa duogc tong hop tir mun cua. Sau khi nghién min,
duoc nhiét phan dudi dong khi N, voi tbe do gia nhiét 10°C/phut, trong thiét bi
nhiét & 400°C trong 5 gio. Sau do, cu 1g san pham dugc ngam trong 4 ml H,S0, &
150°C trong 17gio dudi ap suat khi quyén trong diéu kién thuy nhiét. Hon hop sau
sulfonat hoa dugc lam lanh den nhiét do phong va pha loang trong nudc cat nong
dé phan két tiia den lang xudng, sau do loc lay két tia den rira bang nudc cat nong
(khoang 70-80°C) cho téi khi nudc rira khong con ion sulfat. Cudi cung, san pham
duogc siy ¢ 200°C trong 2 gio dudi dong khi N, ¢ ap suét khi quyén.
2.2.2. Tong hop xic tac zirconia sulfat héa
2.2.2.1. Héa chit, dung cu va thiét bi

Hoa chat: Tinh quang zircon 72,3% (Ha Tinh-Viét Nam), ZrOCl,.8H,0
99% (Trung Qudc), NaOH 96% (Trung Quéc), dung dich NH,OH 28% (Trung
Quéc), HCI 32% (Viét Nam), H,SO, 98% (Sigma-Aldrich), nudc cat.
2.2.2.2. Tong hop xiic tic
* Téng hop muéi ZrOCl,.8H,0 fir tinh qudng zircon

Céac mau tinh quing zircon c6 ham luong ZrO, 72,3 % duoc tron déu véi
NaOH theo ty 1€ NaOH/zircon 13 1,5; nung & nhiét d6 650°C véi toc do gia nhi¢t 1a
3°Clphat, trong thoi gian 1 gid. MAu sau khi nung dugc rira sach nhiéu lan bang
nudc dén khi pH ciia nudc rira khoang 7+ 8. San pham thu dugc, hoa tan bang dung
dich HCI va dun nong. Loc bé can lo Iing. Sau do, dé nguoi dén nhiét do phong thu



dugc tinh thé ZrOCl,.8H,0 dang hinh kim. Tinh thé dugc loc va rira lai nhiéu lan
bang dung dich HCI ¢6 ndng do cao dé thu duge mudi ZrOCl,.8H,0 tinh khiét.
* Tong hop ZrO(OH), tir mudi ZrOCl,.8H,0

Nguyén liéu tong hop ZrO(OH), gdm hai ngudn khac nhau ZrOCl,.8H,0 tinh
khiét va ZrOCl,.8H,0 diéu ché tir tinh quing zircon Viét Nam nhu mé td & trén.
Qué trinh tong hop ZrO(OH), duoc tién hanh nhu sau: nho tir tir dung dich NH; co
néng doé 1,7M vao dung dich mudi ZrOCl,.8H,0 néng do 0,4M ¢ nhiét do 80°C,
cho t6i khi hdn hop dat pH = 6. Két tua dugc gia hoa trong thoi gian 2 gid trude khi
duoc loc va rira sach dén khi hét ion CI'. Sau d6, san phém duoc séy & nhiét do 80°C
trong 12 gio. San pham tao thanh tir hai ngudn nguyén liéu khac nhau noi dén & trén,
duoc ky hiéu 1an lugt 1a ZrO(OH),-quing va ZrO(OH),-tinh khiét.

* Tong ho’p SO 1ZrO, tir ZrO(OH),

S044/ZrO, dugc tong hop tir hai nguén nguyén li€u khac nhau Ia
ZrO(OH),-quang va ZrO(OH),-tinh khiét. Cu thé, ngdm ZrO(OH)z trong dung
dich H,SO, nong do 0,4M trong 17 gi6 ¢ nhiét do 80°C (v6i ty 16 1 g
ZrO(OH),/15ml dung dich H,SO, 0,4M). Sau d6, mau dugc nung & nhiét do
550°C trong 2 gid véi toe dd gia nhiét 10°C/phit. San pham thu duoc ky hiéu ZS-
quang va ZS-tinh khiét.

2.2.3. Tong hop xtc tic di da acid trén co sé acid phosphotungstic
2.2.3.1. Héa chit, dung cu va thiét bi

Hoa chat: Acid 12-phosphotungstic (Sigma-Aldrich), kali cloride (Trung
Quéc), Ceri cloride (Merk — Birc), Rubidi cloride (Sigma-Aldrich), methanol
(Trung Quéc), acid 2-keto-L-gulonic (Merk — D)

Dung cu va thiét bi: Buret, pipet, 6ng dong, cdc ¢6 mé, con tir, nhiét ké,
can phén tich, may khudy tir gia nhiét, may ly tim, ti say.
2.2.3.2. Tong hop xiic tic
* Chuén bj hoa chat:

- Pha dung dich KCI, RbClI, CsClI bdo hoa (¢ 30°C); dung dich HsPW,,04
0,1M.

- Xuc tac MyHaPW1,04 (MPW) duoc tong hop bang cach thay thé mot
phﬁn H" trong phan tir H;PW;,04 boi K, Rb*, Cs*. Do d9, tuy thudc vao luong
ion K*, Cs" thay thé dé xac dinh thé tich dung dich HsPW,,040 va dung dich KCl
bdo hoa can st dung dé tong hop xuc tac.

* Quy trinh:

- Bude 1: Nho tir tir cho dén hét dung dich HsPW;,04 0,1M vao cdc da chua
san dung dich MCI bio hoa (M 13 K hoic Cs hoidc Rb), két hop voi khudy va duy tri
6n dinh nhiét do dung dich phan tng & cac nhi¢t do khdo sat. Sau khi nho hét dung
dich H3PW;,04, tiép tuc khqu thém 2 gi0, thu dugc két tha ran mau tr:fmg, min.

- Bu6c 2: St dung nudc cat 2 lan rira sach két tia cho dén khi dich loc
khong tao két tia tring vi AgNOs, dé c6 thé dam bao ion C1 da dugc loai bo
khoi xUc tac.



- Bude 3: Sy xtic tac & 70°C trong vong 24 gid dé luong nudc thoat dan ra
khoi xuc tac. Cudi cung, xUc tac dugce say & 120°C trong vong 5 gid dé loai bd
hoan toan nudc ¢ trén bé mat cling nhu trong cac mao quan.

2.2. CAC PHUONG PHAP PAC TRUNG TINH CHAT XUC TAC

Cac ky thuét phan tich dac trung tinh chat xtc tac bao gf)m phan tich nhiét
(TGA - DTA), nhiéu xa tia X (XRD), pho hong ngoai (IR), hién vi dién tr quét
(SEM), hién vi dién tir truyen qua (TEM), pho tan sic niang luong tia X (EDX),

dang nhiét hip phuy - giai hap phu nito (BET), phd hap thu nguyén tir (AAS), giai
hap phu NH; theo chwong trinh nhiét &6 (TPD-NHj), hap phu NHs.

2.3. CAC QUA TRINH PHAN UNG VA TINH CHE SAN PHAM
2.3.1. Qua trinh ester hoa

Cho 0,1g 2-KLGA va 30ml CH;OH vao binh cau 3 ¢d, dung tich 100ml. Tién
hanh gia nhiét dén 65°C, khi nhiét d6 6n dinh cho XxUc tac vao. Dinh ky ldy mau tai
cac thoi gian phan tmg 0 phat, 5 phuat, 15 phut, 30 phat, 60 phat, 120 phut, 180
phut, 240 phat, 300 phdt, 360 phdt, 420 phat va phan tich ham luwong san pham.
2.3.2. Qua trinh lacton héa

Cho 30 ml dung dich san pham ciia giai doan ester hoa 2-KLGA vao binh
cau 3 cb duy tri & nhiét do 65°C. Thém tir tr dung dich NaOH bdo hoa trong
methanol vao hdn hop phan tmg dén khi pH dat khoang 8,7. Khuéy hon hop phan
ing trong 2 giod. Sau do dung khudy, 1am nguéi h¢ phan tmg vé nhiét do phong.
Két tinh san pham bang cach 1am lanh tir tir hon hop sau phan tng. Tién hanh co
chan khéng dé loai hét methanol va thu san pham rin natri ascorbat tho.

2.3.3. Tinh ché vitamin C

Nho tir tir dung dich natri ascorbat (10%) vao ong thay tinh chta nhua
trao d6i ion, dung dich ra khoi ong thuy tinh sau khi da acid héa xong duoc khir
mau béng than hoat tinh. Sau d6, dung dich thu dugc c6 dac bﬁng thiét bi ¢ quay
chan khong ¢ nhiét do khoang 55°C, téc d6 quay 100 vong/phat. Dung dich thu
dugc 1am lanh bang nudc da khoang 45 phut ¢ st dung 0,003g chat tao mam 1a
cac tinh thé acid ascorbic. Sdy chan khong trong 10 gid thu duoc san pham 1a cac
tinh thé vitamin C.
2.4. CAC PHUONG PHAP PHAN TiCH SAN PHAM
2.4.1. Phwong phap sic ky 16ng hiéu ning cao (HPLC)
2.4.2. Phwong phap phé céng huwong tir °C-NMR

Chuwong 3. KET QUA VA THAO LUAN

3.1. XUC TAC CARBON SULFONAT HOA
3.1.1. Pic trung tinh chit hoa Iy eiia xiie thc carbon sulfonat héa

Két qua xac dinh thanh phan mun cua sau khi nhiét phan (BT- C) va sau xu
ly trong H,SO, (BT-C-sulf) bang phuong phép phan tich nguyén té duogc trinh
bay trong bang 3.1.



Bang 3.1. Thanh phin cic nguyén t6 trong miu BT-C va BT-C-sulf

—2% khoilugng | o %H %S %0
Tén mau
BT-C 87.46 3,01 <02 8,27
BT-C-sulf 63,4 27 1.7 30,10

Két qua cho thdy, miu mun cua nhiét phan hau nhu khong chira luu huynh,
ham luong oxy trong miu twong d6i thap, chi dat 8,27%. Trong khi d6 miu sau
khi sulfonat héa c6 ham lugng luu huynh dat 1,7% va ham lugng oxy tang 1én
dang ké, dat 30,1%. RS rang, da c6 su thay d6i thanh phan ctia miu sau khi
sulfonat héa, dic trung cho sy ¢6 mit ctia S va O trong mau sulfonat héa.

Céc két qua dic trung thanh phan be mit bang phuong phap SEM-EDX va
phuong phap phén tich nguyén t6 ctia mau sau khi sulfonat hoa cho thay ham
luong cac nguyén td trong khéi va tai mot s diém trén bé mit (bang 3.2) kha
tuong dong, chimg t6 qua trinh sulfonat hoa dién ra kha dong nhat.

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

% khdi lwong 0 o 0 o
Phwong phap do o C /oH & 70
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

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

Absorbance

——BT-C-sunf
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Két qua phén tich phd hdng ngoai (hinh 3.3) ctia miin cua nhiét phan va xtic tac
acid trén co s& carbon sulfonat hoa thé hién mot dai phd rong & khoang 341 lem™,
dac trung cho dao dong cua nhom O-H trong nhom chitc COOH va OH phenolic.
Peak c6 cuong do thép & vi tri 1716 em™, dac trung cho dao dong nhom C=0 cua
nhém chirc -COOH va peak hap thu ¢ 1612 cm™, dic trung cho dao dong C=C cua
vong thom da nhan. Peak co cudong do yéu ¢ 1444 cm™ dic trung cho dao dong
SOH ciia nhom phenolic. Peak & 1056 cm™, d6i v6i dao dong dbi ximg ciia nhom



0=S=0 ciing nhu ¢ 1200 cm™, d6i v6i dao dong bat d6i xting ctia nhom nay, tuong
g voi kiéu dich chuyén nh(')m SOgH xudt hién sau qua trinh sulfonat hoa.

Két quéa phan tich céu tric x6p bang phuong phap BET (bang 3.3) cho thay,
mau BT-C-sulf c6 dién tich bé mit riéng cao hon han s0 voi mau BT-C va qua
trinh sulfonat hoa di 1am thay di tinh chat acid caa mau BT-C, chimg to qua
trinh sulfonat hoa di dién ra hiéu qua.

Bang 3.3. Ciu tric xp va tinh acid ciia xic tac BT-C-sulf

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

3.1.2. Hoat tinh cua xuc tac BT-C-sulf trong phan wng ester hoa 2-KLGA
Két qua so bd danh gia hoat tinh cua xtc tac BT-C-sulf trong phan tng
ester hoa 2-KLGA so véi xtic tic Amberlyst-15 dugc thé hién trén hinh 3.4, cho
thay hoat tinh xuc tac BT-C-sulf (dat 93,3%) gan tuong duong hoat tinh xtic tac
Amberlyst-15 (dat 96,0%) trong phan trng ester hoa 2-KLGA sau 420 phdt.
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, Két qua ndy mo ra huéng rat kha quan trong nghién ciru img dung xtc tac BT-C-sulf
doi vai cac phan ng str dung tam acid noi chung va phan tng ester hoa 2-KGA noi riéng.
3.2.XUC TAC ZIRCONI SULFAT HOA
3.2.1. Dic trung tinh chat héa ly ciia xiic tac zirconi sulfat hoa

Gian d6 nhiéu xa tia X ctia mau ZS-quing duoc trinh bay trén hinh 3.7.
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Hinh 3.7. Gian d6 XRD
cuiia xuc tac ZS-quang
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Trén gian do XRD ctia ZS-quing chi thay xuat hién cac peak dic trung cho
cau tric tr dién cua ZrO,, tai cac goc 2 theta xap xi 30°, 35°, 50° va 60°. Piéu nay
chtng t6 sau khi sulfat hda va nung & nhiét d6 550°C da hinh thanh cau tric pha
tr dién ctia ZrO,. Két qua nay phu hop véi két qua da cong bd 1a cau tric ZrO,
con duge 6n dinh nho sy 6 mit cua cac ion SO,* khi nung & nhiét do 550°C.

Pho hong ngoai ctia ZS-quang (hinh 3.8) thé hién sy co6 mat cua cac peak
dic trung cho nhom SO,* ¢ 1217, 1138, 1084 va 997 cm™.

1
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Hinh 3.8. Pho hong ngoai
cua xuc tac ZS-quang

Absorbance
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Két qua phan tich cdu trac x6p bang phuong phap BET cho thay, ZS-
quang la vat liéu mao quan trung binh, co dién tich bé mit riéng dat 50,4 m?/g,
cao hon so véi dién tich bé mit riéng cia ZrO, (20 m?/g). Nhu viy, sau qua trinh
sulfat hoa, xuc tac thu duoc co dién tich bé mit riéng ting 1én dang ké.

Két qua dic trung tinh acid bang phuong phap TPD-NH; cua xUc tac ZS-
qUang duoc trinh bay trong ¢ hinh 3.10.

TCD Signal {a.u.) vs. Time

W
|

_Hinh 3.10. Gién dé TPD-
NHj; caa xdc tac ZS-quang

—.
(9,) sinjessdus |

TCD Signal (a.u.)

Trén gian d6 TPD-NH; cua x(c tac ZS-quiang xuat hién mot peak tng véi
nhiét do giai hap 235,6°C dic trung cho céc tdm acid trung binh, mot peak c6
cuong do cao ung vai nhiét do giai hap ¢ 589°C dic trung cho cac tdm acid
manh. Téng sé tAm acid cua xtc tic ZS-quing 1a 0,1939 mmol H*/g. Két qua nay
chtng t6 xuc tac ZS-quing ¢ chira nhiéu tm acid manh.



Déi vai xuc tac ZS-tinh khiét, cac két qua dic trung tinh chat nhin chung 1a
tuong tu cac két qua ddc trung tinh chét cua xuc tac ZS-quing (khong chi ra ¢ day).
Diéu nay cho thiy, cac chat x(c tac trén co so zirconi sulfat hoa, dugc tong hop tir
hai ngudn nguyén khac nhau, ¢ cac két qua dic trung tinh chat twong tu nhau.

3.2.2. Hoat tinh va d bén ciia xiic tac SO,*/ZrO,

Két qua nghién ctru phan tmg ester hoa 2-KLGA trén xdc tdc ZS-quing,
ZS-tinh khiét va xtc tac ddi chimg Amberlyst-15. Nhan thay, ca hai xuc tac ZS-
quing, ZS-tinh khiét déu thé hién hoat tinh xtc tac cao va twong duong hoat tinh
xuc td&c Amberlyst-15 trong phan g ester hoa 2-KLGA véi methanol.

100 A
90 A

g 80 Hinh 3.12. P9 chuyén héa 2-
& 70 KLGA trén cac xuc tac ZS-
E % quiing; ZS-tinh khiét va

é 4512: —— zS-tinh khiét Amberlyst-15

. 8= ZS-quéng (Diéu kién phan tng:

s A Amberlyst-15 Nhiét d6=65°C; toc do khudy=500

vong/phut; ty 1€ mol
KLGA/methanol=1/24)
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Cac két qua nghién ctru trén day cho thay, xuc tic ZS-quing, diéu ché tur
tinh quing zircon Viét Nam, c6 tinh chat hoan toan tuong ty xtc tac ZS-tinh
khiét, diéu ché tir hoa chat ZrOClI, tinh khiét. Piéu nady mo ra kha nang ung dung
ciia xc tac zirconi sulfat hoa, diéu ché tir tinh quing zircon Viét Nam, mét
ngudn khoang san sin c6 & nudc ta.

Nghién ctru d6 bén hoat tinh cua xtc tac ZS-quing cho thiy hoat tinh xuc
tac ZS-quing sau 420 phut 1an 1 dat 99,9%, 1an 2 dat 97,2%, lan 3 dat 96%, lan 4
dat 95,1% va 1an 5 giam xudng 94,3%. Nhu vy sau 5 chu ky phan tng hoat tinh
xuc tac ZS-quing cho phan tng ester hda 2-KLGA giam khoang 5,6%.

Nhu vay, xtc tac zirconi sulfat hoa, dugc tong hop tir tinh quing zircon
Viét Nam hay tir hoa chat tinh khiét déu c6 hoat tinh cao cho phan tng ester hoa
2-KLGA vé6i methanol. Tuy nhién han ché ctia xtic nay 1a nhanh mat hoat tinh,
chinh vi vy, dé hudng t6i img dung trong thuc tién, vé 1au dai, can nghién ctru
cai thién tinh bén hoat tinh cta xuc tac.

3.3. XUC TAC DI PA ACID TREN CO SO ACID 12-PHOSPHOTUNGSTIC
3.3.1. Tong hop va diic trung tinh chit ciia xic tac

Mubi kali ctia HPA da duoc lya chon lam dbi tuong nghién ctru béi vi cac
nghién ctru tham do cua ching toi cho thay xtic tac KPW co6 hoat tinh cao trong
phan tng ester hoa 2-KLGA so v6i cac mudi khac cua HPA.



3.3.1.1. Anh hwéng ciia nhiét dj phdin ing trao déi ion

Két qua nghién ctru anh huéng cta nhiét d6 phan ung trao doi ion dén hoat
tinh xdc tac, o ty 1¢ ion H® trong HPA trao d6i véi ion K theo 1y thuyét dugc lya
chon 1a 2:3, dugc trinh bay trong hinh 3.15.
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90
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(Diéu kién tong hop xuc tac:
Ty 1¢ trao doi ion Iy thuyét 2:3; tdc
d6 khudy 600 vong/phut; tbc do
nho giot 0,6 ml/phut).
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Két qua cho théy, khi tang nhiét do cua phan ng trao ddi ion, hoat tinh xtc
tac trong phan tng ester hoa 2-KLGA ting 1én. O nhiét d6 trao d6i ion 50°C, xtic
tac c6 hoat tinh cao nhat. Diéu nay cho thy, ¢ nhiét do trao d6i ion thap, ning
luong cung cip cho phan tng trao ddi ion chwa ¢t nén qua trinh trao d6i ion dién
ra chua triét dé. Tuy vay, rat kho khao sat & nhiét d6 cao hon 50°C vi tir nhiét do
nay, nudc bat dau bdc hoi, KCI1 bi két tinh mot phan va rat kho thyuc hién phan tmg
trao doi ion.

Nhu vay, nhiét do thich hop nhét cho phan Gng trao ddi ion trong qua trinh
tong hop xuc tac KPW 1a 50°C.
3.3.1.2. Anh hwéng ciia toc dj nhé giot

Két qua khao sat anh hudéng cua tdc d6 nho giot dung dich H3PW;,044 trong

qua trinh trao ddi ion dén hoat tinh xuc tac, duge thé hién trén hinh 3.16.

100 1
o Hinh 3.16. Anh huéng ciia
< o toc do nho giot dung dich
% 96 1 HgPWlZO4o den hOi.lt tinh
2 *1 xUc tac
@ 94 X o A A , ro
5 sl 'EDleAu kls:n tong hqlg Xiic tac:
S o Nhiét d6 phan ing=50"C; ty I¢ trao

o1 | d6i ion 2H" bang 2K™: toc do

% : : : - khuay=600 vong/phut).

0.4ml/phut 0.6ml/phut 0.8ml/phat 1ml/phat
Téc dd nhé giot

K&t qua trén hinh 3.16 cho thy, véi toc d nhé giot dung dich HsPW1,04
tir 0,4 ml/phtt dén 0,6 ml/phtt, cic xuc tac thu dugc cho d6 chuyén hoa 2-KLGA
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tuong dwong nhau, lan luot 1a 97,7% va 98,2%. Tuy nhién, khi tdc do nho giot
ting dén 0,8 ml/phat va 1,0 ml/ phut, d6 chuyén hoa 2-KLGA giam di déng ké tir
94,5% xuéng 91,8%. Piéu nay co thé duoc gidi thich la do tdc do nho giot nhanh
da lam tang cuc bo néng d6 ctia HsPW1,04 trong dung dich KCI bao hoa, dan
dén 1am han ché kha ning trao d6i ion. Hé qua 13, qua trinh trao d6i ion dién ra
chua hoan toan va xuc tac chua dat duoc thanh phén nhu mong mudn. Nhu vay,
tdc d6 nho giot dung dich H3PW 1,049 clia qué trinh trao ddi ion trong phan ung
tong hop xuc tac KPW, dat gia tri 0,6 ml/phut 1a thich hop nhat.

3.3.1.3. Thay doi ty 1¢ ion dwoc trao déi

Béang 3.4. Két qua phan tich nguyén to cia xic tac K,Hs,PW 1,04

Tylé | Ham lwgng | Ham lwgng | Coéng thirc thuc Tg“l)@ K¥ hiéu
K/Ply K (theo W (theo nghiém suy ra tir thue ch tac
thuyet | AAS), % ki | AAS), % ki két qua do A

nghiém
1,0 2,71 69,36 K2,21H070PW 12049 2,21 K2,21Ho79
1,5 2,12 69,05 K2,23H077PW 12049 2,23 K2,23Ho 77
2,0 2,74 68,89 K2,25H075PW 12049 2,25 K2,25Ho 75
2,3 2,76 68,05 K220Ho71PWi12040 | 2,29 | Kyo9Ho7
2,3 2,86 65,95 K2,4sHo55sPW12040 | 2,45 | KpasHoss

Cac ké"g qua trong bang cho thdy, cho du ty 18 khéi luong K/P theo 1y
thuy€t thay doi thé nao (tu 1,0 dén 2,5) thi ty 1¢ K/P suy ra tur cong thure thirc
nghiém cling chi nam trong khodng tur 2,2 dén 2,5.

Isotherm Linear Plot

—— VCN-BT-08 orp
—— VCN-BT- 33 I:e_»orp

q.-em'@Lw )

Hinh 3.17. Puwong hip phu

"'Hi;.é""” NI R

dang nhiét N,-BET ciia xiic tic

Quantity Adsorbed (cm¥g STP)
o s

I(2,25'_'0,75

o4 05 123
Relative Pressure (P/Po)

Puong hap phu dang nhiét clia mau xUc tac K2,25Ho, 75 trén hinh 3.17 c6
hinh dang dugc x&p vao loai duong dang nhiét dang IV, dong thoi hién duong
tré. Piéu nay cho thay xuc tac thudce loai vat liéu mao quan trung binh
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Anh SEM cua céc xuc tac (hinh 3.18) cho thay, cac tiéu phan xuc tac co
dang hinh cau, khong dong déu trong cting mot mau. Tuy nhién cau tric hat cia
cac mau 13 twong ddi gidng nhau.

€ K3,25H0,75 = KpasHogs,

(M, LAO) 1/30/2015 -
Hinh 3.18. Anh SEM cac mau xuc tac Kg 21H0 79, K2 25H0 75 va K2 45H0 55

DPé xac dinh tinh bén nhiét cua xtc tac, mot trong s6 cac mau xuc tac da
duoc lua chon (mﬁu xuc tac K sHo 75). Két qua (hinh 3.19) cho théy cO su mat
khéi lwong xtc tac trong khoang tir 40°C dén 150°C 1a do sy mét nudc trén bé
mit xtc tac. Tuy nhién, diéu de’mg cha y & déy 1a co su mat khéi luong cia xuc
tac bat dau tr nhiét do khoang 440°C. Piéu nay cho thay, da c6 su phan hity mudi
¢ nhiét d6 nay. Két qua nay rat dang luu y va goi y rang phuong phap TPD-NH,
dé xac dinh ndng d6 tam acid co thé s& khong phu hop voi ho xtic tac HPA. That
vay, nhiét do qua trinh nha hap phu NH; (tir khoang 550°C - 591°C) cao hon
nhiéu so v&i nhiét do bat dau phan hay ctia mudi HPA, KPW (440°C). Piéu d6
chtng t6, & nhiét do nay, mot phan mudi di bi phan hay. Vi vay, sé liéu do dugc
c6 thé di khong phan anh ding ban chit acid ctia mau.

1004 2345
1000

0
995

=

Hinh 3.19. Gian d6
phéan tich nhiét cia xic
tac Ky o5Ho 75

985

Wieight % (%) ——— ———
Heat FlowvEndo Down (mA) — —

=
=

%5

4517 -087
4045 100 180 200 250 300 390 400 430 500 590 o818
Temperature (°C)
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Bflng 3.5. Dir liéu TPD-NH;; cua xdc tac HPA va K2125H0175

cnp A Lwong NH;3 A A

X(c tac NBiEAE | phy Nong 49
(C) (ml NH/g) (mmol H'/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

Koo Peak 2 297,9 0,0826 0,0042

22507075 | Ppeak 3 578,7 0,6447 0,0326

Tong 0,9081 0,0460

Tir nhan dinh ndy, viéc xac dinh nong d6 tam acid bang phuong phéap hap
phu NH; (6 100°C) da dugc thyc hién.

Két qua nghién cru anh hudng cia ty 1& ion dugc trao do6i trong xuc tac
K,H3.xPW 1,040, dén ciu trac xép va mat do cta tAm H' cua xtc tac duogc trinh
bay trong bang 3.6. Mac du ty 1¢ K/P, (hay ty 1¢ H/P trong mét don vi Keggin)
trong cac mau diéu ché dugc thay doi khong nhiéu nhung dién tich bé mit riéng
ctia cac mau lai thay doi dang ké. Piéu nay dan dén su thay d6i mat do proton bé
mat cua xuc tac.

Bang 3.6. Anh hwéng ciia ty 1é ion dwgc trao doi dén cAu tric x0p va mat do taim H'

S NH; hap phu & Mat do

Xuc tac | Ty 1¢ H/P (m%jT) 100°C tam H*
g (10 mmol/q) (10 mmol/m?)

Kz 21Ho.79 0,79 61,12 158,85 2,6
Kz 23Ho.77 0,77 75,57 196,48 2,6
Kz 25Ho 75 0,75 104,57 271,88 2,6
Kz 26Ho 71 0,71 116,07 208,93 1,8
K 45Ho 55 0,55 123,88 173,43 1,4

Mot diéu dang chi y 1a khi ty 1¢ ion trao ddi thay doi trong khoang tir 2,21
dén 2,25 (twong tGng véi ty 16 H/P 13 0,79 dén 0,75), mat d6 tdm acid khong bi
anh huong boi ty 16 ion trao d6i va dat gid trj 2,6.10° mmol/m?. Trong khi d6, &
ty 1¢ ion trao d6i tang lén, trong khoang 2,25 dén 2,45 (twong tng véi ty 18 H/P 1a
0,75 dén 0,55) mat do tam acid bi anh huong kha manh bai ty 1& ion trao d6i va
giam tir 2,6.10° mmol/m® xubng 1,8.10° mmol/m?® va 1,4.10”° mmol/m®. Néu gia
thiét rr:fmg cac xuc tac KyHsPW1,04 duoc tao thanh tir viéc phan tan cia HPA
trén mudi trung tinh K3sPW;,04, co thé hiéu réng cic chat xuc tac ¢o ty 1¢ trao
d6i 1a 2,21; 2,23 va 2,25 c6 nhiéu 16p acid HPA pha trén mudi trung tinh
K3PW,,04 nén mat d6 tdm acid 1a nhu nhau. Khi tiép tuc ting ty 1¢ trao déi 1én
2,29 va 2,45, mat d6 tam acid giam do chi c6 don 16p HPA trén mubi trung tinh
KsPW1,04 trong khi dién tich bé mat riéng lai ting tir 116,07 dén 123,88 m?/g.
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Két qua danh gia hoat tinh cta cac xuc tac di thé K221Ho79, K223H0o 77,
K2,25H0,75, K2129H0,71, K2’45H0’55 SO vO1 xXuc tac dé)]flg thé HPA, trong phél’l ﬁ'l’lg ester
hoa 2-KLGA véi methanol, ¢ cung diéu kién, duoc trinh bay trong hinh 3.22.

Két qua cho théy, cac xuc tac di thé duoc khao sat déu co hoat tinh it nhiéu
thép hon so v&i hoat tinh cta xuc tac déng thé HPA. Nhom 3 xuc tac Ky 23Ho 77,
K221Ho 79 va Kj25Hg 75 cho hiéu suét phan g ester hoa xép xi nhau, dat gia tri
96,7%, 97,5% va 98,0% sau 420 phut, khong thap hon nhiéu so voi hiéu sut tao
ester trén xtc tac dong thé HPA tai cung thoi diém.

100 1

Hinh 3.22. P$ chuyén hoa
= ¥ 2-KLGA trén xuc tac KPW va
% ] HPA
N (Piéu kién phan tng:
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Z N e khuay=500 vong/phut; ty I¢ mol
8 o — K2,45H0,55 KLGA/methanol=1/24; ty 1¢ tam
o oA XT/NL=0,0408)
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Nhu vay, viéc trao ddi ion H* véi ion K* khong nhiing da di thé hoa duoc
xuc tac HPA déng thé ma con dam bao cho xuc tac K5 25Hp 75 €6 hoat tinh khong
thua kém nhiéu so v6i hoat tinh ctia xtic tac dong thé. Hoat tinh khac nhau giita
cac xuc tac dugc giai thich la do mat d§ tam acid khac nhau gilra cac xuc tac
(bang 3.6). Xuc tac K;25Hg 75 ¢ hoat tinh cao nhat, tuong Ung voi mat do tam
acid cao nhat trong nhém xuc tac tong hop duoc.
3.3.1.4. Anh huéng ciia ban chit ion trao déi

Két qua phan tich thanh phin nguyén t6 cta cic mau xic tic trén co sO
cation trao ddi 1a Rb*, Cs* so voi cation trao doi K*, bang phuong phap AAS
duogc trinh bay trong bang 3.7.

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

Cone thite mA Ham lugng cac Cone thite m3
ong thirc mau nguyén t6 theo ong thirc mau K¥ hitu xa
, o, , Y y hi¢u xuc
Xuc tac tl}eo ly AAS (% Kl) xuc tac tl}?o thue thc
thuyet nghi¢ém
M W
KoHPW1,04 2,74 68,89 K2,25H0,75PW12049 K2,25H0.75
szH PW12040 556 64,05 Rb2724H0776PW12040 Rb2124H0176
Cs;HPW 1,049 8,61 63,25 Cs226H0,77PW12040 | CSp.26H0,77
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Intensity (a.u)

Két qua cho thiy luong ion kim loai héa tri I trao doi v6i ion H' trong HPA
dé)l vOl1 cac mﬁu Xuc tac K2,25H0,75, Rb2,2,4H0,76 va C32,26H0,74 la gé]fl tll'O'l’lg tu nhau,
1an luot 1a 2,24; 2,25 va 2,26, tuong tmg véi Rb, K, Cs.

Gian d6 nhifu xa tia X ctia cac xuc tic duogc trinh bay trén hinh 3.23 cho nhimng
peak sic nhon, twong dong voi gian d6 nhiéu xa cua HPA. Cac peak chinh twong
ng voi cac mat phan xa manh nhat dac trung cho cau triic Keggin. Diéu nay chimg
t6 cac mudi K, Rb, Cs cia HPA van gitt dugc cAu trac Keggin cia HPA. Tuy nhién,
c6 su dich chuyén nhe cta cac peak tai goc nhifu xa 26 = 10,8% 22°% 27°% 31° va
36,5° so véi cac peak cua HPA. Két qua nay duogc giai thich 1a do sy trao ddi ion H'
trong phén tir HPA bang cac ion K*, Rb*, Cs* ¢6 ban kinh nguyén tir 16n hon da it
nhiéu 1am thay doi khoang cach gifta cac mit mang. Diéu dé chimg to cac ion K,
Rb*, Cs" da dugc dua vao mang tinh thé thay thé mot phan ion H'.

Hinh 3.23. Phé XRD ciia

1 I | .ll. b b b cic mAu xiic tac:
(@) HPA; (b) Kz25Ho75; (C)

e i I | l ¥, () Rb224Ho 76 va (d) Cs; 26Ho 74

IIIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIIII

0 20 40 60 80
20 degree

Két qua do pho hong ngoal (hinh 3.24) cua xuc tac K, 25Ho 75, RD2.2 4Ho 76
va xuc tac Cs;,6Ho 74 déu xuét hién cac peak dac trung clia ciu tric Keggm va
trung vo1 peak cua HPA. Piéu nay mot 1an nita cho thay qua trinh di thé hoa xtc
tac trén co s& HPA van giit duoc cau tric Keggin cia HPA.

Hinh 3.24. Pho IR cia cac
o mau xic tac:

T (a) HPA, (b) K2,25H0,75; (C)
Rb2,24H0,76 va (d) Csy26Ho74
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Két qua nghién ctru anh hudng ciia ban chat ion trao d6i dén tinh chat x6p
cua xuc tadc dugc trinh bay trong bang 3.8, cho thay dién tich bé mat riéng cua
K2 25H0 75, Rb2 24H0 76 va CS2 26H0 74, dll'O’C dlell che tr cac cation trao dOl khac
nhau, 1a khac nhau. Tuy nhién, thé tich 15 xop cia xtc tac RbypHo7e Va
Csy.26Ho.74 1a tuong duwong nhau, twong tng 1a 0,10 va 0,11 cm®/g, trong khi thé
tich 16 xép cua xuc tac K;,5Hg 75 nhd hon (0,06 cm3/g) va dién tich bé mat riéng
cua cac 16 xép dang mesopore cta xtic tac K »sHg 75 it hon rat nhiéu so véi 2 xuc
tac RD.24Ho 76 VA CS,.26H0 74 hay Ndi khac di, dién tich bé mat riéng cua cac 16 xp
dang micropore cua xuc tac K;5Hg 75 lai cao hon so véi hai xtic tac con lai. biéu
nay ciing phan nao cho thdy su khac nhau giita tinh chat xp cia Xuc tac
K2,25H0’75 so vO1 2 xuc tac Rb2’24H0'76 va 052,26H0,74.

Bang 3.8. Dién tich bé mit riéng ciia xiic tac c6 ion trao ddi khac nhau

X SBET Smeso S @
Mau XT pores
au mig) | @emig | mig) | iy | (om)
KossHors | 104,56 0,06 17,08 77,76 2,30
Rby24Ho 76 118,86 0,10 39,18 60,81 3,37
CS2.26H0.74 112,08 0,11 28,95 67,14 3,93

Quan sat trén anh SEM (hinh 3.26) cta ba xtc tac cho thdy ca ba xuc tac
déu c6 cac tiéu phan dang hinh cau, trong do, kich thudc cac tiéu phan cua xuc
tac Ky 5Ho 75 it nhiéu 1én hon kich thude cac tiéu phan cda hai xuc tac con lai.
Ngoai ra, xuét hién hién tuong két tu cua cac tiéu phén cua hai xuc tac Rb;4Ho 76
va Cs; 26Ho,74.

Hinh 3.26. Allh SEM cua xuc tac K2'25H0'75 (a), Rb2124H0,75 (b) va C82,25H0,74 (C)

Qua trinh ester hoa 2-KLGA v&1 methanol trén cac xuc tac Ky asHo 7s;
Rb;24Ho 76 va Csz26Hg 74 (hinh 3.27) cho théy, trong khoang 30 phut phan tng dau
tién, xuc tac Cs, ,6Hp 74 ¢6 hoat tinh cao hon hoat tinh xuc tac K, »,5Hg 75 va xac tac
Rb; 24Ho 76. Trong khoang thoi gian tir 30 phut trd di, hoat tinh xuc tac Cs; 26Hg 74
luén ludn cao hon han so véi xuce tac Rb; 24Ho 76. Ngoai ra, diéu dang chu y 1a xuc
tac K 25Ho 75 cling ¢6 hoat tinh cao hon hoat tinh xtc tdc Rb; 24Hg 76. Su thay doi
hoat tinh khong theo trat tuy thay doi ban kinh nguyén tir ctia ion trao doi 1a réat
kho giai thich nhung phu hop véi mot sb két qua cong bod.
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Két qua trén hinh 3.27, nhan thy ¢ cac thoi diém ban dau ciia phan tng,
do chuyén héa trén xtc K sHg 75 thép hon nhiéu do chuyén hoéa trén xUc tac
Csz26Ho74 & cung thoi diém. Diéu nay co thé duogc giai thich 1a do xac tac
Cs,.26H0 74 €0 kich thudc mao quan rdng hon so vdi xuc tac K; ,5Hg 75 s€ uwu tién su
khuyéch tan cuia cac chat phan g trong mao quan, dan dén lam tang kha ning
tiép xuc gitra chat phan tng va cac tim hoat tinh.

Tuy nhién, do xuc tac K;,sHo, 75 duoc tong hop tu’ nguon nguyen liéu KCl
san co, gia thanh thip hon so véi ngudn nguyén liéu mudi Cs dé tong hop xuc tac
Cs3.26H0 74 N€N xUc tac Ky 25Hg 75 duoc Iya chon cho nghién ctru tlep theo.

3.3.2. Nghién ctru phan wng ester héa 2-KLGA véi methanol trén xic tac K, ;sHg 75
3.3.2.1. Anh hwéng ty 1é tam XT/NL

90

Hinh 3.28. Anh hwéng cia ty

1é tAm xtic tac/nguyén liéu dén

dd chuyén héa 2-KLGA

(Piéu kién phan ung:

Nhiét d6=65°C; toc d6 khuay=500

—o— Ty 18 tam XT/NL=0,0136 vong/phut; ty 1¢ mol

T34t XTAL=0 0608 KLGA/methanol=1/24)

=&~ Ty lé tam XT/NL=0,0544
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Tir hinh 3.28 ta thdy khi ty 1 tim XT/NL tang tir 0,0136 dén 0,0408, sau
420 phut phan tng, 46 chuyén hoa ting 56,7% dén 98%. Tiép tuc ting ty 1& thm
XT/NL 1én 0,0544, @6 chuyén hoa hau nhu khong ting va dat gia tri twong duong
voi1 do chuyén hoa ¢ ty 1€ tam XT/NL 1a 0,0408, sau 420 phut. Nhu vay, gia tri ty
1¢ tam XT/NL thich hop cho phan ung ester hda 2-KLGA véi methanol 1a
0,0408.
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3.3.2.2. Anh hwéng cia ty 1¢ 2-KLGA/methanol

Trong loat thuc nghi€ém nay, cac phan ung ester hoa 2-KLGA véi methanol
dugc tién hanh & 65°C trén xuc tac K psHo7s, vOi cac ty 16 mol 2-KLGA/mol
methanol 1an lugt 1a 1/24, 1/48, 1/96, 1/192, 1/384, 1/720, 1/1440. Két qua thu
duogc (hinh 3.29) cho thay lwong san phim cta phan tng sinh ra ¢ moi thoi diém,
& céc ty 18 chat phan tng khac nhau 13 twong duong nhau. Piéu d6 chi ra rang ty
1¢ mol ciia 2-KLGA/methanol khong anh huéng dén do chuyén hoa ctia phan tng
ester hoa 2-KLGA.
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Hinh 3.29. Anh huéng cia ty
1€ mol 2-KLGA /methanol
dén d6 chuyén hoa 2-KLGA
(Diéu kién phan tng:

Nhiét d6=65°C; téc d6 khudy=500
vong/phut; ty 1€ tam
XT/NL=0,0408)

Vi vay, ty 1é¢ mol 2-KLGA/methanol 1a 1/24 (mol/mol) la su lua chon thich hop.

3.3.2.3. Anh hwéng nhiét dé phén g

D6 chuyén héa 2-KLGA (%)

100 A

90 4

80 4

70 A

60 A

50

40 A

30 4

20

10

0
0

50

100

150

200

250 300 350

Thei gian phan trng (phut)

400

450

Hinh 3.30. Anh huéng ciia
nhiét do dén d6 chuyén héa
2-KLGA
(Piéu kién phan tng:

Tbc do khudy=500 vong/phut;
ty 1€ mol KLGA/methanol=1/24;
ty 1é tm XT/NL=0,0408)

Két qua khao sat cho thdy ¢ nhiét do 45°C, d6 chuyén hoa cua 2-KLGA
thap, dat gia tri 28,8% sau 420 phat. Tai nhiét d6 55°C, d6 chuyén héa cua 2-
KLGA, sau 420 phlt phan tng, dat gia tri 75,1%. O nhiét d6 65°C, 6 chuyén
hoa 2-KLGA, ¢ cung thoi gian phan tng 420 phit, dat gia tri 98%. Tur két qua
khao sat trén, nhiét do thich hop cho phan umg ester hoa 2-KLGA duogc lua chon 1a
65°C (nhiét do hoi luu ctia hdn hop phan tng).
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3.3.2.4. Anh hwéng toc dp khudy

100 ~
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Hinh 3.31. Anh huéng cla toc
do khuay deén do chuyén hoa
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Céc dd thi dugc biéu dién trén hinh 3.31 cho thay do chuyén hoa cia 2-
KLGA ting nhe khi ting téc do khudy. O toc d6 khudy 300 vong/phut, do chuyén
hoa cia 2-KLGA dat 90,5% sau 420 phut. Thay d6i toc do khudy l1én 500
vong/phut, do chuyén héa san pham dat 98% sau cung thoi gian phan tng. Piéu
nay c6 thé duogc giai thich 1a do khi ting toc d6 khudy, xac suat va cham giira cac
ciu ttr chat phan (mg va chat xdc tic ting lén, 1am ting kha ning phan tng. Vi
vay, tdc do khqu 500 vong/phut da dugc lya chon.

3.3.2.5. Khdo sdt tinh chdt dj thé ciia xiic tic K, ,sHo 75
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90 A

Hinh 3.32. P chuyén hoa
2-KL.GA trong truwong hop
khong st dung xuc tac, c6 xuc
tac, loc bo xuc tac
(biéu kién phan tng:

e Khong XT Nhiét d6=65°C; ty 1& mol
~=— X tac K2,25H0,75 KLGA/methanol=1/24; ty 1¢ tam
=&— Khong XT sau 120 phut XT/N L:o’0408)
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Khi khéng st dung xuc tac, phan tng dién ra vo cing cham, dat d6 chuyén
hoa khong qua 5% sau 420 phut phan ng. Trong truong hop st dung xuc tac
K 25Ho 75, toc d0 phan tng thay ddi 5 rét, thé hién qua d6 chuyén hoa ting nhanh
trong giai doan dau va dat gia tri d6 chuyén hoa tuong tmg sau 120 phut va 420
phut phan ng 1a 50% va 98%. Trong truong hop loc tach xuc tac ran khoi hén
hop phéan tng & thoi diém 120 phut phan tmg roi tiép tuc phan Ung ma khong co
XUC tac, d6 chuyén hoa thay doi hau nhu khong déng ké trong sudt thoi gian phan
g tir lac loc tach xuc tac, cho dén 420 phut.

Két qua nay chimg to xtic tic ran K;,5Hg 75 khong bi phai mat pha hoat tinh
vao mdi trudng phan Gmg va day thuc su 1a xtc tac di thé trong phan tmg ester hoa
2-KLGA véi methanol.
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3.3.2.6. Khdo sdt dé bén hoat tinh ciia xiic tic

Pé khao sat do bén hoat tinh ctia xuc tac théng qua viéc khao sat kha ning
tai st dung xuc tac K sHg 75, tién hanh phan tng este hoa dén khi tiém can can
bang (420 phut) rdi loc tch xuc tac, rira bang methanol, say & 100°C trong vong
3h. Xtc tac duoc tai sir dung cho cac thuc nghiém tiép theo.
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9
&0 | Hinh 3.33. Hoat tinh cia xtc
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60 / tai str dung
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Két qua dénhq gia do 6n dinh hoat tin}l cua xuc tég K2125H0,75, trong ba lan
tai sur c}ung du:Q’g thé hién trén hinh 3.33. Két qua cho théy, hau nhu khong c6 su
thay do1 dang ké v€ do chuyén hoda 2-KLGA trong céc lan tai st dung xuc tac.

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

Sy anh hudng ctiia pH dén qua trinh lacton hoa Me-2KLG duoc khao sat tai

nhiét do 65°C, thoi gian phéan (mg 2 gio.
Bang 3.9. Anh hwéng ciia pH dén qua trinh lacton héa
pH =7 pH=9 pH=11

Hiéu suat phan tng theo

natri ascorbat (%) 88,06 99,48 77,63

Nhu vay, két qua khao sat anh hudng cua pH t6i qué trinh lacton hoa Me-
2KLG cho thay, moi truong pH = 9 1a thich hgp cho phan tng nay
3.4.2. Anh hwéng ciia nhiét dd
Anh hudng cua nhiét do dén qua trinh lactgn hoa Me-gKLG duoc khao sat ¢
thoi gian phan tng 2 gio, pH = 9, nhiét do thay doi tir 40°C dén 65°C.
Bang 3.10. Anh hwoéng cia nhiét do dén qua trinh lacton héa
T°C=40 T°C=50 T°C=65

Hiéu suét phan tng theo
natri ascorbat (%)
Nhiét d6 phan tng c6 anh hudng kha 16n dén qua trinh lacton hoa cua Me-

2KLG. O nhiét do thdp hon nhiét d6 hdi luu cta dung méi (65°C), san pham thu

duogc ¢ chira nhiéu tap chit. Vi nhiét 6 hoi luu 13 phi hop d6i voi phan tmg nay.

61,67 80,34 99,48

20



3.4.3. Phan tich céu tric san pham natri ascorbat

Tinh thé chit ran thu duoc sau khi két tinh hdn hop san phdm cta qua trinh
lacton dugc phan tich ciu tric bang cac phuong phap nhidu xa tia X, phd hong
ngoai va phd cong hudng tir hat nhén.

Két qua do nhidu xa tia X cta san phadm thu duoc gan nhu trung khit véi
gian dd chuan cila natri ascorbat ciu truc tinh thé orthorhombic.

Phé IR cua chat ran tong hop duoc (hinh 3.44) xuat hién cac dinh dic trung
cho cac nhdm churc trong phén tir natri ascorbat.

&Transm arce

4000 500 000 2500 000 1500 1000 500
"W anerambers (om-1)

Hinh 3.44. Pho hong ngoai ciia sin pham natri ascorbat
Trén phd *C-N MR cua san pham natri ascorbat (hinh 3.45) xuét hién 6 peak
ung vo1 do dich chuyén hoa hoc khac nhau dac trung cho 6 nguyén tir carbon
trong natri ascorbat.
Cs Cs

Cs Na*'O  OH Cs

180 170 160 150 140 130 120 110 100 % 80 70 ppm
Hinh 3.45. Phé “*C-NMR ciia san phiam natri ascorbat
Nhu vy, céc két qua thu dugc cho phép khang dinh san pham thu duoc sau
qua trinh lacton héa methyl 2-keto-L-gulonat Ia muoi natri ascorbat.
3.5. TINH CHE VITAMIN C VA PANH GIA PQ TINH KHIET CUA SAN PHAM
3.5.1. Acid hoa mudi natri ascorbat thanh acid ascorbic

San pham natri ascorbic tong hop duogc tir qua trinh lacton hoa dugc tién
hanh acid hoa bang nhya trao d6i ion nham thu dugc acid ascorbic tho.
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Bang 3.10. Két quéa phén tich ham lwong Na* bing phwong phap quang pho ké

Ham luong Na™ (mg/l)

Nat(i ascorbat
(doi chung)

Nat[i ascorbat
(tong hop)

San pham sau
trao doi lan 1

San pham sau
trao doi lan 2

9,7 <05

45,3 93,4

Két qua phéan tich ham lugng Na* trong mAu natri ascorbat tong hop duoc
nhiéu hon so véi mau natri ascorbat thuong mai. Pidu nay c6 thé dugc giai thich
1a do natri ascorbat tong hop dugc con bi 1an NaOH du sau qua trinh lacton. Sau
hai 14an trao d6i ion ham luong Na* con dudi 0,5 mg/l. Chimg t6 NaOH di bj loai
va hau hét natri ascorbat dd dugc chuyén héa thanh acid ascorbic.

3.5.2. Tinh ché va két tinh acid ascorbic

San pham thu dugc sau qua trinh acid hoa gan nhu khong con chira ion
Na’. Sau d6 tién hanh loai mau dung dich san pham bang than hoat tinh. Tiép
theo, dung dich thu dugc sau khi loai mau duoc két tinh lai, sdy ¢ nhiét do
khoang 40°C, khong c6 khong khi am, trong thoi gian 24 gio.

3.5.3. Panh gia chat lwong san pham acid ascorbic

Két qua do nhidu xa tia X cua mau ascorbic tong hop duoc gan nhu
tring khit véi gian d6 chuan cua acid ascorbic.

Pho IR (hinh 3.47) xuét hién cac dinh dic trung cho cic nhém chirc trong
phan tir acid ascorbic.
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Hinh 3.47. Pho hdng ngoai clia miu ascorbic
Pho *C-NMR ciia mau acid ascorbic thanh pham (hinh 3.48) xuat hién 6
peak & cac do dich chuyén hda hoc khac nhau trng vai 6 nguyén tir C trong phan
tur acid ascorbic.
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Hinh 3.48. Phd *C-NMR cua ascorbic

3.5.3.2. Ddnh gid chit lwong ascorbic

Mau ascorbic tong hop duge da duoc kiém nghiém tai Trung tim kiém nghiém
Ha Noi duoc danh gia theo tiéu chuan kiém nghiém san pham ctia Dugc 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.

Biang 3.12. Két qua kiém nghiém miu ascorbic theo Dugc dién Anh

ST

Chi tiéu va tiéu

T chuén 4p dung Keét qua Yeéu cau
1 | Tinh chat Dat Tinh thé khong mau hay bot két tinh trang hodc gin
nhu trang, bi bién mau khi ti€p xuc voi khong khi, anh
sang va am; de tan trong nudc, tan trong ethanol 96%;
chay ¢ khoang 190°C dong thoi phan huy
2 | Pinh tinh (nhém II:
A, C, D):
A.Podohipthutir| Dung | A (1%, lecm) & 243 nm nam trong khoang 545 dén
ngoai (557,2) | 585
C.Po pH Pung | pH tir2,1 dén 2,6
D. Phan trng héa hoc Pung | Ché pham phai c6 phan tmg ctia Acid ascorbic
3 | B trong va mau sic Pat Phai dat qui dinh
4 | Acid oxalic Dat Khong dugc qua 0,3%
5 | Tro sulfat Pat Khoéng duge qué 0,1%
(0,03)
6 | Kim loai nang Dat Khéng dugc qua 10 ppm
7 | Géc quay cuc riéng Dat Tir +20,5° dén +21,5°
(+21,1°)
8 | Dinh lugng bat Ham luong acid ascorbic trong ’ché' 7ph§m phai dat tur
(100,2%) | 99,0% dén 100,5% tinh theo ché pham da lam kho
9 | Gio61 han Fe Pat Khong qua 2,0 ppm
10 | Gi6i1 han Cu Dat Khong qué 5,0 ppm
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KET LUAN

1. b4 tong hop du:0’c xUc tac carbon sulfonat hoa tir mun cua, c6 dién tich
bé mat riéng 16n (197 m ’/g), tng dung trong phan Ung ester hoa 2-KLGA voi
methanol, cho hiéu suét phan tng cao twong duong (hi¢u suit san pham dat
93,3%) xtc tac thuong mai Amberlyst-15 (hiéu suat san pham dat 96,0%). Két
qua nay gop phan tao ra cac hé xtic tic méi c6 hoat tinh cao cho cac phan tng sir
dung xuc tac acid n6i chung va phan tng ester hoa 2-KLGA noi riéng.

2. B tong hop dugc xtc tac zirconi sulfat hoa, tir hoa chat tinh khiét va tur
tinh quing zircon Viét Nam, c6 dic trung tinh chat twong dwong nhau va c¢é hoat
tinh cao cho phan tng ester hoa 2-KLGA vé&i methanol (hiéu suét san pham dat
99,9%). Két qua nay mé ra huéng ing dung ctia xtc tac duge diéu ché tir ngudn
nguyén liéu sin c6 trong nurdc, hira hen c6 gia thanh canh tranh.

3. Nghién ctru mot cach hé théng va d3 xéac dinh duoc diéu kién thich hop
dé tong hop xuc tac di da acid trén co sé acid 12-phosphotungstic dung cho phan
ung ester hoa gitta 2-KLGA véi methanol 1a xtic tdc K 5Hg 75PW1,040, & céc
diéu kién: nhiét do phan Ung trao ddi ion 50°C, tbc d6 nho giot 0,6 ml/phut, tdc
d6 khudy 600 vong/phut.

4. ba sur dung cac phuong phap vét Iy hién dai nhu: TGA-DTA, AAS,
BET, XRD, IR, TEM, SEM-EDX, TPD-NHj;, hap phu NH;3 dé déc trung tinh chat
cua cac xuc tac tong hop dugc.

5. Khao sat va lua chon dugc cac diéu kién thich hop cho phan tng ester
hoa gitra acid 2-KLGA véi methanol trén xtc tac K;5Hg 75PW1,049 12 ty 1€ tdm
XT/NL = 0,0408, ty 1¢ 2-KLGA/methanol = 1/24 (mol/mol), nhiét d§ phan ung
65°C, toc d6 khudy 500 vong/phut.

6. Pa xac dinh dugce cac diéu kién thich hop cia qua trinh chuyén hoa
methyl 2-keto-L-gulonat thanh vitamin C: giai doan lacton héa methyl 2-keto-L-
gulonat tién hanh ¢ nhiét do 65°C, trong 2 gid, pH = 9; giai doan acid héa natri
ascorbat sir dung nhya trao ddi ion H; giai doan tinh ché st dung than hoat tinh
dé loai mau va sau do két tinh, sy ¢ 40°C trong 24 gid dé thu duoc san pham
vitamin C.
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