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TOM TAT: Polyetylenterephtalat (PET) cé nguon gdc tir vo chai PET phé thai duwoc cho
phan iing véi Dietylen Glycol (DEG) tao thanh cdc oligome c6 phdn tir lwong khdc nhau phu
thuge ty 1é DEG/PET. Céu triic phén tir ciia san phdm duge xdc dinh bing LC-MS va phan tir
lugng con duoc xdc dinh bang phirong phdp dinh phdan nhém chire cudi mach. San pham cat
mach tir DEG/PET (ty 1¢ khoi lwgng 1/1) I mét hén hop chira cdc trime, pentame, heptame cé
hai dau la EG hodc DEG. Vén téc phan umg phan tmg ting theo ham legng xiic tac va phéan nr
heong giam khi tang ty 16 DEG/PET. Cé thé ding oligome lam nguyén liéu cho phan img bién
tinh tiép theo dé img dung trong PU/polyeste.

1.GIOI THIEU

Nhya polyetylenterephtalat (PET) 12 mét polyme k¥ thudt c6 do bén cing va bén va dép,
d6 khang héa chét, d trong va kha ning gia cong rat tét. Do d6 PET ngay cang dugc sir dung
phé bién 1am chai lo chira chdt 16ng nhu nuée tinh khiét, nude cé ga, nuéce ngot, nude tuong. ..
Véi lugng vo6 chai PET ngdy cang ting, vin @ tai sir dung hay tai ché vo chai tré nén quan
trong nhim tranh tic hai dén méi trudmg. PET duoc coi 1a loai nhya khéng bj giam cép trong
diéu kién tw nhién va cho t6i nay chwa c6 cong bé nio vé vi sinh ¢ thé tiéu thu duoc PET.

C6 hai phuong phap tai ché PET chinh la phuong phép vét ly va phuong phap héa hoc [1].
V6i phuong phép vit ly, chai sau khi sir dung xong, thu gom, rira sach, bam nho siy kho va tai
gia cong. Tuy nhién nhuoc diém chinh cua phuong phép nay 1a chai PET sau khi sir dung va
xur ly thudng bj giam cap do phan tmg thuy phén nén c6 d6 nhét (hodc phan tir lwong) khong
thod man d¢ téi ché dé lam lai chai méi (6 nhét déc trung can 16n hon 0,7 dL/g). D& dat duoc
do nhét thich hop cho téi ché, can phai sdy nhua tai ché tht kho (d0 4m téi da 0,02%) va phai
thém phu gia nham tang phan tir lugng. Diéu nay khé thue hién & Viét Nam do ¢6 dd am cao
va tén nhiéu ning lugng cho viéc siy nén lam ting chi phi tdi ché. Phuong phép héa hoc la
thuc hién phan img khir tring hop bing phan ng v6i nude, metanol, hay etylen glycol nhim
thu duoc monome hay oligome [2] va sau d6 cho oligome phan mg véi anhydric maleic tao
thanh polyeste bat bao hoa [3] hogc cho phan {ing diisocyanat nhim tao thanh nhya polyuretan
[4] hodc tao thanh diacrylat/dimetacrylat ding trong phan (mg khdu mang quang héa. bay la
céc phwong phap tai ché phé thai nhim tao ra cc san phém c6 gia tri cao hon.

Theo Rossi [5] phan tmg glycol giai thudng thuc hién & khoang nhiét d6 180 — 250°C,
trong 0,5 — 8 gid va thudong dung xiic tac k&m axetat véi ham lugng 0,5% khéi lwvong PET tai
ché. Phy thude vao loai glycol, phan tmg c6 thé thuc hién & 4p suat khi quyén hoic 4p sudt
cao.

Halacheva va Novakov [6] tién hanh phan (mg giita PET véi DEG (xtic tac mangan axetat)
va nghién ctru anh hudng ciia ham lugng DEG 1én cdu tric ciia oligoeste thu duoc. Tir céc két
qua thuc nghiém sau khi phén tich biang cic phuwong phap NMR, GPC va phuong phap dinh
phan nhoém chic hydroxyl, axit carboxylic..., ho da dé nghi co ché cho phan irng glycol giai
vo1 lugng thira DEG.
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Chen [7] cho thiy phan tmg glycol giai PET chiu anh huéng boi: ham luong xuc tic >
nhi¢t do > thdi gian phan img. Céc loai xic tic mudi axetat kim loai Pb, Zn, Cu, Mn ciing
duoc Baliga va Wong [8] nghién ctru, trong d6 Zn axetat cho luwong san pham tot nhat.

Theo Lé H. Huong Lan [9], phan tmg glycol giai PET béng etylen glycol véi xtic tédc kém
axetat, & nhiét do 180-220°C, cho két qua ham lugng xtc téc khéng anh huéng nhiéu dén thoi
gian phan mg, nhung viéc sir dung xtc tic di rat ngan duge rat dédng ké thoi gian phan tmg.

Trong céc tai li€u, phan 16n cac tac gia sir dung etylen glycol cho phan ting glycol giai.
Nhuoc dlem 1a do etylen glycol c6 phén tir lrgng nhé nén thudng bi bay hoi mét phin trong
qué trinh cét mach. Ngoai ra etylen glycol con cho phan tmg phu 1a tao thanh axetaldehyd ¢
nhiét d6 cao. Pé khic phuc nhugc diém trén, phin nghién ctru nay sir dung dietylen glycol
thay vi etylen glycol. Do ¢6 phén tir luong 16n hon, nhiét d6 soi cao hon nén tranh dugc cac
nhugc diém cia etylen glycol. Ngoai ra do c6 phan tir lugng gan nhu gap doi etylen glycol nén
c6 thé str dung lwong chinh xéc hon.

Trong cau triic san phim tao thanh khi sir dung DEG dé cit mach PET, do céc vong thom
clia este phtalat ¢ xa nhau hon nén s€ 1am tang dang ké tinh rnem déo cua polyme thu duogc.
Suh, Park va Yoon [10] da sir dung DEG dé cit mach PET rdi sau d6 chuyén hoa thanh
polyeste bit bdo hoa va dong rin. Két qua do co Iy cho thiy khi ting ham lugng DEG, modul
cing giam, trong khi d6 do dan dai va d6 bén cing ting dang ké.

2.THU'C NGHIEM

Hboa chdt PET tai ché dugc lay tir vo chai nude, duge rira, cit nhé véi kich thude 4 mm x
4 mm, séy khé trong ti hit chan khéng & 90°C. DEG: héa chit cong nghiép (Trung Quoc)
dugc rat chan khong trong 24 gidr & 90°C. Zn(OCOCHs3),.2H,0: GuangZhou, Trung Quéc.

2.1. Phin ting ciit mach PET bing DEG

Cho vao ong nghiem luong PET di xir 1y bang xuc tdc kém axetat cung vai lugng DEG.
Sau khi suc khi mtor dé tao moi truong tro, dong kin éng nghlem va dun ¢ 220-240°C. Sau thoi
gian x4c dinh, ldy 6ng nghiém ra khoi beP va lam ngudi dén nhiét d phong. Hiéu suat phan
ing dugc tinh dua vao khéi lwong san pham thu duoc chia cho tong khéi luong héa chit ban
* ddu. X4c dinh chi sé axit, chi s6 hydroxyl bing phuong phap chuin do.

2.2.X4c dinh phan tir lwgng ciia sian phim bing phuong phip chuin @ nhém chire
cudi mach

Phan Uing glycol giai PET voi DEG thu dugc ohgoeste diol vé&i céc nhém chirc hydroxyl
cubi mach. San pham dugc kiém tra chi sé axit (A) va chi sé hydroxyl (B) tinh theo mg
KOH/g méu bing phuong phép chuin d6. Tir d6 xac dinh phan tir lugng trung binh cua

ollgocste theo cong thyc Mn= nx56,1x1000/(A+B); n: S nhém OH trén mot phan tir san
pham (n = 2); A: Chi s axit (mg KOH/g); B: Chi s6 hydroxyl (mg KOH/g).

3. KET QUA VA BIEN LUAN

PET co cong thire phan tir nhu sau: [0-CH,CH,0- C0C6H4C0]r1 va c6 phan tir Iucmg trung
binh khéi ban dau vao khoang 30.000 — 80.000 g/mol [11]. C4u triic nay da tao tinh ctimg cho
PET ngay ca ¢ nhiét do trén nhiét dj thuy tinh héa (Tg). Khi cho PET phan tng véi DEG, san
pham thu duoc s& c6 phén tir luong nho hon.
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3.1. Anh hwéng ciia thoi gian phan ng
Thuc hién phan {mg cit mach PET (3,0 g, ¢6 1% xiic tac) v6i DEG (3,0 g tylé vé khéi
luong PET/DEG = 1/1), thoi gian phan (mg dugc thay di tir 3-5 gio, thu duoc két qua:

TN* | Thoi glan'PET tan Th?'l gian Phan Hl@l'.l suat phan M s (ightiol)
(phut) g (phut) ung (%)
L1A 130 180 98,3 238
I.IB 145 180 98,5 235
1.2A 140 240 99,1 256
I.2B 145 240 98,2 245
1.3A 140 300 98,4 245
1.3B 140 300 08,7 229

(*) Mdi thi nghiém déu dugc thuc hién 2 1in dé kiém tra do lap lai cia phan mg; (**)
Phén tir lugng xéc dinh bang phuong phap chuan do.

Séu thi nghiém trén duoc thuc hién & cling diéu kién giéng nhau cho két qua thoi gian d¢é
PET tan hoan toan gin nhu nhau. Muc dich kéo dai thoi gian sau khi PET chay hoan toan
nhim tao polyme dong nhét hon (d6 da phan tan thap). Cac két qua trén cho thdy phan tng c6
do lap lai cao, thoi gian trung binh dé PET chay hoan toan 1a 140 pln'lt

Hiéu sudt phan Gmg < 100% la do DEG hodc mdt sé san pham phu trong qué trinh cét
mach bj bay hoi mét phin trong qud trinh phan (ng, béi nhiét d6 phan (ng cao, tuy nhién
lugng bay hoi khong déng ké (tir 0,9-1,8%).

Sau phan ting, san phim duoc dem chudn do dé xac dinh Mn . Bang két qua trén cho thay
viéc kéo dai thoi gian phan u‘ng sau khi PET tan hoan toan khéng lam thay doi phan tur luong
cua polyme. Phan tir lwong xac dinh bang phuo‘ng phép chuin d6 nhém hydroxyl va nhém axit
chi phu thuéc ham luong DEG thém vao vi khi phan (g transester xay ra phén tir luong c6
thé thay dbi nhung chi s6 hydroxyl s& khong dbi (gia thiét khéng c6 phan tmg phu).

Phan tich céu tric cta san phdm I.1B (thoi gian phan (ng 180 phut) va I.3A (thoi gian
phan tng 300 phut) bﬁng LC-MS cho thdy phd thu dugc hau nhu giéng nhau, diéu nay cho
thdy thanh phin sin phdm hiu nhu giéng nhau. Diéu nay da khing dinh viéc kéo dai thoi gian
phan tng sé khong c6 y nghia sau khi PET tan hoan toan.

Phan tich khdi phd cta phin doan tng véi thoi gian luu 13,4-17,6 phit cho théy viing nay
c6 céu triic clia cc trime:
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Hinh 1.Khi phd ciia phan doan ting v6i thoi gian luu 13,4-17,6 phat
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3.1.1.Cdc miii quan trong cdich nhau 44 don vi irng voi mit xich —-CH,CH-O— tuong
Irng voi cdu tric cua cdc trime

Cau tric M Tin hiéu khoi phd
M + Na* M+H"
(DEG-TP-DEG) 342 365 (manh) 343 (manh)
(EG-TP-DEG) 298 321 (manh) 299 (yéu)
(EG-TP-EG) 254 277 (trung binh) 255 (rat yéu)

Ghi chu: TP: TerePhatlat (DEG-TP-DEG):

HO—(CH;),—O0—(CHy),— OOCO CO0O—(CH;),—0—(CH;),—OH

Phuong trinh phan tng gitta PET va DEG dé tao thanh ba chét trén dugc don gian hoa
thanh (v6i PET: [EG-TP],):

(1) [EG-TP], + nDEG — n(EG-TP-DEG): néu s mol DEG = s mol mit xich PET.

(2) [EG-TP], + 2nDEG — n(DEG-TP-DEG) + nEG: néu sé6 mol DEG= 2xsd mol mit xich
PET.

(3) [EG-TP], + nEG — n(EG-TP-EG)

Néu cong phuong trinh (2) va (3), ta dugc:

(4) 2[EG-TP], + 2nDEG — n(DEG-TP-DEG) + n(EG-TP-EG)

Trong phén thyc nghiém dung 3,0 g PET tuong img véi 15,6 mmol mét xich hay 15,6
mmol nhém EG va 3,0 g DEG tuong tng v6i 28,3 mmol. Do dé ty 1¢ so mol DEG/EG =
28,3:15,6 = 1,8. Theo ly thuyét s6 mol DEG t6i da tham gia phan (g trén chi can bang s6 mol
mat xich [EG-TP] la da tao ra céc trime nhu trén. Tuy nhién thuc nghiém da st dung du dén
80% DEG.

3.1.2. Miii tin higu tai 237 (M + 1H+) c6 thé dic trung cho ciu triic thing hodc vong cé

M =236
s
O/ 'e)
K/O\/

~0

/
C

(@] (@]
W /Y
/c@c\ . O—CH-CH,
HO OCH,CH,

Miii tin hiéu tai 193 (M + 1H+) ¢cé thé dic trung cho cAu tric théng hodc vong déuco M =
192:

A V QA »
C C C C
i/ \ / N
HO OCH=CH, 0\ /0

CH,—CH;

Vi cdu triic vong cing nén khong c¢6 kha nang hinh thanh, do dé céu triic ding c6 18 1a
mach thing.

Nikles va Farahat [12], dd dua ra co ché (khéng c6 chimg minh) chuyén hydro va cét dt
lién két C-O kha phirc tap ctia viéc phan manh ion do qué trinh ion héa khi phén tich bing khdi
phd va dé nghi cong thirc ctia hai mii 237 va 193 1a cdc manh:
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O\\ :?O O\\ //O
+//C C\ +//C C\
0 OCH,;CH;0OCH;,CH3 O OCH,CHj
M =237 g/mol M = 193 g/mol
Tuy nhién két qua khdi phd thu tir thue nghiém nay cho hau hét cdc miii me, nén viéc phin
manh phirc tap nhu trén khoé xay ra duoc.
Lecomte va Liggat [13] da nghién ctru phéan img phan huy nhi€t cia poly(dietylen glycol
terephtalat) va dua ra co ché dong vong ndi phén tir ma khéng chimg minh truc tiép bang thuc
nghiém su ton tai cta nhitng hop chét nay.

Do gi6i han cua cic phuong phap thuc nghiém nhim chimg minh sy ton tai cia hop chét
vong nén van dé nay cho téi nay chwa duoc khing dinh.

3.1.3.Cac mii 531, 619, 7(27 cagk nhau 88 don vi wng voi mit xich —CH,CH—O-
CH;CH-0- va dwr dodn co thé cé ciu triic nhir sau

707: [(DEG-TP-DEG) + Na+ + (DEG-TP-DEG)]

619: [(EG-TP-DEG) + Na+ + (DEG-TP-EQG)]

531: [(EG-TP-EG) + Na+ + (EG-TP-EG)]

Trong khoang thoi gian luu 17,8-22,9 khéi phd cho thy:
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Hinh 2. Khéi phd ciia phan doan img v6i thoi gian lwu 17,8-22,9 phit.

3.1.4.Cdac mai quan trong cdch nhau 44 don vi ieng voi mit xich —CH,CH,0- twong
irng voi ciu triic ciia cde pentame

Céu tric M Tin hiéu khoi phd
M +Na* M+H"
(DEG-TP-DEG-TP-DEG) 578 601 (manh) 579 (trung binh)
(EG-TP-DEG-TP-DEG) 534 557 (manh) 535 (trung binh)
hoic (DEG-TP-EG-TP-DEG)
(EG-TP-EG-TP-DEG) 490 513 (trung binh) 491 (yéu)
hoic (EG-TP-DEG-TP-EG)
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Céu tric heptame:

Céu tric M Tin hiéu khéi phd
M + Na' M+H
(DEG-TP-DEG-TP-DEG-TP-DEG) 814 837 (yéu) 815 (rit yéu)
(EG-TP-DEG-TP-DEG-TP-DEG) 770 793 (trung binh) 771 (rat yéu)
hoac (DEG-TP-EG-TP-DEG-TP-DEG)
(EG-TP-EG-TP-DEG-TP-DEG) 726 749 (yéu) 727 (rat yéu)

hoic (EG-TP-DEG-TP-EG-TP-DEG)
hodc (EG-TP-DEG-TP-DEG-TP-EG)
hodc (DEG-TP-EG-TP-EG-TP-DEG)

(EG-TP-EG-TP-EG-TP-DEG) 682 705 (rat yéu) 683 (rat yéu)

Trén phd MS ciing thay cac tin hiéu rit yéu clia Noname (M + Na+) & 1073, 1029, 985.

Viy bang k¥ thuit phén tich LC-MS da xac dinh dugc thanh phan ciia oligome tao thanh
tir DEG va PET véi ty 1& 1/1 vé khéi luong hay 1,8/1 vé s6 mol. Mic dit DEG dur nhiéu so véi
luong 1y thuyét dé chi tao thanh céc trime, nhung trong hé polyme phan tmg kho dat duoc gia
tri 1y thuyét nén van tao thanh ngoai trime con cé cac pentame, heptame, va nomame. Déy
ciing 13 biang chimg cho thiy tir PET ban dau c6 d6 tring hop 16n, nho phén (ng transeste hoa
v6i DEG di tao thanh céc oligome. Céc oligome nay déu c6 nhém OH cudi mach nén dé dang
tham gia phan tmg bién tinh tiép theo.

3.2.Anh hwéng ciia ham lwong xiic tic Zn axetat dén thoi gian phan ing
Phan Gmg cét mach duoc thuc hién véi céc diéu kién: PET (3,0 g), DEG (3,0 g, ty 1¢ vé

khdi luong PET/DEG = 1/1), nhiét d phan (ng 200-240°C, khao sat anh huéng cua ham
luong xuc tac (% khoi lugng dua trén PET) dén thoi gian phan (mg, thu dugc két qua:

TN Luong xuc tac Zn axetat (YPET) Thoi gian PET chay (phit)
IL1A 0,0 630
I1.2A 0,5 330
11.2B 0,5 320
I1.3A 1,0 155
11.3B 1,0 150
I1.4A 2,0 115
11.4B 2,0 120
I1.5A 3,0 105
11.5B 3,0 100

Vai trd cua xtc tac 1am ting tdc do phan tmg dugc thiy rd tir bing két qua trén.

Atta ciing cong su [14] dd thuc hién phan tng cua PET véi DEG voi 0,5% mangan axetat
& 200°C trong 4 gid va sau d6 210-230°C trong 3 gio. Hau hét cac tac gia khéc cling thuc hién
phan tng glycol giai lam hai giai doan (nhiét do giai doan sau cao hon) va thoi gian khoang 7
gio. Nhu vay két qua thuc nghiém nay cho thay véi 0,5 % Zn axetat c6 thé rut ngan thoi gian
con 5 gio 30 phat, con néu ting ham lugng xc tac dén 1%, co thé rit ngdn thoi gian phan rng
xudng con 2 giov 30 phut. '

Viée rat ngén thoi gian phan (mg & nhiét d§ cao cé y nghia lon vé mit tiét kiém nang
lugng va trénh cic phan (mg phu, tat nhién van bao dam duoc tinh chat ctia san pham (Thi
nghiém I.1-1.3 da ching minh khi kéo dai thoi gian cau trac san pham khéng doi).
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3.3. Anh huéng ciia ty 1¢ tac chit dén thoi gian phéan &rng va phin tir lugng
Céc phan ing dugc thyuc hién véi cic didu kién: xtc tac Zn axetat 1% (theo PET), nhiét d6
phan ing 200-240°C, ty 1é téc chit thay ddi theo bang sau:

N PET (g) DEG (g) Thoi gian PET tan | 7, (g/mol)
(phut)
IIL1A 3,0 1,0 140 712
I1L.1B 3,0 1,0 135 723
II1.2A 3,0 2,0 155 541
I11.2B 3,0 2,0 160 549
I1.3A 3,0 3,0 155 364
I1.3B 3,0 3,0 150 367

(*) Phén tir lugng x4c dinh bang phuong phép dinh phan cia cdc mau da duoc tinh ché
bang hé dung méi CH,Cl,/H,0.

Két qua thyc nghiém cho thiy khi thay déi luong DEG so véi PET, thoi gian cAn thiét dé
PET tan hau nhu khong déi. Nhu vy thoi gian phan tmg phu thudc chi yéu vio ham luong
xtc tic. Mot quan diém cho rang khi ting luong DEG (16ng) thi kha ning hoa tan PET s& t6t
hon (do PET déng vai tr0 1a tic chat ciing nhu dung méi), hay DEG sir dung luong nhiéu sé
déng vai trd nhu chét truyén nhiét tt hon (do léng, con PET dang véy khé tiép xuc voi thanh
binh phan tng hon) nén thoi gian phan (mg s& ngan hon. Két qua trén cho thy cic yéu td
truyén nhiét hodic dung méi cé 18 khéng quan trong khi 1am thi nghiém véi luong nhé, nhung
¢0 1€ s quan trong khi dung luong 16n trong cong nghiép.

Két qua thuc nghiém ciing cho thdy phén tir lugng trung binh x4c dinh bang phuong phép
dinh phan nhém chirc hydroxyl va axit phu thugc vao ty 1& DEG/PET., Ty 1¢ DEG/PET cang
ting, phan Gmg cit mach cang siu va phan tir lugng cang nhd. Piéu nay ciing hoan toan phu
hop véi 1y thuyét phan tng.

4.KET LUAN

Phan tmg cét mach PET tir v chai bing DEG da dugc hién. CAu tric sin phim c6 chira
céc trime, pentame, heptame véi cac nhém glycol & hai dau mach dugc xéc dinh bz?mg LC-MS.
Thoi gian phén (mg duoc rit ngan so véi céc tai liéu tham khao khéc, nhét 1a néu ting ham
lugng xtc tac 1én 1%.

C6 thé diéu khién phén tir luong ciia oligome thu duoc bing céch thay ddi ty 16 DEG/PET.

Oligome c6 cac nhém chirc hydroxyl cubi mach c6 thé cho phan {rng voi isocyanat tao PU
hojc bién tinh tiép dé tao polyeste bt bio hoa nhim img dung cho céc sin phim c6 gid trj cao
tir nguén nguyén liéu tai ché.
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GLYCOLIZATION OF POLYETHYLENE TEREPHTALATE (PET) FROM
WASTE BOTTLE BY DIETHYLENE GLYCOL (DEG)

Vo Thi Hai, Hoang Ngoc Cuong
University of Natural Sciences, VNU-HCM

ABSTRACT: Recycled PET (from sofi drink bottle) reacted with diethylene glycol
(DEG) to produce oligomers with various molecular weights depending on the DEG/PET
ratios. The structure of the oligomers was characterized by LC-MS, and the molecular weight
was also identified by titration method. The obtained oligomer from DEG/PET:1/1 is a
mixture of trimers, pentamers or heptamers with EG/DEG end groups. T he reaction time
decreases as the catalyst concentration increases. The oligomer could be further modified to
be used as polyester polyol for the valuable polyurethane industry/unsaturated polyester.

Keywords: PET recycling, DEG, oligomers.
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