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Tom tit. Mot phuong phap xanh va bén viig dé tong hop poly(furfuryl alcohol) (PFA) dugc tién hanh
bang cach st dung dung méi la chét long ion. Ba hé chat long ion da dugc nghién ciu cho qua trinh triing
hop cua furfuryl alcohol (FA). Dit liéu thuc nghiém dé chirng minh rang hdn hop chét long ion cua ethylene
glycol va zinc chloride (ZnCl,) duoc sir dung hiéu qua dé trang hop FA ma khong can bat ky dung mdi va
chat xuc tac c6 tinh acid nao khi so séanh véi cac phuong phép truyén théng khéac. Cac dic trung ciia PFA
t6ng hop duoc danh gia thong qua cac phuong phap phan tich hién dai nhu FT-IR, 'H-NMR, va 3C-NMR.
S6 lieu khao sat dong hoc phan &ng thé hién téc do tring hop caa FA trong chét long ion tuan theo mé hinh
gia bac hai. Biém mai ciia nghién ctu nay 12 tan dung duoc vai trd cua chat 1ong ion, mot dung méi “xanh”
va than thién voi méi trudng, nhu mot chét xic tac.

Tir khoa: poly(furfuryl alcohol); chat long ion; su triing hop; chét xdc tac

GREEN SYNTHESIS OF POLY (FURFURYL ALCOHOL) USING ION LIQUID

Abstract. A green pathway for the synthesis of poly(furfuryl alcohol) (PFA) was carried out using ionic
liquid as a solvent. Three ionic liquid systems have been studied for the polymerization of furfuryl alcohol
(FA). The results demonstrated that ionic liquid mixes of ethylene glycol and zinc chloride have been
effectively used for FA polymerization without any acidic solvents and catalysts in the comparison with
other traditional methods. The characteristics of the synthetic PFA were studied using modern analytical
methods such as FT-IR, *H-NMR, and 3C-NMR. Reaction kinetic data showed that the polymerization rate
of FA in ionic liquids follows the pseudo-second-order model. The novelty of this study is to use ionic
liquid, a "green" and environmentally friendly solvent, as a catalyst.
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1. GIOI THIEU

Gan day, chat Iong ion (IL) thé hé mai, khong chi co nhiéu tinh ning va dac tinh caa IL ma con khong doc,
ré tién, san co va diéu ché don gian, duoc dé xuat tng dung da dang trong cac linh vuc [1]. Bén canh vai
tro cuia chat long ion nhu 1a méi truong phan @ng [2], chat long ion thé hé méi con duogc st dung dé chiét
xuét, phan tach va tng dyng trong hoa hoc phan tich [3]. H3n hop chat long ion thé hé méi ¢6 thé duoc ing
dung lam xuc tac cho phan ung tong hop hitu co [4] hodc ung dung trong dién hoa [5]. Chat long ion thé
hé méi ciing duoc coi 1a nguyén ligu tiém ning cho cac chién lugc bén viing trong xir Iy nudce, ning lugng
sach va cdng nghé sinh hoc [6].

Furfuryl alcohol (FA), mot trong nhitng hop chat trung gian hda hoc quan trong vei nhiéu ng dung khac
nhau, dugc tong hop tryc tiép tir furfural, mot ngu0n doi dao tir sinh khéi [7]. FA 1a mot hop chat di vong
c6 chira oxy va nhom hydroxymethyl lam cho n6 hoa tan dugc trong nu6c [8] Su hién dién cta nhém
hydroxyl 1am cho FA c6 thé dugc polymer héa trong méi truong acid bao gém céc acid hiru co [9,10], acid
khoang [11], acid sulfuric [12], acid hydrochloric [13], va acid Lewis [14] dé tao thanh poly- (furfuryl
alcohol) (PFA). Thém vao do, PFA tong hop c6 kha nang tu ndi mach cao ¢ nhi¢t do moi truong daé tao
thanh polymer nhiét ran da trd nén hap dan ddi véi nhiéu tng dung bao gdm xur ly gd [15], keo nhiét rin
[16], bao v¢ anode nhdm [17], bé tong polymer [18], chat 1am cimng [19], va composite sinh hoc [20- 22].
PFA ciing dugc tan dung dé diéu ché carbon cé ciu triic nano dugc sur dung lam ray phan tir, mang, chat
xuc tac, dién cuc, tu dién [23]. Do PFA c6 nhiéu tng dung va ngudn nguyén lidu ban dau “xanh” cua FA,
phan wng tring hop cua FA van dang duoc nghién ciu [24]. Tuy nhién, nhu di dé cap & cac nghién cau
trugc day, hau hét PFA da dugc tong hop khi c6 mat chat xdc tac acid va dung mdi hitu co. Cho dén nay,
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FA van chua dugc polymer héa bang cach sir dung chét long ion thé hé méi c6 chirc niang ddng thoi nhu
chét xdc tac va dung moi.

Trong nghién cau ndy, lan dau tién ba loai chat long ion thé hé moi (ethylene glycol: ZnCl;, choline
chlorine: urea, urea: ZnCly ) dwoc sir dung dé tong hop PFA. Céc dic trung vé ciu tric cua PFA tong hop
dugc phén tich va dong hoc cta phan tng trung hgp FA dugc thao luan, cling nhu nang lugng hoat hda cua
phan tmg duoc tinh toan. Nghién ciru cho thay kha ning sir dung cac vai tro da chirc nang ctia chét long ion
thé hé méi. Nhitng két qua dat dwoc nay hira hen mot quy trinh “xanh”, don gian va tiét kiém thoi gian dé
tong hop PFA tir ngudn nguyén liéu tai tao.

O« _CH0H  EG : ZnCl, o Cszcmﬂ\
= <\_/7/ t° > (\—/7/ \/ n-?H
FA

So d6 1. Phuong trinh phan g tring ngung tao thanh PFA

2. THUC NGHIEM

2.1. Nguyén vat liéu

Choline chlorine (ChClI, > 98%, Alfa Aesar), kém chlorine khan (ZnCl., > 98%, Alfa Aesar), urea (> 98%,
Alfa Aesar) va ethylene glycol (EG, 99%, Alfa Aesar) dugc mua tir cac cong ty hoa chét Viét Nam. Furfuryl
alcohol (FA, 98%) va p-toluenesulfonic acid monohydrate dugc mua tir Merck (Viét Nam). Cac dung moi
va hoa chat khac co do tinh khiét cao duoc sir dung. Nudc khir ion dugc sir dung trong tat ca cac thi nghiém.
2.2. Tong hop PFA

DAu tién, chét long ion duoc chuan b theo ti 1& mol tir mot trong cac hdn hop EG: ZnCl: (4: 1), ChCl: urea
(1: 2), va urea: ZnCl; (3.5: 1) va duoc dun nong dén khi tao thanh hdn hop dong nhat. [25] PFA dugc téng
hop bang cach thém 0.3 gram chat léng ion vao 2.0 gram FA trong binh phan tng c6 khudy tir. Sau do,
hén hop dong nhat nay dugc khudy gia nhiét trong bé diéu nhiét. Sau thoi gian 8 gio, phan ung duoc ding
lai va dé qua dém & nhiét &6 phong. Polymer duoc cd lap bang cach hoa tan véi tetrahydrofuran va két tua
trong luong du nude khir ion. San pham duoc sdy tai nhiét o phong trong chan khéng cho dén khi trong
lwong khong doi.

2.3.Cac phwong phap phén tich

Phé hong ngoai bién doi Fourler (FT-IR) duoc thyuc hién bing may quang phd Bruker Tensor 27 (buc)
trong viing 4000-500 cm'®. Quang phé cong hudng tir hat nhan (*H NMR va *C NMR) thu duoc trén thiét
bi INM-ECP 400 (JEOL) st dung dung mdi de-DMSO.

KET QUA VA THAO LUAN

Bang 1 trinh bay két qua thi nghiém déi véi phan img tring hop FA xUc téc boi chat long ion duoc tao
thanh tir cac thanh phan khac nhau. Quan sat thay rang FA khéng thé bi tring hop boi hdn hop ChCl: uré
(1: 2) va urea: ZnCl, (3.5: 1) & 65 °C. Tuy nhién, chat léng ion tir hdn hgp EG: ZnCl, (4: 1) dong vai tro
nhu chét xic tac cho qua trinh tring hop FA & 65 °C trong d6 do chuyén hda FA dat 92% trong 8 gio. Do
do, hé EG: ZnCl, (4: 1) dugc chon cho nhiing thi nghiém tiép theo dé tong hop PFA ciing nhu khao sét
dong hoc cua phan tng trung hop FA.

Bang 1. Anh huong cua thanh phan chit long ion ddi véi phan tung tring hop FA?

Hé chat long ion Nhiét do phan tng Thoi gian phan tng Do chuyén hoa
(ti 1& mol) (°C) (h) FA (%)°
EG: ZnCl; (4:1) 65 8 92
ChClI: urea (1:2) 65 - -
Urea: ZnCl, (3.5:1) 65 - -

aTi lé khéj luong chat long ‘ion/FA la 15%.
D¢ chuyén hoa xac dinh bang phan tich trong luong.

Phé FT-IR cua polymer PFA duoc thé hién trong hinh 1. Cac dinh dic trung tai cac dinh peak 3127,1600,
1507, 1150, 1020, 794, 718 va 60Q cm* dugc cho la do dao dong cua cac vﬁmg furan ¢ polymer PFA dugc
chi ra nhu trong hinh 1. Céc dai hap thu tai 2930 va 1350 cm* la do sy bién dang cua cac nhdm chuc béo
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trong khi tin hiéu ¢ peak 3435 cm™ 1a tir dao dong dan ndi cia cac nhém hydroxyl trong PFA. Cac dinh hap
thu & 1711 va 1600 cm™ trong pho FT-IR caa PFA 1a tin hiéu dé phan biét polymer PFA va monomer FA,
nhitng dao dong nay xuit hién do sy dao dong dan ndi nhém carbonyl cua y-diketon va dao dong dién hinh
cua 2,5-diketone furan. Nhiing két qua chi ra rang FA da dugc polymer hda thanh cong trong chét long ion
EG: ZnCl, (4:1). Két qua pho FT-IR nay ciing tuong tu nhu két qua & cac nghién ciu khéc [26].
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Hinh 1. Phé FT-IR cua polymer PFA.

Cau trdc ciia PFA da dugc xac nhan bai phd 'H NMR. Nhu trong hinh 2, proton (H1, H2, H3) trong vong
furan ¢ 7.48, 6.32, va 6.11 (ppm) tuong ng. Con tai peak 3.93 ppm Ia proton caa nhom methylene (H4)
trén chudi chinh polymer. Can luu y rang PFA 1a hdn hop cua cac cau trdc polymer khac nhau do ty lién
két chéo va ngung tu. Do d6, dinh dic trung & 4.34 ppm duoc lién két véi proton methylene (H6) cua lién
két —CH,— O — CHy— gitra cac vong furan. Tin hiéu & peak 5.18 ppm c6 thé quy két cho proton (H5) nhém
—OH cudi mach caa chudi polymer.
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Hinh 2. Phd 'H NMR cua PFA

Pho 3C NMR ciia PFA dugc mé ta trong hinh 3. Céac dinh ¢ 154.1 va 109.9 ppm duoc tao thanh do carbon
(C6) va (C4) cua vong furan trong chudi polymer trong khi cac tin hiéu ¢ 143.5, 111.8 va 109.2 ppm la do
carbon & cac vj tri (C1), (C2) va (C3) cua vong furan & cudi chudi polymer. Tin hiéu cua ciu methylene
carbon (C5) ndi cac vong furan xuat hign & 29.7 ppm. Tin hi¢u & 65.1 va 60.9 ppm c6 thé duoc gan cho
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carbon methylene (C8) cua lién két —CH, — O — CH,— va carbon (C7) ciia nhém hydroxyl cudi mach —CH,
— OH. Vi tri céac peak thu dugc trong nghién ctru nay tuong thich vai vi tri cac peak tir nghién cau khac

[27].
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Hinh 3. Phd 13C NMR cua PFA

Anh huong cua ty 186 khdi lwong xuc tac va FA dén sy chuyén héa FA & cac nhiét do phan tng khéac nhau
mo ta trong dd thi 1. Phan tng tring hop duoc thuc hién trong chat long ion & 65 °C véi cac lugng khac
nhau cua chat long ion: 5, 10 va 15% khdi lugng. Dir liéu thyc nghiém chi ra rang su chuyén doi FA ting
khi tang ty 1& khéi luong chit long ion/FA. D6 chuyén hoa FA dat 57 va 74% tuong tng ham luong xdc
tac 5 va 10% khéi lugng sau 14 gio phan Gng. Tuy nhién, chi sau 8 gio phan tmg, d6 chuyén hoa FA c6 thé
dat t6i 92% tai 15% khdi luong xuc tac.
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D6 thi 1. Anh hudng cua ti 1¢ khdi lugng chat long ion/FA dén do chuyén héa cua FA

Céac md hinh dong hoc bac gia caa phan ¢ng tring hop FA trong chat long ion dugc khao sat thong qua dir
liéu thuc nghiém. FA da dugc thém vao mét lwong dinh trudc caa chat [6ng ion va hon hgp dugc khuay &
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65 °C. PFA dugc két taa trong mot luong nude du va duge 1am kho trong chan khong cho dén khi lwong
khong doi. Chuyén d6i monomer dugc tinh théng qua trong luong caa monomer ban dau va PFA thu dugc.
Dong hoc bac nhét trinh bay phuong trinh In[FA]o/[FA]: dudi dang ham thoi gian trong khi dong hoc bac
hai tuan theo phuong trinh 1/[FA]; = kt + 1/[FA]o trong d6 0 va t biéu thi thoi diém ban dau va tai thoi diém
t. Két qua dong hoc thé hién & bang 2 va bang 3. Dix liéu dong hoc dugc vé trong dé thi 2. Két qua cho
thiy rang dong hoc cua phan &ng tring hop FA tuan theo cac mé hinh bac hai véi hé sé hdi quy rat cao (R?
~0.99). Biéu nay phi hop véi bao céo trude dy coi ndng do ban dau ciia monomer 1a khong doi do phan
ung khong chira dung méi [28].

Bang 2. Céc thong s theo dong hoc bac nhat cho phan wng

DES 15 wt% DES 10 wt% DES 5 wt%

t (giay) In([FA]J/[FA]) | t(giay) | In([FA]J/[FA]) t (giay) In([FA]J/[FA]Y)
1800 0.09 1800 0.07 3600 0.03
3600 0.42 3600 0.19 10800 0.10
5400 0.75 18000 0.47 18000 0.28
7200 1.03 25200 0.72 25200 0.34
10800 1.37 32400 0.80 32400 0.41
14400 1.72 46800 1.03 50400 0.56

Bang 3. Céc thong sé theo dong hoc bac hai cho phan ung

DES 15 wt% DES 10 wt% DES 5 wt%

t(gidy) | 1/[FAJt | t(gidy) | V[FA]Jt | t(gidy) 1/[FA]t

1800 95.39 1800 92.79 3600 89.39

3600 132.64 3600 104.45 10800 96.33

5400 182.97 | 18000 | 138.52 18000 114,72

7200 244,15 | 25200 | 178.37 25200 122.26
10800 341.17 | 32400 | 193.86 32400 130.43

15{ (a) & DES 15wt%, k=8.627x10%, Ri=0.96978|  300{ (b)
® DES 10 wt%, k=1.618x10"%, R*=0.9558 /
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Db thi 2. Bong hoc bac nhét (a) va bac hai (b) cho phan wng triing hop FA sir dung EG: ZnCl, (4:1) nhu xuc tic

tai 65 °C.

3. KET LUAN
Chat l6ng ion EG: ZnCl; (4:1) duoc sir dung nhu mét dung mdi “xanh” va chat xuc tac hiéu qua cho qua
trinh tring hop FA. Chat long ion nay cho thdy sy chuyén hoa FA cao khi nhiét do phan éng tang tir 65 °C
dén 85 °C. Cau tric ciia PFA duoc phan tich céc dac trung béi cac phuong phap FT-IR, *H NMR, va **C
NMR, két qua thu duoc tuong tu nhu cac nghién ctru khac trude day. bong hoc cua phan ung trung hop
FA trong chat Idng ion tuan theo md hinh béc hai. Két qua da mé ra mot tiém ning 16n dé ung dung chat
long ion trong tong hop PFA.

LOI CAM ON

Téc gia chan thanh cam on Khoa Cong Nghé Hoéa Hoc, Trudng Pai hoc Cong nghiép TP.HCM di ho trg
cho nghién ctru nay.
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