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RS =

ofg] 714 At FullE ©]8381e] 2-naphthol?} oEH2] oflHl 23} Whe-S A8lSict. & Atol|A] Fnlli= CNS,
CNSWS, SCMS, MCF, SBA-15%} ©] Fnljel| sulfonic acidE <! CNS-SO;H, CNSWS-SO,H, SCMS-SO;H, MCF-
SO;H, SBA-15-SO;HE AM-31t). RS2 180 °C, LHSV=1 h!, ol&-&/2-naphthol®] & 1] 2091 A0 Z vAS
w870l 4] BhS5lo] 2} ZnjollA] 2-naphthol®] A3H&-T} 2-naphthyl ethyl etherd] ABI%EZ Z43513it}). 2-naphthol®]
823} 2-naphthyl ethyl ether®] MBI == carbon A|G 2] 1AXt Fufjo A B} silica AG 2] A4l FoflollA o =
Al VEFATE. silica AlG ] At FmljollA] 2-naphthol®] 3HE-2 70~90%, 2-naphthyl ethyl ether®] AEI%== 90%
oo s vepsith Fule] 545 #Es] 918 XRD, SEM, TEM, NH;-TPDE F-3313it.

Abstract — The etherification of 2-naphthol with ethanol has been carried out over various solid acid catalysts. CNS,
CNSWS, SCMS, MCEF, and SBA-15 with and without sulfonic acid were used in this study as solid acid catalysts. The
conversion of 2-naphthol and the selectivity of 2-naphthyl ethyl ether were obtained at reaction temperature = 180 °C,
LHSV = 1 h’!, ethanol/2-naphthol molar ratio = 20 using a fixed-bed down flow reactor. The conversion of 2-naphthol
and the selectivity of 2-naphthyl ethyl ether over silica group catalysts were higher than them over carbon group cata-
lysts. The conversion of 2-naphthol was 70-90% and the selectivity of 2-naphthyl ethyl ether was more than 90% over
silica group solid acid catalysts. It was performed XRD, SEM, TEM, and NH;-TPD to characterize solid acid catalysts.
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FASA, A, DEA 9 ALGAZ A= = naphroxen(6- 2R TH4]. A S| 2 Z2)Ak-S 33t Filtor-249) K-10[1], SO,>
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ethers 5= ARg-slo] wh=tt. oJokaAl glole St b Al s At o] Adeol AR Askee wA S EsEsl o]
Z0] duRS AREUHI]. ol s FdsiE Tk 248 RteE = B957] 98 H-MOR, H-ZSM-5, H-Beta zeolite 5-2] TA) =
71EA oM AF |2 H,S0,, HCL, AICL, 50] ARE-EIT), 4 S o] gate] 1T Wk oM AES Faslo] Fulel o] 2
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A} o 58 AR Qv 5, g, frall 212 AlA T o] AltiF eqteks A8V
"To whom correspondence should be addressed A SOER A7) T A2 e,
E-mail: chulwee@pkrict.re,kr ' Fig. 1> 2-naphthol} ell&h&-2] of[e| =3} WI-3-& =2]3} g lolr}.,

279



280 Z1%%1 - Sharad Durgashanker Bhatt -

0C,H;

OH
Solid acid catalyst
+ CHsOH ——— + H,0
180°C

2-naphthyl ethyl ether

= 2-ethoxynaphthalene(neroline- 1)

Fig. 1. Reaction scheme in the etherification of 2-naphthol with etha-
nol over solid acid catalyst.

Kirumakki S[5}> Al&20]E H-B, #A122}o]E H-Y, H-ZSM-5 5-<]
Z1lE ARSI dimethyl carbonate(DMC)2} MIEHE-0ll4] 2-naphthol
o] S L:rL SHATE A3 gA| 2A4] WigkET} DMC AR
o] B-Eal1 o] & -naphthol®] &AL WALE
= Langmuir Hinshelwood B El|2] 538+ Fdle| wSIT} H forme] %
WIE-L Bmsted acid®. 2851510}, ZHjo] Tell= g7} Qo] A4
<= Fdsoivh. USRREAE viRke-S AFSE = FARER E0)
AFE AL, DMCE AR = FAME2 0,90 Mgheo) *@”Q
Stk S ol Q= Ao 2-naphtholy} LAIEEA7} S5
o] &4J3} ¥ A of| w2} 2-naphthol®] WE 11g]o] Q1= ehans}
Agksk= C 017@}':'}9—3} 2-naphthol®] OH7Z|ol Q&= A9} WS-
3= O-4A RS A EL] ofo] depxictar stk Als =712 A
st gt ZSM-5ET AlE&etolE B} Al&etolE YA 2-
methoxynaphthalene®] 4=&¢] o <=3t} 12]1 Al2ERIE Y
R} Aol E oA methylatlono] U Z o] FojRlt}. o3 &
ZEA719) 4ol B W] A Ao s Tt Fulf 3] AF
A %=7} 23481A 2-naphthol J_E] °] o] Ad oz sl 2-
naphthol 172]9]] C-23pk-50] doup= Aoz dezlthe).

A7l4= 2-naphthol} ©&h&-2] ofH| =3} W-8-& 117
,_7101]/\1 23510t} QUL B = BEe EXS Jha
3}8} Z71AIQ1 2-naphthyl ethyl etherS- A4/ SH=1l] "éhol g A
o7 odu vz Mlwre] ik Sl (CNS-SO;H, CNSWS-SO;H,
SCMS-SO;H, MCF-SO;H, SBA-15-SO;H)E 51} SBA-159)
MCF:= silicas o835} ThE vz Ala-e] Full2 de] d#4 Sl
CNS(carbon nano sphere)= W& Alg- T3 A& k= &o] € |l
Te] 'h2olth ONSE WHE7] S8l FHEs ARkt T12l0]
HEE w2 AlE 739 silica &2 Q1 SCMS(silica core/mesoporous
shello]th. SCMSE TR &% ARE3te] Aol akE ¢Js]a
SIAIZ] ol eFdsle] FEEZ AR silica 291 SCMSE %@0]
0] CNSE RHET). CNSWS(cabon nano sphere with silica)= o117
Yo SCMSE i =07 Qo] :rL?-ﬂ/] silica’} 501 =S Wk
E Aot} o]&A I3 Zjo} M3y A ] X Aso) 7P 9
3l H-Beta zeoliteS 714 1L 2-naphthol-/1 ?}gﬂr 2-naphthyl ethyl
ether®] MBAEE B Wt B o] BAL Alzo] 714 9453
FullE a1 T @A) FTFS FE QRS Fol A e
] 5435 FAste] Whgell wix= JEkE 2Pk Aot
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2-1. S0 =Y
2-1-1. ©A& AlGe] F) 3
o182 vZ AMlE E4x(carbon nano sphere, CNS)= 2
7S ARSSE TR AT T]. Hlx Al HEgt

3|55t H46H H|2S 20084 48

ST - A3 - o8 - o]HS

FHE Azxstr] fs olgE : FFS : NH,OH: TEOS :
C,sTMS = 1,000 ml : 80 ml : 40 ml : 102 ml : 17 mIE AFHE-33
o} #H= 10 g} paraformaldehyde 5 g= ollghEo] =of A7t
ol A3, A} 8% A7k F8E 900 °Collx] ©EhAA
A7t Tl T IR RS EQth o AR e
7HE 25% HF N0 o] &o] njojglE vz Al 'AE §
ettt AEl7t o9l = MlE ®hx(carbon nano sphere
with silica, CNSWSy= FEH o2 SFE] wlx Alg &5
71 A e gollA HF §A 0= ogste] Az=si3it).
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B Ao ARESE v Al *‘ﬂ?ﬂol el aviie W
of] e} A|23ISITHS, 9]. SBA-15= AW &34 Pluronic P123(M,,
= 5800, EO,,PO,(EO,, Aldrich) 12 g& 55 90 goll %591 5, 2M
HCI 360 g& dof zARutt2 2 wRkAJH o] &, Aejohai
Q1 tetraethylorthosilicate(TEOS, Samchun) 27 g& 5715101 100 °C
oA 48 h B WHIAATE FUSHA F wRkE A4S T2 g
S719 %71 110°C 2B Y1 48 h F<F X 3, SFHFE
A8kl AFHEE o] g3t Aeuigict. oA 4L A
< 110 °CellA 72171 Fofl 550 °Coll] 6 h §3F 2°dA1# SBA-
155 Adsisitt.

T O vz Ay AA9]EQl MCFE Pluronic P123
10 g= SHT 75g0l =50l 2 EAAZITh o] &el 1.35-
Trimethylbenzene(TMB S mesitylene) 14.28 g3t 2M HCI 300 g&

231 A E 1 h §<QF WRIAZIEE TEOS 27.3 g& F7}8to]
100 °CollA] 24 h E9F o wHHAZl F 2 wh-s7]o] A
110 °C 22of ¥ 48 h 2 SAAAHY. SF7HFZE A st
AFHZE o] g3lo] Aejdl Fofl 110°ColH ARAIFATE 550 °C
ol 6h Ft A MCFS d3153TH10-12].

T89] vz Ml A2]7H(solid core/mesoporous shell, SCMS) &
"= CNSE Alx87] flal ARg-ah= F3=olrt. oles 1,000 ml,
S5 80 ml, NH,OH 40 ml, TEOS 102 ml, C;TMS 17 mI& %
E3stal W FrE ARgete] deldl -, A7) 3L aAske] vE

EACHTI.

2-1-3. ¥ AlGe] A 3

CNS 1.5 g& #3HaH>96%) 8.75 mIe} 2l KS0, 26-29.5
Wi%) 5ml £ golle]l Y1 A4 7-917]elA 150 °CE 15h &<t

AS lelal o2 25 WEY o] £ T/HS 100 ml
£ 93 JIFPEE o] g3l AUy F4o] d W7k SR
(>80 °0)& MF3E &, 110°C 2of 71FA|# CNS-SO,HE Al

SFACH13]. 22> BHOE CNSWS-SO,HE #1Z3}9th.

2-1-4. A7} Al A=l 943

SBA-15 1.7g¥ 3-mercaptopropyltrimethoxysilane(MPTES)
1.7 mle] EES 55790 25 mlE 24 h 52 2lEHA A £ &
Fellow AlFste] deju] Aeelld AEAIIT o] gA e 1A
TS 30% ZRFsEA 3.75 mig) WigkS 8.0 mioll ¥War 60 °Cel
A 24 h FE ARSARL Sl MeE R *ﬂ“’ st e WE} £l

I AIZE 0.1 M HySO,(1 wt%)oll 4 h 53 ol 52 & gt
== AlFs] de] o] Aelld 1xAA SBA-15-SO;HE Al
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Z351TH14-18]. FL 3 W O Z MCF-SO;HS} SCMS-SO;HE
|23k

2
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2-2. 0 HS A

2-Naphthol(99.0%, Samchun)?} “1§+2(99.9%, Samchun)s HH-§-
R ARSIt

el Bkl FuE ¥al, FAP] 9= E o] gste] S
ol W5 AAs] FUsI 5 he HEEAIRE F<k il 30
wolok AlRE AFske] BAsIT okt S e =
Aksl7] f1ste] A3 ArellA 7HE Adso] 2 H-Beta A&t}
olEo] tt HA A zHow AASATH4]. WA o
=3 2o} et sl A Whg-E 2] &1 (2-naphthol: o &HE)=
1:20, ¥H&-7]9] %% 180 °C, LHSV =1 h'o]t}. nkg-Ex} A
AAEL ofghgo] 3A&ke] HP-530m X 0.25 mm X 0.25 pm
Film Thickness) capillary column¥} FID detector”} =%
GC(DS6200, Donam Instruments Inc.)& 4351310}, 2-Naphthol 2]
A 383} 2-naphthyl ethyl ether®] ABIT+= 2] () )=
Areraict.

([2—naphtol];,—[2—naphtol],,,)

100 1
[2—naphthol],, ) @

X2—naphthul(%) =

X waphiois 2-naphthol®] €801}, [2-naphthol ], HEg- %1°]
T FE0]3L [2-naphthol] > RES- $-2] FA| solt}.
[ether]

ou_ 100 )

Sener(%0) =
ether(70) [product], ;.

S 2-naphthyl ethyl ether®] B =0]c}, [ether], = A%
2-naphthyl ethyl ether®] -7 F%=0]3L [product],,, ~ <A A=
o] A Freolrt.

2-3. Ff 54 #M

Zmle] HeE #Es17] $180 scanning electron microscope(SEM)
3} transmission electron microscope(TEM) 412 3131, Fjj 9]
A74/3& ERI517] S8l Cu tube®} graphite monochromator?} -
=g Rigaku D/MAX 2200V X-ray diffractometer= XRD HA
& TS N, & - BF T2 AEE 200 °ColA 4h
Rt B7IAZL - TriStar 30005 ARE-8te] S80It HlER 4]
< brunauer-emmett-teller(BET) method, pore volumeZ} pore size
distribution barret-joyner-halenda(BJH) methodZ-E] A4t}3]
th Fu| BHe A EE SH5] st NH; o2 2 (NH;-

TPD) A3 eHIT. NH,TPD A8 theal gek, viA & e 0. 2C0 g cC

v 0.1 g& 550 °CollA 5h Bt 2AGAHTE $245 5% 10 °C/minS Fig. 3. SEM images of (a) SCMS and (b) CNS.

2 A2oM 450 °CO7HA] 25E & F 450 °ColA 2h B LF

kA2 A Y 3Tk 100 °ColA 1 h E<h gheol 7kAS &3 7k22 Bof Yol 91t} 19,20]. 100 °ColA] 800 °C7HA] 5 °C/min
AFIL, EFEE wiAlE] 8 2 =elA 303 Bt dF o7 H&A7IH NH, 22 48 A}

Table 1. Physical properties of various solid acid catalysts prepared in this work

Catalyst Surface area Sgg(m?/g) Total pore volume me(cm3/g) Average pore diameter d,,,(A)
SBA-15 761 1.18 62.1
SCMS 476 0.46 382
CNS 1000 0.90 35.9
CNSWS 402 0.37 36.7
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Fig. 4. XRD pattern of (a) uncalcined SBA-15 and (b) calcined SBA-15.
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Fig. 5. N, adsorption-desorption isotherms of (a) SBA-15, (b) SCMS, (c¢) CNS, and (d) CNSWS included pore size distribution by BJH desorption.
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Fig. 6. Variation of conversion of 2-naphthol with reaction time over
(a) mesoporous solid catalysts and (b) mesoporous solid acid
catalysts treated with sulfonic acid. Reaction conditions:
LHSV=1 h''; Temp =180 °C; 2-naphthol/ethanol(mol/mol) =
1/20 [-S of (b) means sulfonic acid group(-SO;H)].

ot} -2 180 °CollA 5 h 5t HHg-3h mjl 30wt AlRE
ANFBIIL GCE A8t Anks At AbslAe] A Fujje] 25
= A3go] 50% oJUlZ Yo, akslxelE gt o]Fe] A
T 287 ks wirn) Askgo] FISISITE ' AlE ] v
CNS-SO;HS} CNSWS-SO;HS] H3H&2 20~40%, 227t Al
o] #uj SBA-15-SO;H, MCF-SO;H, SCMS-SO;HS] H3H&-2
50~60% Ikl ksl el g &t o] %] Aujzt Al Full= vk
§o] M= Sh Bk Akgo] HA; F7leto] fAlwE v, Ak
sAElE sP7] o9 wa Ald Fulls qEgARIo] Aol whet
Agkgo] 7145} o2 vl % Al 3] 1A Z0i¢} sulfonic acid
group®] = W2 AT wARRE Full2 Adste] B2 2-naphthyl
ethyl ether®] A EIXZ0]tH(Fig. 7). Abskalg] o] H 9] Sujjojx= A&
S7F 0%3ict. AbskAe] o] %] Auj7h Ald Fule] MEEE 90%
o oI AN, AbsEA ] o] F2] whA Ald FHule] AS A
20% w5kl ATt

Fig. 8 sulfonic acid group®] 1= Fe} Sl Follx g
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Fig. 7. Variation of selectivity of 2-naphthyl ethyl ether with reaction
time over (a) mesoporous solid catalysts and (b) mesoporous
solid acid catalysts treated with sulfonic acid. Reaction condi-
tions: LHSV =1 h’'; Temp = 180 °C; 2-naphthol/ethanol(mol/
mol) =1/20 [-S of (b) means sulfonic acid group(-SO;H)|.
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Fig. 8. Comparison of 2-naphthol conversion with solid catalysts and
solid catalysts with sulfonic acid. Reaction conditions: LHSV
=1 h'; Temp=180°C; 2-naphthol/ethanol(mol/mol) = 1/20.
The products were collected after 3 h.
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Fig. 9. Etherification of 2-naphthol with ethanol over SBA-15, SBA-
15-SO;H, and H-Beta zeolite. (a) conversion of 2-naphthol,
(b) selectivity of 2-naphthyl ethyl ether. Reaction conditions:
LHSV =1 h!; Temp =180 °C; 2-naphthol/ethanol(mol/mol) =
1/20 [-S of (a) and (b) means sulfonic acid group(-SO;H)].

E ool A] 2-naphthol?] AF-&o] 714 & Zvll= SBA-15-
SO,H&IT}. 2-Naphthyl ethyl ether®] A& E=7} 71 =& Fulj e
SBA-15-SO,HS3IL}. SBA-15, SBA-15-SO,H Z1|1E- o] o1 Az}
[41014 7P S5t |2 gkeld H-Beta(Si/AI=12.5) Al2Elo|E
£ 7K 3L A3dste] v]wskSithFig. 9). A3 WS kelA 3
a‘a P} FU3I3IT). SBA-15-SO;HS} H-Beta®] 2-naphthol %t

2 7 9] H]5=8ATE. 2-Naphthyl ethyl ether®] X181 %3= SBA-15-
SO3H7]- H-Beta KU} 9~11% 327l WERKTE. Fig. 102 AbsA{ 2] o]
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