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(57) Sang ché d& cap dén hé xuc tac Y(OH)/Zr(OH), dung dé tong hop axit lactic tir sinh

khéi, trong do pha hoat tinh la Y(OH); va chat mang Zr(OH), c6 dién tich bé mit riéng

16n. Quy trinh téng hop hé xuc tac ndy bao gdm cac budc: phan tan chat mang Zr(OH)4

vao trong nudc, thém cung luc dung dich YCl; va NH,OH dé tao két tia tai pH ndm trong

khoang tir 8 dén 10, loc va rira chét ran, sdy kho dé thu duoc hé xic tac.
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Linh vue k§ thuit dwoe dé cap

Sang ché dé cap dén hé xtc tac cho phan ng thiy nhiét chuyén hoa sinh
khdi thanh axit lactic trong méi truong nude. Cu thé 13, sang ché dé cap dén hé
xuc tac gdm ytri hydroxit [Y(OH);], chtra cht yéu nhém hydroxyl (-OH) trén bé
mit, mang trén ziricon hydroxit [Zr(OH),] ding dé chuyén héa sinh khdi thanh

axit lactic & diéu kién thiy nhiét.
Tinh trang ky thuit cia sang ché

Axit lactic 1a mot hop chit gia tri c6 nhiéu tng dung trong cong nghiép,
thuc phdm, dugc phém. Axit lactic ¢6 trong céc loai stta chua va cac thuc pham
1én men chua. Axit lactic duoc Gng dung dé san xudt céc loai hop chét c6 gid tri
cao nhu axit acrylic, propylen glycol, axit pyruvic. Axit lactic khi dugc este hoa
vo1 ethanol tao thanh ethyl lactat, la mot ciu thanh chinh cua dung moi sinh hoc,
nhdm thay thé dung méi hoa thach, gidm 6 nhifm moéi trudng. Mot san pham
khc tir axit lactic 14 poly axit lactic ding d& san xut nylon phan hiy sinh hoc,

mot san pham than thién vé1 moi truong.

Hién nay, axit lactic thuong mai chii yéu duoc san xuat tlir qua trinh 1én
men duong va tinh bdt. Qua trinh nay cé nhiéu han ché nhu dién ra chim, tinh
ché san phém phuec tap, thiét bi céng kénh. Thém nita, viéc phéai thém lién tuc
mudi kiém vao dich 1én men dé gitt pH én dinh s& tao ra mot lwong san pham
phu rét 16n, thong thuong 1 tAn mudi trén 1 tAn axit lactic tao thanh. Chinh vi
vdy, viéc nghién ctru san xudt axit lactic tir ngudn sinh khéi khong an dugc, ré
tién chéng han nhu xenluloza, gd tap, rom ra, ... bang phuong phép héa hoc |
nhim ting hiéu qua cla qué trinh san xuat. Trong sb cac phuong phap hoéa hoc,
qua trinh san xuét axit lactic bang xuc tac di thé dugc chi y nhét vi ting tbc do
phan tmg, quy trinh tinh ché san phidm don gian, c6 thé tai st dung xtic tac. Nam
2011, Flora Chambon va c¢dng su (Cellulose hydrothermal conversion promoted

by heterogeneous Brensted and Lewis acids: Remarkable efficiency of solid

_2-



30607

Lewis acids to produce lactic acid, Applied Catalysis B: Environmental 2011,
105, 171-181) da st dung xuc tac WO;/ZrO; (ZrW) va WOs3/Al,03 (AIW) cho
phan tmg chuyén hoéa xenluloza thanh axit lactic véi hidu suét lan luot 1a 28
mol% va 19 mol% & nhiét d6 190 °C trong 24 gio. Yang va cong su (Effect of
redox properties of LaCoQj perovskite catalyst on production of lactic acid from
cellulosic biomass, Catalysis Today, 2016, 269, 56—64) da chuyén hoa xenluloza
thanh axit lactic voi hiéu suét dat 24% béng xuc tac perovskite LaCoOs & nhiét
d6 200 °C trong 1 gio. Hou va c¢ong su (Synthesis of Pb(OH),/rGO Catalyst for
Conversion of Sugar to Lactic Acid in Water, Chin. J. Chem. Phys., 2015, 28
(4), 533-538) st dung xtc téc Pb(OH),/rGO dé thu duoc axit lactic véi hiéu suat
32% tur xenluloza & nhiét @6 190 °C trong 4 gid. Hiéu suét axit lactic dat trén
50% cling da duoc cong bd dua trén mot sb hé xtic tac nhu: Wu va dong nghiép
(Erbium/B-zeolite-catalyzed one-pot conversion of cellulose to lactic acid,
Journal of Porous Materials, 2017, 24 (3), 697-697) da dat duoc hiéu sudt 58%
axit lactic khi st dung xtc tac Er/Beta-zeolite & 240 °C trong 30 phut hay Wang
va cong su (Conversion of cellulose to lactic acid catalyzed by erbium-
exchanged montmorillonite K10, Green Chem., 2015, 17, 2455-2463) da dat
duoc 68% hiéu sudt axit latic khi sir dung xuc tdc montmorillonite K10 trao d6i
Er & 240 °C trong 30 phut. Tuy nhién, hai hé xtc tdc cia Wu va Wang ¢6 han
ché 14 ti 1& nguyén liéu/dung moi rat thdp, do do, ndng d6 ctia san pham axit
lactic trong dung dich sau phan g qué thép, khéng c6 tinh hidu qua vé kinh t
khi tinh ché. Ching t6i (ZrW catalyzed cellulose conversion in hydrothermal
conditions: Influence of the calcination temperature and insights on the nature of
the active phase, Molecular Catalysis, 2019, 476, 110518) cling da phat hién ra
rang trong hé xic tdc WO3/ZrO,, pha hoat tinh chinh 1a ziricon oxyhydroxit
[Z105..(OH)x] chir khong phai 1a pha WOs. Tuy nhién, hidu suat tao axit lactic
ctia hé xuc tac nay rat thip, chi cé khoang 12% & nhiét d6 190 °C trong 3 gio.

Chinh vi c4c xtc tac di thé ¢6 nhitng nhuoc diém nhu khéng bén, dé tan
trong moi truong phan ung, diéu kién phan tmg khéc nghiét, hodc hiéu suét

khong cao nén hién nay céng nghé san xuat axit lactic chi yéu van phu thude
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vao qud trinh 1én men ttr tinh bdt va duong. Do d6, céc tac gia sang ché cb ging
tim kiém hé xtc tac c6 thé chuyén hoéa hidu qua sinh khéi thanh axit lactic (hiéu
sut 16n hon 40%), didu kién phan tmg khong quéa khac nghiét, ¢6 thé ng dung

cho phéan tmg san xuét axit lactic tir sinh khéi & quy mo cong nghiép.
Ban chat ky thuit ciia sing ché

Muc dich cta sang ché 1a d& xuit hé xic tac va phuong phép san xuét hé
xtc tac gdm ytri hydroxit, chira chi yéu nhém hydroxyl (-OH) trén bé mit,
mang trén chit mang ziricon hydroxit ding dé chuyén héa sinh khéi thanh axit
lactic & diéu kién thuy nhiét.

Trong cac nghién ciu trude ddy, hoat tinh cta xtc tdc dugc mo ta phu
thudc chil yéu vao tdm axit Lewis cla cta kim loai hoat héa. Tuy nhién, ching
t61 phat hién ra rang ytri hydroxit c6 thé chuyén héa hiéu quéa xenluloza va gb
thanh axit lactic. Nguyén nhén cta hién tuong nay la vi ytri hydroxit chira hoan
toan cac nhém chirc —OH trén bé mat ma khéng hé cé cdc nhém chire nao khac,
do d9, tang kha nang xuc tién cho phan tng tao thanh axit lactic, gidm céc phan
Ging tao thanh san phim phu khac. Tuy nhién, ytri hydroxit bi han ché béi bé mit
riéng thép, lam giam hiéu qua xdc tac. Vi vy, ching t6i da tién hanh mang ytri
hydroxit 1én chit mang ziricon hydroxit c¢é dién tich bé mit riéng 16m hon 100
m?/g, ¢6 hoat tinh va bén trong moi trudong phan tng thiy nhiét dé tang hidu qua
xtc tac cho phan tmg tao axit lactic. Hé xuc tac Y(OH)s/Zr(OH)s c6 hoat tinh
ting manh so voi chi st dung riéng r& Y(OH); hodc Zr(OH), do da két hop duoc
thé manh ctia ¢4 Y(OH); & uu diém hoat tinh cao, cling nhu Zr(OH)4 ¢ dién tich
bé mit riéng 16n. Nhu vdy, véi viéc mang Y(OH)s, c6 hoat tinh xuc tac cao do
b& mit chira hoan toan nhém chirc —OH, 1én chit mang Zr(OH)s ¢6 dién tich bé
mit riéng 16n, ¢6 hoat tinh va bén trong mdi trudng phan tng, da tao thanh hé
xtic thc Y(OH)y/Zr(OH); c6 thd chuyén héa hiéu qua sinh khdi thanh axit lactic
(hiéu suét 16n hon 40%) va bén trong mdi trudng phéan tng, phu hop cho viée
san xudt axit lactic tir sinh khdi & quy mé 1én.

Quy trinh san xuat hé xtc tac bao gom:
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Bué6e 1: Phan tan chit mang Zr(OH), thuong mai véi dién tich bé mit
riéng cao hon 100 m?/g vao nude sach theo ti 16 tir 1:5 dén 1:30 vé khdi lugng,
khudy déu 15 phut.

Budce 2: Thém cung lac dung dich mudi YCl; ndng db tir 0,01 M dén 5 M
va dung dich NH,OH ndng d6 tir 0,01 M dén 5 M véo chit mang da phén tan.
pH ctia hdn hop phan tng duge kiém soat nam trong khoang tir 8-10. Tai day, sé
c¢6 phan tng thiy phan tao ra Y(OH); két tia:

YCl;+ 3NH4OH — Y(OH); it 3NH4Cl

Céc két tia nay s€ bam vao chat mang Zr(OH)s tao thanh hé xuc tac
Y(OH)3/Zr(OH)s. Qua trinh phan Gng két thuc khi ham luong cia Y(OH); chiém
tir 1% dén 30% khéi luong so v6i Zr(OH),.

Buée 3: Loc két tia, rira 4 1an bang nudc sach dé loai hét ion clo trong

Budc 4: Sdy mau & khoang nhiét do tir 100 °C dén 150 °C trong 6 gid thu
duoc hé xtc tac Y(OH)3/Zr(OH)s cho phan Ung tao thanh axit lactic tir sinh
khi.

Hé xac tac Y(OH);/Zr(OH)4 khong chi co thé chuyén hoéa hidu qua
xenluloza va g thanh axit lactic ma lai con bén trong méi trudng thity nhiét do
ca Y(OH); va Zr(OH); déu khéng tan trong nudc, ké ca & nhiét d§ cao, cho phép
thu hdi xdc tic sau phan tng va tai sit dung dé dang.

MG ta chi tiét sang ché

Thuét ngft “sinh khdi” duoc st dung trong séng ché nay c6 nghia 1a cac
loai duong, tinh bot, xenluloza, hemixenluloza, g0, phu phdm néng nghiép nhu
rom ra, tro trdu, 13i ngo, ..., trong do6 tap trung chu yéu vao xenluloza va gS,
dung lam nguyén liéu cho phan img téng hop axit lactic.

Thuét nglr “mdi truong thuy nhiét” duoc st dung trong sang ché nay c¢6
nghia 1a méi trudng phan Gng véi méi truong 1a nude ¢ nhiét do cao tir 170 °C

dén 300 °C 4p suét tir 5 bar dén 80 bar d& chuyén hoa sinh khi thanh axit lactic.
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Thuét nglt “nudc sach” dugc sir dung trong sang che nay c6 nghia la nudc

cat hodc nudc khtr ion st dung dé tong hop xuc tac.

Thuét nglt “Zr(OH)s thuong mai” dugc st dung trong sang ché nay cé
nghia 1a Zr(OH); mua & ngoai thi truong béi cac nha cung cép, cé dién tich bé

mit riéng 16n hon 100 m%g dung dé tong hop xuc tac.

Hé xtc tac Y(OH)s/Zr(OH), ding dé téng hop axit lactic tir sinh khdi,
trong d6, pha hoat tinh 1a Y(OH); va chit mang Zr(OH),. Quy trinh san xuét hé

xUc tac bao gdm céc budc:

Bude 1: Phan tan chit mang Zr(OH), thuong mai véi dién tich bé mit
riéng 16n hon 100 m?*/g vao nudc sach theo ti 1€ tir 1:4 dén 1:30 vé khéi luong,
khudy déu 15 phut.

Bude 2: Thém cung lac dung dich mudi YCl; ndng do tir 0,01 M dén 5 M
va dung dich NH,OH ndng do tir 0,01 M dén 5 M vao chit mang d phan tan.
pH cta hdn hop phan tng dugc kiém so4t ndm trong khodng tir 8-10. Ham
lugng ctia Y(OH); chiém tir 1% dén 30% khéi lugng so véi Zr(OH)s.

Budc 3: Loc chét rin. Rua 4 14n bang nudc sach dé loai hét ion clo trong

Buéc 4: Sy mAu ¢ nhiét do tir 100 °C dén 150 °C trong 6 gid thu duoc hé
xuc tac Y(OH)3/Zr(OH)s.

Trong d6, ndng do cua mudi YCl; & bude 2 nam trong khoang 0,01 M dén
5 M, tét hon 1 nim trong khoang 0,1 M dén 1 M, t5t nhat 12 nam trong khoang
tir 0,1 M dén 0,5 M. Néu néng do cua YCl; thép hon 0,01 M thi lugng dung dich
can dé téng hop qua 1ém, thoi gian phan Umg qué 1au va thé tich binh phan (mg
cling 16n. Néu ndéng d6 mubi YCl; quéd cao, khéng thé tan hoan toan trong dung
dich, Y(OH); tao thanh s€ khong phan tan tSt trén chét mang.

Ham luong cia Y(OH); trong bude 2 chiém tir 1% dén 30% khdi luong
so0 v6i Zr(OH),, tot hon néu ham lugng Y(OH); chiém tir 5% dén 20%, tot nhat
néu ham luong Y(OH); chiém tir 10% dén 20%. Néu ham luong Y(OH); qua
thép thi hoat tinh cta hé xic tic khong dat yéu cdu. Néu ham lugng Y(OH); qué
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cao s& lam giam bé mit riéng cua xtc tac tong hop dugc, lam giam hoat tinh xtc
tac.

Nhiét d6 sdy xtc tac trong bude 4 ndm trong khoang 100 °C dén 150 °C,
t6t nhat néu nhiét dd ndm trong khoang tir 110 °C dén 120 °C. Néu nhiét do séy
qua thép xac tac sé 1au kho. Néu nhiét do qua cao cd thé lam giam lugng nhém
chtrc —OH trén bé mat cua xuc tac, lam giam hoat tinh xtc tac.

Vi du thue hién sang ché

Sang ché s& duoc hiéu mot cach 16 hon tir cac vi du duéi day. Cac vi du
nay chi ¢ tinh chit minh hoa nhung khong lam giéi han pham vi bao hd cta
sang ché.

Vidul

Téng hop 5%Y(OH)s/Zr(OH),

Buéc 1: Phan tan 5 kg Zr(OH), vao 100 lit nude trong thiét bi khudy 200
lit, khudy déu trong 15 phut.

Budc 2: Hoa tan 0,54 kg YCl5.6H,O vao 38 lit nudce tao thanh dung dich
0,1 M. Bom dinh luong cung luc dung dich 0,1 M YCI; va dung dich 0,1 M
NH,OH vao thiét bi khudy 200 lit & trén, duy tri khudy & 150 vong/phit, pH
nim trong khoang 8-10. Sau khi bom hét dung dich YCl;, tiép tuc khudy 15 phut
d& phan mg tao két ta xay ra hoan toan.

Buée 3: Loc thu ldy chat ran trong hdn hop sau phéan tng, rira bang nudc
deion 4 lan dé loai hét ion clo.

Budc 4: Séy & nhiét d6 110 °C trong 6 gio thu duoc 5,22 kg xuc tac.
Vidu?2

Tbng hop 10%Y(OH)/Zr(OH),

Budce 1: Phén tan 5 kg Zr(OH)4 vao 100 lit nudc trong thiét bi khudy 200
lit, khudy déu trong 15 phit.
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Budc 2: Hoa tan 1,08 kg YCl3.6H,O vao 38 lit nudc tao thanh dung dich
0,2 M. Bom dinh lugng cing lic dung dich 0,2 M YCl; va dung dich 0,2 M
NH,OH vao thiét bi khudy 200 lit & trén, duy tri khudy & 150 vong/phut, pH
nam trong khoang 8-10. Sau khi bom hét dung dich YCls, tiép tuc khudy 15 phut

d& phan tng tao két tia xay ra hoan toan.

Budc 3: Loc thu 14y chét rén trong hdn hop sau phan tng, rira bang nudc

deion 4 1an dé loai hét ion clo.

Budc 4: Say & nhiét d6 120 °C trong 6 gid thu duoc 5,40 kg xtc tac.
Vidu3

Thir nghiém hoat tinh va do bén xtc tac 5%Y(OH)s/Zr(OH)4

Cho hdn hop phan tng gdm 0,5 kg xtic tic 5%Y(OH)s/Zr(OH), trong vi
du 1, 2 kg xenluloza va 50 lit nudc cit vao thiét bi phan tmg cao 4p. Gia nhiét
thit bi phan tmg dén 210 °C va gitt trong 60 phit. Lam ngudi thiét bi, loc tach
xtc téc va thu san phdm 16ng. Tién hanh phan tich sin phim trong pha long
bang sic ky long hiéu ning cao. Hiéu sut axit lactic thu dugc sau phan ung la
41,2% mol. P bén cua xtc tac duoc xac dinh thong qua nong do cua cac
nguyén t& Y va Zr trong dung dich sau phan Ung bing méy quang phd phat xa
plasma (ICP-OES). Két qua cho thdy ndng do cia cic nguyén t5 Y va Zr déu
nho hon 100 ppm.

Viduy4
Thtr nghiém hoat tinh va do bén xtc tac 10%Y(OH)s/Zr(OH)4

Cho hén hop phan tng gdm 0,5 kg xtc tac 10%Y(OH)s/Zr(OH), trong vi
du 2, 2,5 kg xenluloza va 50 lit nuéc cét vao thiét bi phan tmg cao 4p. Gia nhiét
thiét bi phan mg dén 240 °C va giit trong 30 phuat. Lam ngudi thiét bi, loc tach
xUc tac va thu san phdm long. Tién hanh phan tich san pham trong pha léng
bang sic ky 1ong hiéu ning cao. Hiéu sudt axit lactic thu duoc sau phan tng 13
49,7% mol. DO bén cua xuc tic dugc xac dinh théng qua néng dd cua cac

nguyén t6 Y va Zr trong dung dich sau phan tng bing may quang phd phat xa
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plasma (ICP-OES). Két qua cho thiy ndng d6 ctia cac nguyén t6 Y va Zr déu
nho hon 100 ppm.

Vidu5
Thir nghiém hoat tinh va d6 bén xuc tac 10%Y(OH)s/Zr(OH),

Cho hdn hop phan tng gdm 0,5 kg xtc tac 10%Y(OH)s/Zr(OH), trong vi
du 2, 3 kg gd thong kich thuéc nhé hon 100 pm va 50 lit nudc cit vao thiét bi
phan tmg cao ap. Gia nhiét thiét bi phan tng dén 240 °C va gift trong 30 phut.
Lam ngudi thiét bi, loc tach xuc tac va thu san pham 1éng. Tién hanh phan tich
san phdm trong pha 16ng bang sic ky 16ng hidu ning cao. Hidu suét axit lactic
thu dugc sau phan tng 13 47,5% mol. D bén cia xuc tac duoc xac dinh thong
qua ndng dod cua cac nguyén t& Y va Zr trong dung dich sau phan tng bang méay
quang phd phat xa plasma (ICP-OES). Két qua cho thay ndng do ctia cac nguyén
t6 Y va Zr déu nh6 hon 100 ppm.

Vidu6
Thir nghiém hoat tinh va d6 bén xtc tac 10%Y(OH);/Zr(OH)s

Cho hdn hop phan tng gdm 0,5 kg xtic tic 10%Y(OH);/Zr(OH), trong vi
du 2, 3 kg rom kich thudc nhé hon 200 pm va 50 lit nudce ct vao thiét bi phan
Ging cao 4p. Gia nhiét thiét bi phan tmg dén 240 °C va gift trong 30 phut. Lam
ngudi thiét bi, loc tach xuc tac va thu san phdm 1éng. Tién hanh phan tich san
pham trong pha long bang sic ky 1éng hidu ning cao. Hiéu sudt axit lactic thu
duoc sau phan tng 1a 45,8% mol. Do bén clia xtc tac dugc xac dinh thdng qua
ndng dd cia cic nguyén t6 Y va Zr trong dung dich sau phén tng bang may
quang phd phat xa plasma (ICP-OES). Két qua cho thdy ndng d6 clia cac nguyén
t8 Y va Zr déu nho hon 100 ppm.

Nhiing loi ich ¢6 thé dat dugc

Hé xuc tdc theo sang ché cé kha nang chuyén hoa hiéu qua sinh khoi

thanh axit lactic. Ngoai ra, xtic tac bén trong moi truong phan tng, cd thé thu
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hoéi va tai sinh xuc tac d& dang, cho phép tmg dung xic tdc & quy md cong

nghiép. Quy trinh ché tao xtic tic don gian va c6 thé san xuat & quy mo 16n.
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YEU CAU BAO HO
1. Hé xuc tac Y(OH)3/Zr(OH), ding dé tong hop axit lactic tir sinh khéi, trong
d6 pha hoat tinh 13 Y(OH); va chat mang 13 Zr(OH),, trong d6 luong Y(OH);
nam trong khoang tir 1% dén 30% khéi lugng so véi Zr(OH),.

2. Quy trinh san xuét hé xtc tac Y(OH); trén chét mang Zr(OH)4 bao gdm céc
budc:

- phan tan chit mang Zr(OH), v6i dién tich bé mit riéng cao hon 100
m¥g vao nude sach theo ti 18 tir 1:4 dén 1:30 vé khéi lwong, khudy déu 10 phut;

- thém cung luc dung dich mudi YCl; néng do tir 0,01 M dén 5 M va dung
dich NH,;OH néng d6 tir 0,01 M dn 5 M vao chét mang Zr(OH)4 da phan tan,
trong d6 pH ctia hdn hop phan tmg duogc kiém soét nim trong khoang tir 8 dén
10 va ham luong ctia Y(OH); chiém tir 1% dén 30% khdi luong so véi Zr(OH)s;

- loc chét rén, rira 4 1an bing nudc sach dé loai hét ion clo trong mau;

- shy mAu & nhiét do tir 100 °C dén 150 °C trong 6 git dé thu dugc hé xtc

the Y(OH)s/Zr(OH).
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