Nguon Nguyén Liéu Sinh Hoc cho San Xuat Nhwa
Epoxy Sinh Hoc
I. Gidi thi€u

Epoxy resin (nhua epoxy) 1 mét trong nhitng nén tang chit két dinh nhiét rin quan trong nhat,

Ung dung rong réi trong xay dung, hang khong, dién tir va nhiéu nganh cong nghiép khac (Petrie,

2007). Tuy nhién, epoxy truyen thong dua chu yéu trén bisphenol-A (BPA) va epichlorohydrin tir
dau mo. Nhing lo ngai vé tinh bén vitng, doc tinh tiém 4n cua BPA, cung ap luc cit giam carbon,

da thac ddy xu huéng nghién ciru bio-epoxy — epoxy tir ngudn nguyén liéu sinh hoc (Auvergne et
al., 2014).
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Vegetable oils: 5t John’s wort, Rapeseed, etc. Epoxidized vegetable oils: 2.5 to 7,0 m,,/g

Nhiea epoxy tir cdc nguon nguyén liéu sinh hoc

Trong xu thé d6, Cong ty C6 phan Pau tu va Thuong mai Quéc té VCC — mot trong nhitng doanh
nghiép tién phong trong linh vuc chat két dinh tai Viét Nam — da dinh hudng tr¢ thanh don vi dan
dau nghién ciru va ing dung keo epoxy sinh hoc. Hién nay, VCC dang phéi hop cing Trudng Dai
hoc Vat liéu — Pai hoc Bach khoa Ha Néi trién khai dé tai phat trién keo epoxy sinh hoc tur nguon
nguyén liéu tai tao, nham vira giai quyét bai toan mai truong vira tao loi thé canh tranh cong nghé
trong tuong lai.

SCHOOL OF
MATERIALS
SCIEMCE AND
ENGINEERING
HANOI UNIVERSITY OF SCIENCE AMD TECHNOLOGY

£ \/CcC

HAPPY COOPERATION




II. Cac ngudn nguyén liéu sinh hoc
1. Lignin — Nguén Nguyén Liéu Tir Go

Lignin la polyme phenolic tu nhién chiém khoang 15-30% khéi Iuong g, cuing véi cellulose va
hemicellulose[1]. Céu tric lignin rit phic tap: gom cac don vi phenylpropanol lién két khong theo
trat tu, tao thanh mang polymer thom ba chiéu. Dé san xuét nhua epoxy tur lignin, huong tiép can
phd bién 1a glycidyl héa cic nhom hydroxyl phenolic ctia lignin bang epichlorohydrin — tuong tur
phan tng tong hop epoxy glycerol-ether thong thudng[2]. Quy trinh nay thudng doi hoi phai phéin
manh hoic khir tring hop trwée (depolymerization) nham giam kich thudc phan tir va ting sd
nhom —OH phan tng trong lignin[3]. Ching han, lignin organosolv dd duogc khir tring hop va sau
d6 phan (mg véi epichlorohydrin dé tao nhya epoxy sinh hoc, cho thiy hiéu qua cai thién phan b
khdi lwong phan tir va hiéu suit epoxy hoa dat ~63-68%[4][5]. Tuy nhién, viéc thu dugc nhua
epoxy lignin ddng nhit van 13 thach thirc 16n do cdu tric bat dinh hinh va d6 khéng dong nhat
cao cua nguyén liéu lignin tho[6].
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Nhura epoxy sinh hoc trén co sé lignin di tir nguyén liéu sinh khoi

Uu diém: Lignin c¢6 ham luong nhan thom cao, gitp tdng dé cing va tinh chiu nhiét cho nhya
epoxy. Cac nghién ctru cho thiy epoxy tir dan xuat lignin c6 thé dat nhiét d9 chuyén thiy tinh
T, rat cao — vi dy epoxy tur vanillin (mot san pham phan huy lignin) ¢6 Ty = 214 °C, cao hon han
epoxy Bisphenol A truyen thong[7] Mang lu6i polymer chira céu trac lignin thom con c6 kha
niing chéng chay tot nhd dé tao than hoa khi nung — vat liéu epoxy ngudn gde vanillin da dat cip
V-0 trong thir nghiém chay UL-94[7]. Lignin ciing doi dao va gia ré (1 san pham phuy ciia cong
nghiép gidy), gop phan giam phu thudc vao nguyén liéu hoa thach.

Nhuge diém: Do céu trac polymer phirc tap, lignin k6 epoxy héa hodn todn — cac nhdm phenolic
phan b6 ngiu nhién, c6 thé giy can steric va phan tng khong triét d&[6]. Lignin tho tir cac quy
trinh khac nhau (Kraft, organosolv, v.v.) ¢é ciu tric va ham lugng nhom chuc khac nhau, lam
giam tinh dong nhit cua nhya epoxy thu dugc[8][9]. Nhwa epoxy lignin thuong cé dg nhét rat
cao hoac tham chi ¢ trang thai ran, do khdi luong phan tir 16n va da chiic nang, gay kho khan cho
xtr 1y va phéi tron. Mang epoxy tir lignin c¢6 mat do lién két ngang cao nén c6 thé gion néu khong
duogc diéu chinh cong thirc (can phdi tron véi chat 1am déo hodc ddng monomer linh hoat hon).
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Mirc d9 nghién ciru & ing dung: Hién nay, nhya epoxy lignin van & giai doan nghién ciru
phong thi nghiém. Nhiéu cong trinh dé cong b tinh ning vu viét cia epoxy lignin (Tj cao, bén
nhiét) va kha nang thay thé mot phan bisphenol A[10], nhung chwa c6 san phdm thwong mai do
tré ngai vé k¥ thuat xtr Iy lignin[6]. Viée toi uu hoa quy trinh xtr Iy (phdn manh, tinh ché) va epoxy
hoa lignin dang duoc tich cyc nghién ctru nham tién tdi tng dung thuc té[10]. Mot hudng khac 1a
su dung don the thom tir lignin (nhu vanillin, guaiacol...) dé tong hop epoxy monomer, gitp tan
dung uu diém ciu tric cua lignin ma giam bot nhuge diém vé do phuc tap[11]. Tuy nhién, ¢ thoi
diém hién tai lignin méi chi duoc tmg dung thi diém trong mot sé hé epoxy & quy mo phong thi
nghiém hodc ban k¥ thuat, chira co mat rong rai trén thi truong[12].

Trong dé tai véi BPH Bach Khoa, VCC dinh hudng khai thac lignin tir phy pham nong nghiép — vi
du ba mia, rom ra — dé phat trién epoxy sinh hoc c6 tinh khang nhiét cao, phuc vu cho cac ung
dung két cau.

2. Cardanol — Nguyén Liéu Tir Dau Vo Hat Diéu (CNSL)

Cardanol 1a phenol ty nhién thu dugc tur dau vo hat diéu (cashew nutshell liquid, CNSL). Vé ciu
tric, cardanol gdm mot vong phenol gan chudi aliphatic C15 khong no (1-3 lién két d6i) & vi tri
meta. Dé tao nhya epoxy tir cardanol, ngudi ta tién hanh glycidyl hoa cardanol bang
epichlorohydrin, tuong tu phan ung véi bisphenol A[13]. Phan img nay gan nhém epoxy (glycidyl
ether) vao vi tri —OH phenolic ctia cardanol, tao thanh cardanol glycidyl ether. Nho c6 san mot
nhoém —OH, mdi phan tir cardanol c6 thé tao it nhat mot nhoém epoxy; ngoai ra, cac chudi C15 ¢
thé dugc epoxy héa tai cdc lién két doi dé tang sb chuc epoxy[14]. Hién nay da c6 nhiéu san pham
epoxy tir cardanol: tir mono-chire (mot vong epoxy trén mdi phan tir) dén da chire (nhiéu vong
epoxy trén mdi phan tir) — dién hinh nhu cic epoxy monomer va diluent do Cardolite Corporation
thwong mai héa[14]. Vi du, epoxy don chirc cardanol (NC-513 cua Cardolite) 12 chét 1ong c6 do
nhét thap, duoc dung 1am chat pha lodng phan tng (reactive diluent) trong hé epoxy[15]. Ciing c6
cac nhura epoxy di- va tri-chire dua trén cardanol (nhu san phdm LITE 513DF) nham ting kha
ning tao mang lién két ngang[16][17].

Nhuea epoxy tur cardanol

Uu diém: CAu trac cardanol két hop nhdan thom cirng (phenol) voi chuéi dai linh hoat (C15
aliphatic), tao cho nhya epoxy tinh chét can bang gitra do cing va do deo dai. D¢ nhét thép 1a uvu
diém nbi bat — epoxy cardanol don chirc c6 do nhét rat nho, gitp pha loang nhua epoxy chinh, cai
thién thi cong va cho phép hé son/keo c¢6 ham luong ran cao (giam dung mé6i VOC)[18][19]. Mat
khéac, tinh hydrophobic cua chudi aliphatic dai lam ting kha ning chong 4m va in mon cho
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mang epoxy[20][17]. Vong phenolic trong cardanol dong gop vao tinh bén nhiét va khang hoa
chat (twong ty nhya thom)[17], dong thoi chudi linh hoat gitip ting dd dai va dap va dé bén udn
(giam gion) cho vt liéu epoxy so vdi h¢ epoxy hoan toan thom[21][22]. Bac biét, cardanol c6
ngudn gdc ty nhién 100%, khong doc hai, ¢ thé thay thé nonylphenol (mét chat ting tdc doc hai)
trong cong thirc epoxy voi hiéu qua tuong duong[19]. Cac epoxy/diluent tir cardanol khi lién két
vao mang polymer van duy tri duoc nhirng uu diém nay, gitp vat liéu epoxy cai thién kha nang
chiu nudc, chiu moi truong axit/mudi vuot troi so véi cac diluent thuong mai goc dau mé (nhu
C12-C14 glycidyl ether hoac Cardura E10P)[23].

Nhuwoe diém: Nhyua epoxy tir cardanol thuong c6 dd bén nhiét va co hoc kém hon epoxy
bisphenol-A, do chudi aliphatic dai 1am gidm mdt dg lién két ngang va T, ciia mang polymer([24].
Thyc nghiém cho thay khi tang ty 16 -epoxy cardanol trong hé epoxy, mé6 dun dan hdi va do bén
kéo giam tuyén tinh so v0i epoxy thudn tay gdc bisphenol- A[25]. Ngay ca ¢ dang da chuc, xuong
sdng phan tir cardanol van linh hoat hon so v&i bisphenol-A, din dén T, thip hon va dd cirng
kém hon cho nhua di dong ran[24]. Do d6, ung dung cardanol epoxy doi hoi phéi cdi thién tinh
chdt co ly —vidu bod sung hat nano sét, chét don hodac déng polymer dé bu dép nhuoc diém[24].
Ngoai ra, cardanol thuong mai 1a hon hop (c6 thé chira 10-15% cardol va cac thanh phan khac
trong CNSL), can tinh ché cao dé dam bao chat lugng san phém epoxy. Mat khiac, mui va mau
cling 14 van dé: cardanol c6 mui hoi hic va mau nau; tuy nhién hién di c6 cac bién thé mau sang,
it mui (Ultra LITE cardanol) duoc phat trién dé khic phuc van dé nay[26][27].

Mirc d9 nghién ciru & rng dung: Cardanol la mot trong nhiing nguyén liéu sinh hoc thanh cong
nhit trong thwong mai epoxy hién nay. Cac san phim epoxy va chat dong ran géc cardanol da
dugc cong ty Cardolite va nhirng hang khac thuwong mai héa rong rai, dung trong son bao v¢,
keo dan va vat liéu composite[14][28]. Vi du, Cardolite cung cap dong san pham NX-202x (dau
cardanol tinh ché) lam chat pha lodng va ting déo, cling nhu cac dung dich epoxy hoat tinh NC-
513 (mono-epoxy) va LITE-513DF (da epoxy) cho hé¢ nhya epoxy[29][16]. Trong hoc thuét,
cardanol da thu hut nhiéu ‘nghién ciru veé cai tién nhua epoxy sinh hoc, nhur bién tinh cardanol voi
silic/hgp phan photpho dé ting chiu nhiét va chéng chay[30]. Hién nay, epoxy cardanol di sin
sang cho cic wng dung thue té: no thuong duge ding lam chat pha lodng khong doc thay thé
epoxy phenyl glycidyl ether hay nonylphenol, va gop mat trong nhiéu hé son phu, keo dén c6 ham
luong sinh hoc cao. Tuy van can cai thién thém (vé T, d0 clng) dé hoan toan sanh ‘ngang nhya
epoxy dau mo, cardanol duoc danh gia 1a nguyén liéu sinh hoc tiém ning va di c¢6 chd dung vimg
chic trén thi trudng ngach ciia nganh epoxy[ 14][31].

VCC quan tim dén ngudn cardanol vi Viét Nam 1a quc gia xuat khau hat diéu 16n, tao lgi thé vé
nguyén li¢u. Viéc st dung cardanol trong hé epoxy khong chi gidm phu thuéc dau mé ma con gia
tang gia tri phu pham ndng nghiép trong nudc.

3. Dau Thuc Vit (d4u nanh, thau dau, lanh, v.v.)

Dau thyc vat 1a ngudn nguyén liéu tai tao phong pht dé san xuét nhua epoxy sinh hoc nho chira
nhléu acid béo khong no co thé epoxy héa. Hai phuong phap chinh dé tao epoxy tir ddu thuc vat
gom: (1) Epoxy hoa trye tiép lién két ddi trong acid béo (epoxidation) va (2) Glycidyl héa cac
nhém chire ¢6 sin (hydroxyl, acid) trén phan tir dau hoic din xuét cta né.

Phuong phdp epoxidation: Cac dau thyc vt nhiéu ndi doi nhu dau dau nanh, du lanh, dau cai...
duoc epoxy hoa bang peracid (vi du axit formic + H20:) theo phan tng Prilezhaev, bién ndi doi
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C=C thanh vong epoxy (oxirane)[32][33]. San phdm I dau thwc vt epoxy héa (EVO), dién hinh
nhu epoxidized soybean oil (ESO) tir ddu dau nanh va epoxidized linseed oil (ELO) tir dau lanh
Cac EVO nay thuong c6 ham luong epoxy (oxirane oxygen content) khoang 5-7%, dugc coi la t6i
wu dé dat can bang giita mat do mang va do bén kéo ctia nhwra dong ran[34]. Epoxy hoa dau la
phuong phap don gian, chi phi thap va di dugc thuong mai hoa tir lau (ESO dugc san xuat quy
mo6 16n 1am chét hoa déo cho PVC). Tuy nhién, nhwra epoxy tao ra khi déng rin trwe tiép EVO
thwong co6 tinh chit kém: do cac vong oxirane ndi phan tir trén mach béo it phdn itng véi amine
hon so véi epoxy glycidyl ether, mang tao thanh co Tg rat thap (~17 °C v6i ESO) va do bén co
hoc khong dat yéu céu[35] Thue té, nhua epoxy tir ESO nguyén chét qua mém déo (tensile
strength ~3 MPa) va thiéu on dinh nhi¢t[36], nén thuong chi dung lam chét bo tro (plasticizer,
toughener) chir it khi dung lam nén epoxy chinh. Nhiéu hudng nghién ciru tim cach cai thién nhuoc
diém nay, vi du phéi tron EVO véi nhua epoxy thom hoic sir dung tic nhan déng rin cing
(nhu tannic acid hodc lignin bién tinh) dé tang Tg va d bén co hoc cho mang epoxy dau thuc
vat[37]. Két qua cho thay b6 sung lignin ¢6 cau tric cang vao ESO co thé nang Tgtir 16,9 °C Ién
~118,6 °C va ting bén kéo hon 10 1an[38], chimg to tiém ning cai thién tinh chit ciia epoxy dau
thuc vat bang cach két hop véi cac thanh phan cing hon.
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Phwrong phap glycidyl hoa: Thay vi epoxy héa lién két d6i, c6 thé chuyén hoa diu thye vét thanh
cac polyol hoiic din xuit rdi glycidyl hoa bang epichlorohydrin. Mot sO vi du tiéu biéu da dugc
thuwong mai: Triglycidyl ether ciia dau thau dau — dau thau dau ty nhién c6 nhém —OH trén acid
ricinoleic, sau khi xtr 1y tao tri-alcohol c6 thé phan tng véi epichlorohydrin tao epoxy ba
chtrc[39][40]. San phdm nay 1a nhwa epoxy 10ng tri-chire giup tang dé déo dai va gidm gion cho
hé epoxy[40]. Tuong ty, glycidyl ether ciia alcohol C12—C14 tir diu co (céc alcohol béo tach tir
dau co) 1a epoxy don chirc c6 d6 nhdt cuc thdp, chuyén dung lam chit pha loing nhuya
epoxy[41][42]. Glycidyl ether ciia acid dimer (dimer hoa tir acid béo dau thong) 1a epoxy di-
chire véi mot chudi linh hoat rat dai ¢ gilta, da duoc dung tur lau dé tang do dai va dé bén va ddp
cho epoxy (do chudi dimer linh dong hap thu ung suit)[43][44]. Ngoai ra, triglycidyl ether ciia
poly(glycerol) (thu tir glycerol oligomer cua dau co) ciing 1a epoxy da chirc thuong mai nham cai
thién do bén va dap cua vat liéu[45][43]. Nhimng vi du nay cho thiy bang cach bién doi chirc ning
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¢6 san trong dau (-OH, -COOH) thanh cau ndi glycidyl, ta thu dugc cac epoxy sinh hoc ¢6 chi s6
chirc nang tu 1 d‘en 3, tiiy ¥ diéu chinh cho phu hop tng dung. Két hop st dung epichlorohydrin
sinh hoc (san xuit tir glycerol) con giup cac epoxy gdc dau nay dat dén 100% carbon sinh
hoc[46][47].

U'u diém: Dau thuc vat rat phong phii, tdi tao nhanh va gia ré, khién chung tré thanh ngudn nguyén
lidu hap dan cho nhya epoxy xanh[48]. Nhiéu loai dau (d4u nanh, lanh, cai dau, huéng duong...)
chta ham lwong néi déi cao, nghia la mat do nhém epoxy tiém niing 16n sau epoxy hoa[48]. Vi
du, dau lanh c6 thé epoxy hoa gin nhu toan bo 3 acid béo (mdi acid ~3 ndi d6i) tao ra nhya epoxy
chtrc nang cao. Nhd bdn chdt mach thang linh hoat, epoxy tir dau cho dd dai, dd gidn dai cao,
giam gion so vO1 epoxy thuan aromatic. Thém vao do, cac chudi hydrocarbon dai tao cho vat liéu
tinh ky nwoc tdt, it thAm 4m — mot s6 nghién ctru ghi nhan nhya epoxy co thanh phan dau epoxy
hoa hap thy nuée it hon va bén moi truong hon so voi epoxy truyén théng[20][17]. Vé kha ning
bién tinh, dau thuc vat rat da dung: c6 thé bién d6i qua nhiéu budc hoa hoc (epoxy hoa,  hydroxyl
hoa, transester hoa, urethan héa, v.v.) dé tao ra cac monomer hodc oligomer mong muon Chang
han, tir du c6 thé thu polyol (nhu polyol soyolia) rdi tiép tuc epoxy hoa; hoic epoxy hoa rdi acrylat
hoa dé 1am nhua composite tia UV. Tinh linh hoat trong héa hoc ndy cho phép thiét ké nhwa epoxy
v6i tinh chét theo yéu cau (mem déo hay cimg chic tuy ty 1¢ dau epoxy). Dac bit, vi dau epoxy
hoa thuong twong thich tot véi nhua epoxy goc Bis-A, nén c6 thé pha tron dé dang dé nang cao
ham lwong sinh hoc trong san pham ma khong lam thay ddi nhiéu quy trinh san xuat hién co.

Nhuwoc diém: Nhwoc diém chinh cia epoxy tir dau thuwe vt la tinh chdt co hoc va nhiét kém hon
han hé epoxy thom. Cac phan doan aliphatic dai khong c6 vong cimg nén mang polymer tao thanh
mém va Tg thap — vi du nhya ESO déng ran bang polyamine c6 Tg chi ~17 °C[49]. Mat db lién
két ngang hiéu qua ciing thap do mdi phan tr dau (triglyceride) cong kénh chi mang vai nhom
epoxy, dan dén cwong dd co hoc thip (cudng do kéo, md dun dan hoi thap)[36]. Hon nita, cdc
epoxy néi mach (nhu epoxy cycloaliphatic trén chudi déu) thuong kém hoat dong hon epoxy
glycidyl ether: nhém epoxy bi anh huong boi hiéu ing day dién tir ctia chudi alkyl, kho mo vong
v6i chat dong ran amin thong thuong ¢ nhiét do phong. Do d6, mie chuyen hoéa khi dong ran c6
thé khéng cao, khién vat liéu con du epoxy chua phan tng, anh hudng dén tinh chat dai han. Vé
chiu nhiét, mang aliphatic hoan toan dé bi phan huy nhiét hon so v&i mang chtra vong thom —
epoxy dau thuong bat dau phan huy ¢ nhiét do thép hon va tao it can than hon, dan dén khd nang
chong chdy kém. Mot han ché khéac 13 tinh khong dong nhat: dau thyuc vat 13 hdn hop nhiéu acid
béo (vi du dau dau nanh chtra ~15% acid linolenic C18:3, 50% linoleic C18:2, 25% oleic C18:1,
v.v.). Su phan bd khac nhau cia cac acid béo trong mdi phan tir triglyceride dan dén san pham
epoxy héa cé phdn tir lwong va sé nhém epoxy thay d6i, kho kiém soat hoan toan. Tuy nhién,
nhugc diém nay phan nao duoc khic phuc bang cach chudn héa nguon dau nguyén liéu (chon
gidng thuc vat cho thanh phan acid béo 6n dinh) va quy trinh epoxy héa hiéu qua (dat ham luong
oxirane muc tiéu).

Mirc d9 nghién ciru & wng dung: Epoxy gdc dau thue vat di c6 mit trén thi treong o dang
mot sd san pham thuong mai cling nhu phu gia. Epoxidized soybean oil (ESO) dugc san xuét
cong nghiép vai san luong 16n, chu yéu 1am chat hoa déo trong nhwa PVC va chat pha lodng trong
s0n epoxy. Nhiéu hing nhya epoxy (hdng Anh, Dirc, Nhat) di gidi thiéu nhya epoxy sinh hoc
chira diu epoxy hoéa. Ching han, Sicomin (Phap) c6 dong Greenpoxy chira ~30-50% carbon sinh
hoc tir dau thyc vét epoxy héa, ding trong van ludt song va thuyén budm; hing Entropy Resins
(MJ) cting c6 nhya epoxy SuperSap mot phan gbc dau cho van truot. Ngoai ra, cac epoxy glycidyl
tir ddu co, dau thau diu... da dugc nhiéu nha cung cip epoxy truyén thong thwong mai héa
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(vd. san pham glycidyl ether C12-C14, triglycidyl thau dau cua Huntsman)[41][40]. Mat hoc thuat,
nghién ctru vé epoxy diu thue vat réat séi dong: hang trim cong bd mdi nam vé cai thién qua
trinh epoxy hoa (dung xuc tac xanh, enzyme)[33][50], cai thién tinh nang co ly (ket hop soi tu
nhién, nano-cellulose, nano-clay)[51][52], va kha nang tai ché, phan hay cuia epoxy dau. Xu huong
hién nay tép trung vao vit li¢u epoxy lai (hybrid) két hop dau epoxy hoa vdi cac thanh phan sinh
hoc cting (nhu tannin, lignin, acid citric...) dé dat tinh ning twong dwong nhua epoxy truyén thong
nhung ham lugng sinh hoc cao. Tom lai, dau thyc vat 1a nhdm nguyén li¢u sinh hoc da iing dung
thyc té & mikc dé nhat dinh (trong phuy gia va nhya epoxy mot phan sinh hoc), nhung viéc phat
trién nhyra epoxy hoan toan tir diu dé thay thé epoxy gdc Bisphenol A con can thém nghién ctru
dé khic phuc cac han ché vé tinh ning[36][53].

4. Hop Chat Dan Xuit Carbohydrate (Glycerol, Sorbitol, Glucose,
Isosorbide, v.v.)

Céc polyol va dan xuat tir carbohydrate dong vai tro nguén monomer nhiéu nhém chire cho nhya
epoxy sinh hoc. Pai dién tiéu biéu gdm glycerol (triol 3 nhém —OH, san pham phu tir san xudt
biodiesel), sorbitol (hexol 6 —OH, thu tir hydrogen hoa glucose cua tinh bot ngd/khoai[54]), va
isosorbide (diol 2 —OH, thu tir khir nu6e sorbitol)[54]. Ngoai ra, glucose va cac duong khac co
thé dugc chuyén héa thanh polyol (nhu sorbitol, mannitol) hodc cac hop chat mach vong (nhu
isosorbide, furan derivative) dé 1am nguyén liéu nhya epoxy. Cach tong hop epoxy phé bién tir
nhom nay 1a glycidyl héa cac nhém —OH bang epichlorohydrin (twong tu phan tng véi phenol
nhung 4p dung cho alcohol nhiéu chirc).

Glycerol: La polyol 3 chiic, glycerol ¢6 thé phan tig v&i epichlorohydrin sinh ra triglycidyl ether
ciia glycerol — mot epoxy tri chire. Tuy san phdm nay it dugc nhic dén thuong mai riéng 1¢, nhung
glycerol lai c6 dong gop quan trong: glycerol 1a nguyén liéu dé san xuat epichlorohydrin sinh
hoc. Quy trinh Epicerol da thuong mai hoa, trong d6 glycerol (tir dau co hodc m& dong vat) phan
tmg véi HCI tao 1,3-dichloropropanol va chuyén hoa thanh epichlorohydrin[55][56]. Hién nay
phan 16n epichlorohydrin sinh hoc 100% (bio-ECH) déu dua trén cong nghé nay, cho phép san
xuit nhwa epoxy Bisphenol A “xanh” véi ~28% carbon sinh hoc (toan b phan
epichlorohydrin)[57][58]. Nhu vay, glycerol gian tiép giup tich hop carbon tai tao vao cac h¢
epoxy truyén thong ma khong ddi cau tric hoa hoc[59]. O goc do monomer moi, glycerol glycidyl
ether ¢6 d¢ nhét khd cao va phan ing dong ran nhanh (do 3 nhém epoxy gan nhau), thuong duoc
ding & ty 18 nho dé tang mat d6 mang cho epoxy (vi du trong nhya epoxy novolac c6 mot phan
don vi glycerol). Mot bién thé hiru ich 1a polyglycerol (tring ngung vai don vi glycerol) roi
glycidyl hoa, cho epoxy tri hodc tetra chirc ¢6 xwong song dai hon, nhd &6 giam gion so véi
glycerol glycidyl ether thuan tay[45][43].

Sorbitol & Glucose: Sorbitol (CéHi40s) c6 6 nhom —OH, do do6 sau glycidyl hoa co thé tao ra
epoxy da chirc (Ién dén 6 eepoxy). Thuc té, epoxy sorbitol thwong mai thuong c6 ham lugng epoxy
thip hon 1y thuyét (mot s6 nhom —OH khong phan tmg hét hodc tao vong ndi) nhung van 1a nhua
epoxy da chirc nang rat dang chi y[60][61]. Nhuwa epoxy sorbitol da dwgc thwong mai héa
(cung cip boi vai nha san xuat chuyén dung) voi ham lugng carbon sinh hoc gan 100%[60]. bay
1a epoxy dang nhuya rin hodc ban ran, da chirc, thuong dugce dung dé tang mdt do lién két ngang
cho hé epoxy (nham nang cao Ty, d clng, va cai thién bam dinh). So vai bisphenol A (chi 2 churc),
sorbitol epoxy co thé tao mang ludi rat day dic, gitp Ty cao va dd bén nhiét tét. Tham chi, mot
dan xuét tir glucose khac 1a sucrose octa-glycidyl ether (8 chirc) da dugc bao cdo cho Tg vuot
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150 °C khi d6ng ran bang anhydride[62]. Tuy nhién, diém yéu cua epoxy da chirc nhu sorbitol 1a
qud trinh déng rdn téa nhiét manh va mang bi gion do mat do lién két ngang qua cao. Do do,
epoxy sorbitol thuong duoc phoi trén véi epoxy linh hoat hon (vi du epoxy dau) dé dat sy can
bang tinh chat. V& nguyén liéu glucose: truc tiép glycidyl hoa glucose tu do it duge 1am do glucose
c¢6 dang vong hemiacetal dé mg, va da s6 nhom —OH & dang thir cap, phan tmg phirc tap. Thay
vao do, glucose dugc chuyén héa thanh sorbitol (bing hydro hoa) roi xir 1y tiép, hodc 1én men
thanh cac polyacid roi ding trong epoxy (nhu acid itaconic tur duong dé tao epoxy itaconate). Tém
lai, glucose la nguyén liéu goc dé thu duoc nhleu monomer/polyol co6 ich (sorbitol, isosorbide,
furfural, itaconic acid...), dong vai trd gian tiép trong viéc cung cip nén tang carbohydrate cho
nhuya epoxy sinh hoc.

Isosorbide: Day 1a hop chat di vong (dan xuét tir duong) dang ndi 1én nhu mdt liea chon thay thé
Bisphenol A. Isosorbide (Ci2H1406) duoc dleu che qua phan tmg khir nuéc kép sorbitol, tao cdu
tric bicyclic ctmg véi 2 nhém —OH & vi tri cdu ndi. Khi phan tng véi epichlorohydrin, isosorbide
cho isosorbide diglycidyl ether — mét epoxy hai chire. Do isosorbide c¢6 cau trac cung va doi
xitng twong doi, nhya epoxy isosorbide c6 do bén nhiét va co hoc rat dang chu y. That vay,
isosorbide epoxy duoc danh gia c6 cau trac “khdi xay” vimng chic, c6 thé ding lam nhira nén chinh
thay cho Bisphenol A[63]. Mot s& bao cdo cho thiy mang epoxy isosorbide dat Tg va do cimg
tuong duong epoxy Bis-A, voi wu diém it déc tinh va it nga vang hon do khong chtra vong thom
hap thu UV[64]. Nhura epoxy isosorbide da bwdc vao giai doan thwong mai: vi du Huntsman
da gidi thidu epoxy tén thuong mai “Epilox” dya trén isosorbide (cong bé tai Woodlands, TX)[28].
San pham nay c6 ham luong carbon sinh hoc xap xi 100% (néu dung epichlorohydrin sinh hoc) va
c6 thé phdi tron dé dang véi cac tac nhan dong rin thong dung. Uu diém ndi bat ciia epoxy
isosorbide 12 @9 bén nhiét, bén héa chit cao (do khung bicyclic bio hoa rat on dinh) va khéng
chita bisphenol A (loai bo lo ngai vé tac dong noi tiét cia BPA). Bén canh d6, isosorbide con bén
UV hon epoxy thom — phtt hgp cho son phu khong & vang[65][66]. Du vay, epoxy isosorbide c6
dd nhét kha 16n va nhiét do hoa mém cao, doi khi gay kho khin cho thi cong néu dung 100%
isosorbide epoxy. Do d6, mét s6 cong thirc két hop isosorbide epoxy voi epoxy long khac (nhu
epoxy aliphatic hoic epoxy Novolac) dé diéu chinh d6 nhét. Mot nhuge diém nita 13 gid thanh
isosorbide con cao so véi BPA, do quy trinh san xuat isosorbide tir sorbitol chwa thyc sy ré & quy
mo lon.

Uu diém chung: Nhom nguyén liéu carbohydrate cho phép tao ra nhwa epoxy hoan toan khong
phu thudc dau mé, v6i da dang mirc dg chirc nang. Tly polyol 3, 4, 6 hay 8 chic, ta ¢ thé thu
nhua epoxy c¢6 mdt do lién két khac nhau, tir 36 tinh chinh duoc Tg, dO cung, dO gion theo y mudn.
Céc din xuit duong (isosorbide, sorbitol) c¢o cdu triic no (khéng chira nhan thom), do d6 nhua
epoxy ciia chiing c6 d9 trong sudt cao va it vang héa khi phoi sang. Chung ciing khéng ddc hai
(nhiéu chét 1a phu gia thuc pham, vi du sorbitol diing trong keo, isosorbide an toan sinh hoc), gitip
cai thién an toan cho vat liéu tiép xuc thuc pham hodc thiét bi y té. Dic biét, kha ning chiu nhiét
ciia epoxy tir polyol carbohydrate c6 thé rit cao néu thiét ké hop 1y — do nhiéu nhém chirc cho
phép mang polymer héa day dic, cong thém mot s6 cau tric vong (nhu isosorbide) gia cd do cung.
Thém nira, cac polyol nay thuong co nhiéu tAm bat 601 (chiral), din dén mang polymer c6 thé phdn
ity sinh hoc tirng phdn khi xuc tac thich hop (mot s6 nghién ctru cho thay polyether tir isosorbide
6 thé thily phan cham, thuan lgi cho end-of-life ctia san pham €poxy).

Nhwoe diém chung: Pé nhét va kha nang gia cong la thach thie 16n voi epoxy da chuce tur
carbohydrate — vi du sorbitol epoxy ¢ dang ran, kho nong chay va hoa tron néu khong dung dung
mdi. Khi dong rin, nhiét téa ra rat 16n (do nhiéu nhém epoxy phan tmg toa nhiét), dé gay u nhiét
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cuc b 1am giam chit luong mang (hién twong qua nhiét). P gion ciing 14 van dé: epoxy da chirc
thudng cho vt liéu gion, it chiu va ddp néu khong két hop chat lam dai. V& nguyén liéu, du glucose
va tinh bot rat sdn, nhung cic budc chuyén hoa (hydro hoa thanh sorbitol, khir nu6e thanh
isosorbide) 1am doi chi phi. Hién nay gia isosorbide van cao hon nhiéu lan bisphenol A, han ché
Umg dung rong. Ngoai ra, mot s6 polyol c6 xu huéng hut 4m (wa nudc), can dwoc bién tinh kip thoi
thanh epoxy dé tranh hip thy nudc gay phan tng phu (nhu trong qua trinh glycidyl hoa).

Mirc dd nghién ctru & ng dung: Nhin chung, cac epoxy tir polyol carbohydrate dang chuyén
tir pha nghién ciru sang &ng dung. Epoxy isosorbide 13 dién hinh di c6 san phdm thwong mai
(Huntsman, Cargill) va duoc thir nghiém trong son powder coating, dién tir do tinh chiu nhiét cao.
Epoxy sorbitol va polyol twong tu hién c6 mat trong mét s6 h¢ son epoxy chiu héa chdt (do mang
ngang day dic, thich hop cho son chiu dung méi). Tuy chua phd bién, nhung vai nha cung cép
epoxy chuyén dung & Nhat va chau Au d ban nhya epoxy sorbitol nhu mot thanh phan ting cing
cho keo epoxy. V& phia nghién ctru, nhiéu cong trinh tap trung vao téi wu héa epoxy da chirc:
Pan va Webster (2011) da khao sat loat epoxy tir polyol 3 dén 8 chirc va nhan thay epoxy sucrose
8 chire cho co tinh cao nhit nhung gion, con epoxy glycerol 3 chirc cho do dai tét hon nhung Tg
thap[67] Gan day, hudng epoxy vitrimers (nhya epoxy co lién két dong) sir dung isosorbide 1am
mat xich ciing nhan duoc quan tdm, do isosorbide cung cap do ctng va kha nang phan huy khi két
hop nhom trao d6i[68]. Tinh dén nay, ing dung thye té clia epoxy carbohydrate chii yéu & quy
md nhé hoic trong cac sin phidm doi héi tinh ning didc thu (nhu son khong BPA cho thyc
pham, linh kién dién tir chiu nhiét). Tuy nhién, v6i ap luc loai bd BPA va nhu cau vat liéu xanh,
cac monomer epoxy tir glycerol, sorbitol, isosorbide dang dugc phat trién nhanh. Viéc di c6 nha
may san xuat epichlorohydrin sinh hoc tir glycerol quy mé cong nghiép ciing 13 budc tién 10,
gian tiép khang dinh vai trd ctia ngudn carbohydrate trong nganh epoxy[55][56]. Trong tuwong lai,
su két hop giita cac nhém nguyén liéu sinh hoc — lignin (thom), dau thuc vat (mém déo) va polyol
duong (da chitic) — hira hen tao ra nhwa epoxy sinh hoc t6i wu, vira co tinh nang cao vira thin

thién moi truong.
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I11. Két luan

Bio-epoxy 1a hudng di tat yéu trong nganh chit két dinh nham thay thé nhya epoxy hoa dau, giam
phu thu¢c vao BPA va dau mo. Voi uu thé vé nguyén li¢u nong nghiép phong phu, Viét Nam co
tiém nang trd thanh trung tdm san xuat nhua epoxy sinh hoc trong khu vuc. VCC, thong qua hop
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tac chién luge voi Truong Pai hoc Vit li¢u — Pai hoe Bach Khoa Ha N¢i, dang dat nén moéng
deé phat trién thé hé keo epoxy sinh hoc mdi, gop phan thuc day xu huong cong nghiép xanh —
bén virng tai Viét Nam.
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