DESCRIPTION Title of Invention OL ADSORBENT AND METHOD OF MANUFACTURI NG

O L ADSORBENT 5 Technical Field The present invention relates to an
oi | adsorbent for recovering oil fromwater and a method for manufacturing
an oil .adsorbent. 10Background Art Recently, effective utilization of

inmportant. In order to 15achi eve the purpose, purificatio

nanely, to separate other substances from water is mecessary-!559__ _

met hod for separating other subsyancescfrompigquidg yarious nethods have
been known. Exanpl es of the nethods include nenbrane separation,
20centrifugation, activated carbon adsorption, ozone treatnent,
floccul ati on, and renoval of suspeanded &t Uer-ewittidr particul ar adsorbent.
By using such ®IetARSOREENAND M0 2NCESMARY HRCTURINEcOLhgARRORBENTENt
such as ghosphorus and nitrogen contai ned 25i'n water can be renoved, and
oil and clay dispersed in water can be renoved. Anong t hese net hods,

t he nenbrane separation is one nost ner YU . However, when oi

di sper sed in water is renoved, tﬁ%%%hfég%}p$% f%n1that the oil tends to
clog fine pores of tifg REYAnNe A JASHL LS tedi{R o Thes@iF8ent N maNy
cases, the menbrane separation is not appropriate for renoval of oil in
Swat er. Thus, #srareebhediher di@nPtong waiterSunid as deed ofdr from wat er

i nclude, for exanple, a method of gathering heavy oil floating on water
surface with amasufataned ngetenowidategisdapardki ng use of levitation property
of heavy oil and suctioning to recover from 10 the water surface, or a

net hod ﬁ@ spreadi ng hydrophobi ¢ nat PBFXIER¥PRg2&dsor bi ng property to heavy

oil on water and ad%@k%ﬁﬂﬂ_ 0 JfL£cover heqy. 0i | romithe

y . F i oi nt
of this, recently, am appr a(ch of° 3 TMet s J‘aznatolicfn ac%ifsovf%%%:f ?%?%%{“ggr\@vm?re
oi | is 15di spergedand -adsQeiaNG ! @ # 6HRYE 1% 0ide Jd1UBNEHer With the of |
adsor bent has been tried. For exanple, patent docunent 1 discloses a
techni que of adserbifdget 0 re@FRYe fOiva it erudisid auaid riadsor bent
conprising magnetic particles covered with organi c substances such 20 as
resins on the s@ffacatt hedeshe Bdwevers, vaoooridipny ttantt.he Iretdwithr due to | ow
dispersibility in water, the functional particles tend to settle in or
float oh®the WAEBAS¥Er £hee PUERESE t PEIGIALCAGHAR Wt YR RTf inaRThY y Risor bed
and renoved.

wat er resources is required because of industrial develo fore,
reuse of wastewater such as industrial eff{iuent and the W,Wﬂ”m’ @Mﬁl
As a

separate other substances from water is necessary.

As a method for separating other substances from
liquid, variﬁus methods have been known. Exaﬁples of
the methods include membrane separation,

20 centrifugation, activated carbon adsorption, ozone
treatment, flocculation, and removal of suspended
matter with a particular adsorbent. By using such a
method, chemical substances largely affecting
environment such as phosphorus and nitrogen contained

25 in water can be removed, and oil and clay dispersed in
water can be removed.

Zmong these methods, the membrane separation is

one most generally used. However, when oil dispersed
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25Further, patent docunent 2 discloses a nethod of adsorbing oil by using
adsorptive polyner as an oil adsorbent having a hydrophilic block and a

| i pophilic” block, and then renoving the adsorptive polyner from water.
However, such a nmethod has a problemthat not only it takes nuch | abor to
separate the adsorptive polynmer and water but al so the adsorptive polyner
to S5which the oil is adsorbed is nmade softened to deteriorate the
mechani cal strength, resulting in poor workability. Prior art docunents

Pat ent docunents 10Patent docunent 1: JP-A 60-97087 (KOKAI) Patent document

2: JP-A 07- 102238 Wd€IAl )s Sturmdred pfchévenis o geephematnhProbhenshin view of
t he probl ens descri bed above, an object 15o0f the present invention is to
provi de an oil tadsby bentchayi fighdigdees 00 Gdsondinhgaseapaei tysuhtwater and
hi gher nechani cal strength. Solution to Problem An oil adsorbent according
to an enbodi nertNBIC thef ©0i MRS ncHudBaRY noR §a8Ri cthar FpePEdNand a
pol ymer formed on surfaces, of or between theiénorganic 8?% ig%fs wher ei n

[

t he content|%ﬂ%§3ﬁrﬁﬁﬁ?qrﬁﬁgﬂﬂﬁ(9qﬁﬁ??fﬁige 5505 B9V 9 Mre and
97% by vel une qr 5SS Mgl i vies t rﬁé‘ﬁuécﬁ‘%&ﬁ[‘i&n&@ié%%ﬁ gngdnthe 25

pol ymer, and an area of the inorganic particles iIs % or nore and 60% or
less rel ative theadryCroass-feat iviited 1Melidw) Jpdt Cepanpl &) €8 Aeehddeor

pol ymer. Advant ageous Effects of Invention According to the

i nvention, an gidthadsiordérdashaveilg filigheingidén awsoebi sigrfapacviyhianwat er
and hi gher mechani cal strength can be provided. S5WMbde for Carrying Qut the
| nventi on Her eiodf M ceidditfeitatat ah trfkingsesdent bFvikatioNention, a

o1 i th t he oFSREENDER RRATY B eut | et Sabtind 1 Fyeoiot oppen 0

adsorbeQb) the water surface, or a method of spreading hydrophobic
matters having adsorbing property to heavy oil on water
and adsorbing to recover heavy oil.
From the viewpoint of this, recently, an approach
of immersing an oil adsorbent in water where oll is
15 dispersed and adsorbing to remove the oil from water
with the oil adsorbent has been tried. For example,
patent document 1 diécloses a technique of adsorbing to
‘remove oil from water using an oil adsorbent comprising
magnetic particles covered with organic substances such
20 as resins on the surface thereof. However, according
to the method, due to low dispersibility in water, the
functional particles tend to settle in or float on the
water surface; thus, the oil could not be efficiently
adsorbed and removed.
25 Further, patent document 2 discloses a method of
adserbing oil by using adsorptive polymer as an oil

adsorbent having a hydrophilic block and a lipophilic



In*an oil adsorbent in the enbodinment, inorganic particles formcores,

whi ch are covered with a polynmer and are aggregated. In the inyention, a
ratio of the inorganic particles to the oil adsorbent is, in terns 150f

vol une;- from50 to 97% and preferably from 70 to 90% and an area of the
inorganic particles present in a cross-section of the oil adsorbent is from
30 to 60%to the total. When the ratio of gye inorganic particles is
20smal | er than 50% voids between the particles beconmes small and the oi
beconmes difficult to perneate into the inside; thus, oil adsorbing capacity

becortes smal | er) Eut! gt PRER EBGLAKLO-AL LAGAIBRL QAN 1AL Gty exceeds

97% since a resin anount 1S too the sufficien ani ca

strength for usgatérWatgeweannot shenoht akReda Shisl b bybbhen cwlendhe area
of the inorganic particles present in a cross-section of the oil adsorbent
is less than 30361y het meehasni nathslakogt hookepheaakl tadsadberptieeones t oo
small to be practically applied. Wien the area becones |arger than 60% a
space capabl e dohonef ngnéheaber Hetreasesths seesuptive peilvgesndlcl in the
oi | adsorbing cgpacity. .. .By formng iinto_such structure, while
naintainfﬁg théﬁﬁﬁﬂhah?%a?lét?En@?ﬁogkeghéSOWF88d§82B§HF9 £Re oi| adsorbi ng
capacity can b L e kn f .can.be

cal cul at ed 10f$§%§%%£% ?gecgﬁgeﬁggg ﬁggfgngﬁgéﬂgtg’s%g%gﬁgéﬁgeﬁg 8P+
particles in therfiapwimiey|al . However, it can be obtained by heating a
product to 500C or nore in an oxygen-free state to volatilize all resin to
nmeasure a resirPmiont entt docthentsan area of the inorganic 15particles
present in a cross-section can be obtained in such a nanner that a
cross-section dittRHedgUEaRERdi ng an oil adsorbent in an enbedding resin

i o1 occdbe, and par (TATES: oiCOEREF St MRt AQ GAPEr cll6eKaTs bi nar i zod

(binarizalion). A Clrossesechboflng’ 23 3b-hNB7010,3d801RBRL S an area
i i P In é

obt ai ned by connecting the inorganic particles presént out er nost

shell, and a ratio of an area of giygndNeroant coddiéel es occupying in the
area is 25calculated. Further, a threshold value upon binarization is a

val ue by whi ch tdwenrbreaahtfresisleri t he i norganic particles and that of a
portion other than those can be distinctly separated. For exanple, a value
of a valley portion betweey ®fi ghe nesgbpenrsdescrhbeidnabgani capapcbiecés and

t he polgger nayéﬁell be taken as the threshold value. 5Further, it is
preferable to KidvelE GEfiTht RYRIIFPR Whebe PReVHEARt ABI @31larESpFrESEAL

much on a suff% %,Q{ t L adsor be lLess ip the inside_thereof. A
. i ha )
hol | ow oi | adso%beng'cé%ﬂ%% used as ﬁ%?fggvﬁg%aghgﬁ énsY?gﬁfu?ggls f or ned,
since a space mg@hgkﬂﬂgéﬂghigéli§hféﬁ&@ﬁ.inSide t hereof, the oil adsorbing
capacity increase, and, since particle density of the outside is high, also
t he mechani cal sstyigrgirh R e Bss Deh Nt ai ned.
An oil adsorbent according to an embodiment of the
20 invention inc¢ludes inorganic particles and a polymer
formed on surfaces of or between the inorganic
particles, wherein the content rate of the inorganic
particles is 50% by volume or more and 97% by volume or
less relative to the inorganic particles and the
25 polymer, and an area of the inorganic particles is 30%

or more and 60% or less relative to a cross—section of

the inorganic particles and the polymer.



As'long as the oil adsorbent is fornmed |ike this, 15a manufacturing nethod
thereof is not particularly restricted. For exanple, when a spray drying
met hod such as spray drying is used, force does not work during
aggregation; thus, aggregates having voids between particles can be readily
manuf actured. I n 20particular, when the spray drying is conducted at a
tenperature higher by 30C or nore, preferahly 50C or nore than the boiling
poi nt of the solvent, a surface is instantaneously formed by rapid drying
and the sol vent remai ned inside thereof expands and cones out, 25thereby
particles havi nggpaftdsdShdlanstdn didfefgpeg-bsiween a surface |ayer and
the inside can be fornmed. The inorganic particles formcores of the oi

adsor bent; thus, thendsoordbmd ctpatie ciegenteony opar bylseleetredntr om t hose
that do not cause a |arge chem cal reaction even when dipped in water for a
short time. Exdepliesy dfighwr usiabladsomrigani capasitel 85 vattndendparticl es
of ceram cs such as fused silica, crystalline silica, glass, talc, alumna,
cal ci um si | i cateIh&H dTRFhaHEr Honat e S h URFR UP? AR ECVHEBResi a, silicon
nitride, _.boron nitride, alum numnitride esjium oxi de, berylium oxide,
m ca and”so on: or parti cl2Eeof® #%fribhgggﬁgagh ngﬁyﬁﬁﬁ?opron, copper and
al l oys thereof and s Q0 OfrQxi des bl ROASUGE 88 BRINELLLEwehtMBRI te,
pyrrhotite, magnesia ferrite, cobalt ferrite, nickel ferrite, barium
ferrite and soter iern®ial, pamdtHas oFf emprefecfedihe €98t8ID a
15magnetic material because, when the oil adsorbent is recovered, the
magneti ¢ mat er eds omks: advrghtaagesusiq . for recoMéplinagreei eihavethatieés not
restricted to particular materjial but is desirable to be a substance

showi ng a f err g FASERF TSN 97 £990M RPpEP LR eI2DEBgi on. However,

upon congucting t.he enbodi nent, the magnetic material is not restricted
thereto?gand f FPQhﬁﬁ%%?ﬁ%”ﬁ&terials can be used in general. Exanples of

the magnetic materiafs Arn%ﬁdeacimbe@&'.parstﬁgnéra#a;&meﬁfe9nin§g§é1§£&te,

ilmenite, pyrrhotite, 25magnesia ferrite, cobalt Territe, nic errite,
barium ferritepartisl e ARG AdESevhidIe 404 Iédee EOIPOLIENSa EXEEYhEAt I N
the stability in water can nore effectively achieve the invention. For
exanpl e, Fe304andamey agtampiettiacs | Smathonlyvehebpnbud adsho stAbteeas a
magnetic material and also safe as an elenent; thus, magnetite is

pref erabl y used"PESRISE iRALTS Asy T tite ¢hl viderrherat hentin terms

15 of volume, from 50 to 57% and preferably from 70 to
90%, and an area of the inorganic particles present in
a cross-—section of thg 0oll adsorbent is from 30 to 60%
to the total.

When the ratio of the inorganic particles is

20 smaller than 50%, voids between the particles becomes
small and the oil becomes difficult to permeate into
the inside; thus, oil adsorbing capacity becomes
smaller. Further, when the ratio of the inorganic
particles exceeds 87%, since a resin amount is too

25 small, the sufficient mechanical strength for use in
water cannot be obtained. Still further, when the area

of the inorganic particles present in a cross-section



A size and a shape of the magnetic material are not particularly restricted
as long as an area of the cross-section when forned into aggregates is from
30 to 1060% An average particle size of the magnetic material is
preferable to be from0.05 to 100 pm and nore preferable to be fromO0.5 to
5 pm Here, the average particle size is neasured according to a | aser
diffraction nethod. Specifically, SALD DS2d 15neasurenment apparatus

(manuf actured by Shinmadzu Corporation) or the like is used to neasure.

When the average particle size of the magnetic material is |larger than 100
pm unf avorabl vt ager egat ediseaidert] €s aAlesexaessidm y tee geedimaricgipor in

t he 20di spersion into water when recovering oil, and an effective surface
area of the pastirehgshdedr daseitlo adawkian tdeévreasss i toadsox bl nge dapacity
of the oil and so on. Further, when the average particle size is smaller

than 0.05 pm BAP&FECABILY, apPlmc, pdthare|tess Z50eh I SPTRRRYr e e aHthh
sufficient spa to_adsaorb the il c ot. be obtained, thereb er f or mance
tends to be de%§$VoFaF€89eH§%§é§¥ﬁﬁgp q%é%%ﬁ[ﬁﬂ?i%ﬁi}éﬁﬁFe§%ﬁgﬂﬁéry
aggregate are uyged.for c i q Lk d mary ol ’@aﬂ&?c ingle
particl eghavi ng a sf;l):héLrnl %%ﬁ%?h%%?lazg&%eﬁa% a'cs&ﬁ%c%)fek?lrg% an | n%e)?l nite
shape, and the secomgars 2AgLdat MRS ANsLPuEegad e wofi1dhe primry
particles and the sane as the oil adsorbent according to the invention. The
above- ment i oneslaanérage nparthiec vecisze desl priefesrdtil enf witichoutl restricting to
the magnetic material, also in inorganic particles such as the 10ceramnc
particles and AGBREGRETH c thet - LpAATAURINTI FRPEFIHY HeadRamEHes zq%E

exerted. I n the enbodi nent, olyner that covers the cores of the
oi | adsorbent forned &FHKREHIS dé'hlatcép t9 e %ﬂi%e et et ARA of

pol y”ﬁ‘rf%as | 0Bg @S ot F%l%' Yt e %a%%og%ﬁ)lngée: Uy £ N YIRL A NG as a
pol ymer™ backbone, at ['east one of styrene,” butadiene, 1soprene, .
acrylonitrile, pakkykiaer ¥nat@e 336 aldodringthagiolats )i siiddh ige the oil
adsorbing capacity and desirable. (Manufacture of oil adsorbent)

20Her ei naf t er , oatranatabtyuhieng inet Rografidvart ad Sar benimoak theaenbodi ment

w Il be described. Firstly, the above-nentioned inorganic particles
and so on, a pokyger-farg stoslevamt valartd lgrzspaldd, remit thweswearurariaxed to
fabricate a predeterm ned slurry 25sol ution. The solvent A is not

particul arly rE8§ErNcERATERH-on§EdNeE c & Fr&ShIqfe B SHAHRHIENIS form a

slurr \ . . . .
Y 15 particles present in a cross-section can be obtained in

such a manner that a cross-section obtained by
embedding an oil adsorbent in an embedding resin such
as an epoxy resin and by cutting it is observed with
SEM or an optical microscope, and particles and other

20 than the particles are binarized (binarization). A
cross-sectional area of the oil adsorbent is an area
obtained by connecting the inorganic particles present
in the outermost shell, and a ratio of an area of the
inorganic particles occupying in the area is

25 calculated. Further, a threshold value upon
binarization is a value by which the brightness of the

inorganic particles and that of a portion other than



10" sol ution where inorganic particles are dispersed, and is preferably a
pol ar solvent. The polar solvent is excellent in the hydrophilicity and is
conpati bl e "with hydroxyl groups slightly present on surfaces of the
5inorganic particles to uniformy disperse the inorganic particles in the
pol ar sol vent w thout aggregating. In the enbodi nent, "the
hydrophilicity" defines to be freely conpagible with water, specifically, a
state where, when the solvent is mldly mxed with pure water 10 of the '
sanme anount under one atm and at 20C, and also after flow is cal ned, the
m xture can MaichHcAid i i M APPEHANG eseparatedXanpbesefimp e, hydrophilic
sol vents i nclude nethanol, ethanol, n-propanol, isopropanol, acetone,

15t et r ahydr of uraiueAedt aneraic ¢ etoathydt dielvased hat 1 glatnels s Spdakes vaf | ous
polyners are preferred. On the other hand, when the solvent A is a nonpolar
sol vent, the s&bhgednoxgadis BATtophott card| ehtPeHete hatRrasval SoPgent

solubility in water of 20Qwhich i 0% or_less); thus, in sone cases,

i nor gani c partFé%@? 56@F&&N€;§§gh§iﬂlﬁ§%P%blution to be ununiform
Thereforg, when an o rbent, J :g?ﬂy r r di ray drying
descri be% bel ow, ancélc‘)'llrlt adsor etgnltg; ts%a d%%'céi%ot[egc}g%?%% ?%%é%%ﬁ?c
25particles, oOktaclulreadsRRentns Gl NG Mty prsgeniguPardmcies is
manuf actured; thus, a step of separating defective products inappropriate
as 11 practi caurdiakceadsorthentoils auwtaskntFuridielessi iiceclad sing hrde
conpositions of the defective products are not uniform when returning into
the slurry sol Gbegecdpon? éigsilny ollcaposthdonataans yassed s thel def ecti ve
5 products is %ﬁeded in order to mintain the solvent concentration at a

set value, makl'R§Mt R¥CR & &F HCTHRE T rAt¥Sonttnce & SPag&kttoF he
resul tapg slur rs¥o%8ll}?;§ﬁri 1S AL e o d ndhe spr aé’ﬁéjré/idfgadéozﬁg’irrgg%’gam .

drying nethod rs whére an organi ¢ solvent 18 renbved from-an
mat eri al - cont abBFBQi%?:' Wi 442 obfral N & Rl LM Bl ke g €, et eplal . Zn
t he enbodi nent, the organic material is a resin conposite particle, that
is, an oil adsenheitieadeondigty taldde-HentedHaom ¢4l 1Sdredt H heart neg gani c
particles are used as cores circunference of which is covered with the
above pol yner.maintaiaedording to the spray drying nethod, by controlling
an anbi ent tenperature and a spraying speed 20upon s ray-drﬁéng, an average
particle size of se@Snd&\F &iyretfatdst IREIT 3T hets %kﬁ@?%l kageeyat ed
can be ntrol led, and al sa _voids .,are forned when the organic_ solvent is
£ . Y- .

rem)ved]_(': rom bét vm\ggﬁl%f’lﬁ ugglélrgeénaetsceh(f%rﬂ%efrpdﬁ |nccftesp,a?ék?"f1@a“f Y possi bl e
toreadily forphatricted. For example, when a spray drying method

such'as spray drying is used, force does not work

during aggregation; thus, aggregates having voids

between particles can be readily manufactured. 1In

20 particular, when the spray drying is conducted at a

temperature higher by 30°C or more, preferably 50°C or

more than the boiling point of the solvent, a surface

is instantaneously formed by rapid drying and the

solvent remained inside thereof expands and comes out,

25 thereby particles having particle density difference

between a surface layer and the inside can be formed.

The inorganic particles form cores of the oil



25porous structure preferable as the oil adsorbent. The anbi ent
tenperature during spray drying due to the spray drying nethod is
preferable’'to be higher by 12 30C or nore than the boiling point of the
solvent- A. This is because by speedily vaporizing the solvent A fromthe
oi | adsorbed particles to forman outer shell before a solvent in the
inside is volatilized, by which 5the density difference of the primary
particles between the inside and the outer shell can be formed. Wen the
tenperature difference is smaller than 30C, the outer shell is forned
slowy; thus, thecselaret drg/oltdfd |iir\7&d%a'5r‘z&®t i 01 s ol aaeous) y
10w th the inside, where the density dif erenéﬁﬂfs difficultéto e§%§blish
in some cases. selectedlceprisdr Whag nkt hosk megude anyanfe vt dmkaenn
spray drying nethods. Exanples thereof include a disc type, a pressurized
nozzl e type, amg&aORG-AM @WEMohene diBpgse. 1 G3tarchverd rajiont Hodye .
Next, a method of recoveringéﬁgl using the oil adsorbent will be descri bed.
t

The oi | recoveringi§¥%WP%ﬁﬁ) e _ %ﬁ%ef4?ﬁﬁﬁﬁﬁkﬁ Qﬁﬁﬁ%ﬁ*ﬁ?ﬁf??ﬁﬁ?ﬁl.
Here, 20ghe ” 0%%&'1%%%%’ ST QG ”'ﬁ(ﬁy ;[aggru!%l%fcmg(ﬁdi%%e't n.and di spersed

in water, a conhponent that is general i room t€nperature,
difficult to dsgselkws iglaeatleralis! abimalng hidh i e MiSeas taa1 &g | over
in the specific gravity than water. Mre specifically, 25exanples thereof

i ncl ude ani mal carboplazrt, tatrs vanduditlk td)ydizapardions,s idrieat i ildend so
on. These are represented by fatty acid glycerides, petroleum higher 13
al cohol s and sBO8RN Bad¢h iGepe adlumginum HifHifle Mratesifumeisital group
cont ai ned thergin; .thus, i.n accqrdance therewith, the pal yner_ and

functional gro _ﬁré’&r‘ré‘m totﬁ‘ﬁdﬁ_g fRE2oPP adSorBentC &t e TeeGed Bt the
beginniqig, an QLLnadsonhghl g, ! m&se%ogg;;geoﬁd'a%erﬁd I dater, cont ai ni ng

the oil. As describ aboveé, a’l i pophi i YIer 1°s T°or med "on e Sur f ace

of the oil adsgpbgft c@Wichd de@ &hERLBEUIRICISIIMGIAY e @ tiyenitdie oil i
adsorbed by the polymer owing to the 10affinity between the polynmer and the

oil. At this tpperhbtitlkee saghaseaoffetdrd tei,| ateqrberdisd)otfdiatl but

preferably porous, the adsorption efficiency for the oil becones high. As

descri bed abovéerwhgs.t kerdium dd¢sgibentnds svamuf.act ured using the spray

drying The metal particles are preferred to contain a

15 magnetic material because, when the oil adsorbent is
recovered, the magnetic material works advantageously.

The magnetic material is not restricted to

particular material but is desirablg to be a substance
showing a ferromagnetic property in a room temperature

20 region. However, upon conducting the embodiment, the
magnetic material is not restricted thereto, and
ferromagnetic materials can be used in general.
Examples of the magnetic materials include iron, alloys
containing iron, magnetite, ilmenite, pyrrhotite,

25 magnesia ferrite, cobalt ferrite, nickel Zferrite,

barium ferrite and so on.

Among these, the ferrite compounds excellent in



15met hod, a-relatively porous adsorbent can be formed, nmeking it possible
to inprove the adsorption efficiency for the oil. After the oil is adsorbed
by the oil “adsorbent, the oil adsorbent is separated from water and the

oi | 20i n. water is separated and renoved. The oil adsorbent can be readily
separated by the use of a well-known nethod such as precipitation due to
the gravity or centrifugal force with cyclgne. Further, when the inorganic
particles contain a nagnetic material, 25separation by nagnetic force can
be used together. Water that is a target of the oil recovering
treatnent is nehePakkiguliaf) Mo estd:ctamth mokd Sacddi cadly, adnihisd rirpd
waste wat er, sewage water, human sewage and so on can be used. The oi
concentration geReaitied.i n fwat exanp Uss tHeflpd rissnglef t hergmpatiticularly

restricted. Then, after the oil is adsorbed with the oil adsorbent
and renoved fromtwarndy, chiearoibutaddecheritakls was rednagingt ¢ stanialB to
renove the adsorbed _oil. The solvent B has to be one that does not dissolve

the pol ymer us@8di #lfRe SGif® &dsSrb&tErSecititcal RAINE Wl Yher is used of

differen ol'ymer use 0 cover or surtace nodification.
Exanpl es t her egh-clzReltge met hanol, ethanol, n-propanol, 15i sopropanol,
but anol , isobutanol, hexyl alcohol, cyclohexanol, acetone, nethyl ethyl

ket one, nethyl isobw Wizketzone,a neidpd @ ettad epapidtylc acetat gl propyl
acetate, butyl acetate, diethyl ether, isopropyl ether, dibutyl ether,
t et r ahydr of ur anotdpaxanculaydlyo r@edrd, ctZGL [doriener Ms dimedsa <hithae,
Freon, n-hexane, cycl ohexanone, tal uene, Xxylene. nong t hese,

A a
non- pol ar sol vERPSES SE&FEPEMRERY TSraret Fatho RRSTRSRESA arS soTAfent &hi bi t's
the hydrephobl goty and Beeomes %&E‘ﬂ%}jrs{%zeh'o%“ ol (i Gaald I d o it h the

oil; thus, the 0il" cOfrponen orbe e oIl can be sinply

and effectivel y WasBedrabakt her peMielnt e oronRelRY0 Sl el rerdised, 15 the
deteriorated adsorbent can be very easily separated and renoved. The

"hydr ophobi ci t preffeaa®lehgb blae feokulni.[5 tty ion At emdre , 10%Oradeassgand the
sol vent separates fromwater. In particular, hexane is high in 5 solubility
of the oil andpestakdeysiaestiabealsiugpedd dveragsiag thchas ttdweoi l i ng poi nt
of 70C, and thus, hexane is preferred because of its handling.
diffraction method. Specifically, SALD-DS21
15 measurement apparatus (manufactured by Shimadzu
Corperation) or the like is used to measure.

When the average particle size of the magnetic
material is larger than 100 um, unfavorably, aggregated
particles are excessively large to be poor in the

20 dispersion into water when recovering oil, and an
effective surface area of the particles decreases o
tend to decrease in adsorbing capacity of the oil and
so on. Further, when the average particle size is
smaller than 0.05 pm, unfavorably, primary particles

25 densely aggregate and a sufficient space to adsorb the

‘0oll cannot be obtained, thereby performance tends to be

deteriorated. Here, terms primary particle and



Further, as the solvent B, alcohol can also be preferably used. In this
case, alcohol is readily 10replaced with water attached to or adsorbed on
the surface of the oil adsorbent, nmking it easy to renove inpurities other
than oil. Anmong al cohols, nethanol and ethanol having | ow boiling point are
particularly preferable. 15The step may include a nethod where the oi
adsorbent is charged in a colum, for exangle, and the solvent B is passed
through the inside thereof, or a nmethod whére, when the oil adsorbent
contains a magnetic material, in particular, the oil adsorbent is 20charged
into a washing ﬁﬁﬂ’ n i h e Lyl ous therein
and a cycl one 5%9%26net:?§§h%§§?§ %ggdﬁ$%§ gégaggﬁygﬁggéggﬁplgge
Hereinafter, the-jNaseradtwent ifdanélb bengbspgsitieakl yadengrbbed with
reference to Exanples. (Exanple 1) Six parts by weight of polystyrene
(G990, 16 manufEuredl bshalapan: Rodyghydeat Soaper abroan dedsifipité. 05

g/ cnB) were dissolved in 300 m of tetrahydrofuran to prepare a solution,
and 400 parts HPaRsS gRDDItRt SHEMBARL Vegher Pr_t paPerBFed3n (88HEREFESS. O

/cnB, b5specific surface area: 3.0 np/ havi ng an _avera article size of
%000 nn1%2re di%pe %ﬁ?ﬁ%?ﬁ?%&%ﬁﬁ?&?%%g)?%gr %% 3?%8n§85?5Fgﬁl s obt ai ned.
The conposition b@{@yg&%dgﬁ%%%ggeaim e spray drier (Type B-290,

manuf act ured by Shi bata Kagaku and spherically aggregated resin
conposite having an BVerage, SerOdasNeRaETE L8 dparRt Bl c0kiaBoyt 20 pm
nanely, an oil adsorbent particle was manufactured. When t he oi
adsor bent was ghsgraredla t wixIBEN tdetoidttatsorbenbepmagnetbcwas found to
be formed into 15a porous body. Wien a SEM phot ograph of a cross- section
of the oil adsHBXERIPar t3ldde Wasi 1@k B B haFieedsushobfalhet he

ticle . density, the oil adsorbent ticl bt ai ned_whi ch _had_th
par ti ol 60%r ea GETGOHC MAF itk ¥ I I CPENGRRRTFS BT br BREEGF EAr 880V d

in the center. o441 WRLA égﬂg¥%s§§%{k§5rength of the particle was
tester -

measured with a mcroconpression W600, manufactured by Shinmadzu

Corporation), it wasr? thdRapbdaihder, #es1 OmdrdtRhtt BEvEREIPERLE! EORYAS
charged into 25water of 20 ml containing 5000 ppm of machine oil ( BENYSUN

sewi ng nachi ne odi ItheB-dlilll)adsambeart of d rmedicent tied | Dilorfanbt eparascles
investigated after stirring
and so on may be any of polymers as long as the polymer
15 adsorbs the oil. A polymer having, as a polymer
backbone, at least one of styrene, butadiene, isoprene,
acrylonitrile, alkyl acrylate, and alkyl methacrylate
is high in the o0il adsorbing capacity and desirable.
(Manufacture of oil adsorbent)
20 . Hereinafter, a manufacturing method of an oil
adsorbent of the embodiment will be described.

Firstly, the above-mentioned inorganic particles
and so on, a pelymer, and a sclvent A are prepared, and
these are mixed to fabricate a predetermined slurry

25 solution.

The solvent A is not particularly restricted as

long as it can dissolve a polymer to form a slurry



17'for 1 mn, it was found that 99.6% of oil was adsorbed. Resul ts
are summarized in Table 1. The density difference between the outside and
the inside'was evaluated as follows; hollow (D), gradient (0), and 5al nost
no gradient (x). The particle strength was eval uated as foll ows;
conpressive strength of 2 MPa or nore (0), no collapse when stirred in
water (0), and coll apse when stirred in ter (x). The oil adsorption rate
was eval uated as follows; 99% or nore (0),(b7@6or 10nore and | ess than 99%
(0), and less than 97% (x). (Exanples 2 to 5) Except that an anount

Of 2, Lesin (conent ool ool d NLOAle DALl sl ep). s, cliangedcd n agmnner

simlar to Exaﬁﬁ , sanples “were pre s are own 157N Tabl e

1. The less the appuil Ghines Bovas (ddedar ge dihe contendofalee of s

inorganic particles was), the lI'ess the inorganic particles in a

Cross-section waselakett e rbee @irdpHiEendet ¢ e genesmiLtibldeviess the
anmount of resin was, the better the oil adsorption 20rate was. (Conparative
Exanpl e 1) hydrBxyépigrichats aiigmiyt mfesentesim swasfadenged the 0.1 cf, a
sanple was prepared in a manner. simlar to Exanple 1. Results are shown in

Tabl e 1.°Al t hoti§RTE225CoRFESUGIGT 6 il E0F gl r BRR T $D RS nar et §
after spray drying. en.the.aggregates were stirred in water..the

aggregat es al nééf%&ﬁ%%é&deﬁhrﬁgg"% |rrmsr%/lvef§ pwafﬁr}oclf LI B Absor bi ng
capacity could not he eval yat - qggpar ' §%§¥Hﬁ ;2 ceht; Lbatean
anount of the resin was chané:gogjltnge 10 g@%vrg}érrp e V\glsg%)%}a)ac?%dl%n atmanner
simlar to Exappl €rédelResulips:tda sShawh ivatkab)| &pecMtdUGh, 8 state
cross-section of a conposition had the density difference of the inorganic
particl es bet webarthewhersi déeam livieetouitss imiel, dlay gaipcdrbtwisen puves | wetgmani ¢
l10particles of a surface of the conposition was partly buried. The oi

adsor pt+8n r at efwabeneasgr eFcastoENgRY (®aRiTes B4 R B)2EkeeFnS FdSSSpr ay

et e e R8s R S0 SIS e BT L
appearance.

Examples of the hydrophilic solvents include
methaﬁol, ethanol, n-propanol, isopropanol, acetone,

15 tetrahydrofuran. Acetone and tetrahydrofuran that can
dissolve various polymers are preferred.

On the other hand, when the solvent A is a
nonpolar solvent, the solvent A is a hydrophobic
solvent (defined as a solvent solubility in water of

20 which is 10% or less); thus, in some cases, inorganic
particles aggregate in a slurry solution to be
ununiform. Therefore, when an oil adsorbent is
manufactured according to spray drying described below,
an oil adsorbent that does not contain inorganic

25 particles, or an oil adsorbent containing only
inorganic particles is manufactured; thus, a step of

separating defective products inappropriate as



rarsed, the density of the inorganic particles of a cross-section of a
conposition began to generate a gradient in the density. Wen a spray
tenperaturée was set to 120C (the boiling point63.5C) or higher, 20about one
hal f of.oil adsorbent particles becanme hollow particles, and at 140C, about
70% t her eof becane hol |l ow particles. The oil adsorption rates were higher
than the sanple prepared at |ower tenperatyyres. (Conparative Exanple 3)
25Except that a spray tenperature was changed to 55C (the boiling
point-1.5C), a sanple was prepared in a nanner simlar to Exanple 1.

Resul ts are shownddl cahd Jiablfidderifisnd Nes LEIPEL QL Ur Bupeset OVBIRde L1180

density gradient of the inorganic particles in a cross-section of a

conposi tion begare didddidfodd st iEdtedhite i Srodueogposethon packed to

the inside was fornmed. The 5o0il adsorption rate was |ower than a

conposi tion prepdifedtmmt VED {Exanpires doce ocig)slurry sgkeepent BRENI n

Exanples 10 to 15, the type and an anpunt of a_pq%gner were changed, and in
[

Exanpl es 16 10&38ESERIt e IRRC DI FMF gl vk ¥ e%h%agééﬂﬁﬁb% , and a
spray tegperat g:%:l%é;f’x‘%scs;gffs fxfeelqzeoac’i Sanl &3 tl"‘;'g[) 3 ﬁf&%egﬁxé Ns &1 JRNDEr

simlar o Exa sults are shown i'n ong as the content

rate of the inerLgRRING RAILE! LS ANb@ vAWO, Ghakileg | ARL 0RNkEedoparticles in
a cross-section were controlled, even when the types of the polynmer and

i norgani ¢ part irehes wereiklkawged, conpositions higher in the oil adsorbing
capacity and higher in the nechanical strength could be obtained. 20
Cross-sectional aredledt | ndrgyargsuiant cs BAr Xy nopanienpast feray=+ pol ymer)

(% 09 dried. In the spray-drying, a spray drying method is
10 used where an organic¢ solvent is removed from an
organic material-containing solution toc obtain a
particulate organic material. In the embodiment, the
organic material is a resin composite particle, that
is, an oil adsocrbent according to the invention in
15 which the inorganic particles are used as cores
clrcumference of which is covered with the above
polymer.
According to the spray drying method, by
controlling an ambient temperature and a spraying speed
20 upon spray-drying, an average particle size of
secondary aggregates where primary particles aggregated
can be controlled, and also voids are formed when the
organic solvent is removed from between the aggregated
primary particles, making it possible to readily form a
25 porous structure preferable as the oil adsorbent.
The ambient temperature during spray drying due to

the spray drying method is preferable to be higher by
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30°C or more than the boiling point of the solvent A.
This is because by speedily vaporizing the solvent A
from the oll adsorbed particles to form an outer shell
before a solvent in the inside is volatilized, by which

5 the density difference of the primary particles between
the inside and the outer shell can be formed.

When the temperature difference is smaller than
30°C, the outer shell is formed slowly; thus, the
solvent i1s volatilized substantially simultaneously

10 with the inside, where the density difference is
difficult to establish in some cases.

The spray drying method may be any of well known
spray drying methods. Examples thereof include a disc
type, a pressurized nozzle type, and two-fluid nozzle

15 type.
(0il recovering method)

Next, a method of recovering oil using the oil
adsorbent will be described. The o©il recovering is to
separate the oil from water containing the oil. Here,

20 the "oil" means, among organic materials mixed with and
dispersed in water, a component that is generally
liguid at room temperature, difficult to dissolve in
water, relatively high in the viscosity, and lower in
the specific gravity than water. More specifically,

25 examples thereof include animal and plant fats and oil,
hydrocarbons, aromatic oil and so on. These are

represented by fatty acid glycerides, petroleum, higher
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alcohols and so on. Each type of oil 1s unique in the
functional group contained therein; thus, in accordance
therewith, the polymer and functional group
constituting the oll adsorbent can be selected.

5 At the béginning, an oll adsorbent is immersed and
dispersed in water containing the oil. As described
above, a lipophilic polymer is formed on the surface of
the o0il adsorbent owing to a molecular structure, and
thus, the oil is adsorbed by the polymer owing to the

10 affinity between the polymer and the oil. At this
time, if the surface of the olil adsorbent is not flat
but preferably porous, the adsorption efficiency for
the oil becomes high. As described above, when the oil
adsorbent is manufactured using the spray drying

15 method, a relatively porous adsorbent can be formed,
makxing iﬁ possible to improve the adsorption efficiency
for the oil.

After the oil is adsorbed by the oil adsorbent,
the oil adscrbent is separated from water and the oil

20 in water is separated and removed. The oil adsorbent
can be readily separated by the use of a well-known
method such as precipitation due to the gravity or
centrifugal force with cyclcone. Further, when the
inorganic particles contain a magnetic material,

25 separation by magnetic force can be used together.

Water that is a target of the ¢il recovering

treatment is not particularly restricted.
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Specifically, industrial waste water, sewage water,
human sewage and so on can be used. The oil
concentration contained in water to be treated is
neither particularly restricted.

5 Then, after the o0il is adsorbed with the oil
adsorbent and removed from water, the oil adsorbent is
washed with 2 solvent B to remove the adsorbed oil.

The solvent B has to be one that does not dissolve the
polymer used in the oil adsorbent. Specifically, a

10 polymer is used of which solubility in the solvent B is
1000 mg/L or less.

Such a solvent is different depending on a polymer
used to cover or surface modification. Examples
thereof include methanol, ethanol, n-propanol,

15 “isopropancl, butanol, isobutanol, hexyl alcohol,
cyclohexanol, acetone, methyl ethyl ketone, methyl
isobutyl ketone, methyl acetate, ethyl acetate, propyl
acetate, butyl acetate, diethyl ether, isopropyl ether,
dibutyl ether, tetrahydrofuran( dioxane, cyclohexane,

20 chloroform, dimethyl aniline, Freon, n-hexane,
cyclohexanone, toluene, xylene.

Among these, & non-polar sclvent is particularly
preferred. The non-polar solvent exhibits the
hydrophobicity and becomes particularly high in the

25 affinity with the ¢il; thus, the oil component adsorbed
by the oil adsorbent can be simply and effectively

washed. Further, when the nonpolar solvent is used,
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the deteriorated adsorbent can be very easily separated
and removed. The "hydrophobicity" means that the
solubility in water is 10% or less and the solvent
separates from water. In particular, hexane is high in
solubility of the oil and is always a stable liquid
because it has the boiling point of 70°C, and thus,
hexane is preferred because of its handling.

Further, as the soclvent B, alcohol can alsco be
preferably used. In this case, alcohol is readily
replaced with.water attached to or adsorbed 6n the
surface of the oil adsorbent, making it easy to remove
impurities other than oil. Among alcohols, methanol
and ethanol having low boiling point are particularly
preferable. |

The step may include a method where the oil
adsorbent is charged in a column, for example, and the
solvent B is passed through the inside thereof, or a
method where, when the oll adsorbent contains a
magnetic material, in particular, the oil adsorbent is
charged into a washing bath and much solvent B is
charged simultaneously therein, and a cyclone or
magnetic force is used for separation.

Examples

Hereinafter, the present invention will be
specifically described with reference toc Examples.
(E#ample 1)

Six parts by welght of polystyrene (G590,

>

4



uo ta,3 DO O OCPOP 0D 06 OD OO lat' lat, Inorganic particle
1 Magnetite Magnetite [ Magnetite eqTgan6ew Magnetite

16

manufactured by Japan Polystyrene Corporation, density:
1.05 g/cmB) were dissolved in 300 ml of tetrahydrofuran
to prepare a solution, and 400 parts by weight of
octahedral magnetite particles (density: 5.0 g/cm3,

5 specific surface area: 3.0 m2/g) having an average
particle size of 1000 nm were dispersed in the
solution, thereby a composition was obtained.

The composition was sprayed at 100°C with a mini-
spray drier (Type B-290, manufactured by Shibata Kagaku

10 KK) and spherically aggregated resin compesite having
an average secondary particle diameter of about 20 um,
namely, an oil adsorbent particle was manufactured.

When the oil adsorbent was observed with a SEM,
the o0il adsorbent particle was found to be formed into

15 a porous body. When a SEM photograph of a cross-
section of the oil adsorbent particle was taken and
binarized to obtain the particle density, the oil
adsorbent particle was obtained which had the particle
area of 60%, and had a particle density difference with

20 a void in the center.

When the compressivg strength of the particle was
measured with a microcompression tester (MCT-W500,
manufactured by Shimadzu Corporation), it was 2.2 MPa.
Further, when 0.1 g of the composition was charged into

25 water of 20 ml containing 5000 ppm ¢f machine oil
(BENYSUN sewing machine oil, B-111), and an oil

concentration in water was investigated after stirring
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for 1 min, it was found that 99.6% of oil was adsorbed.

Results are summarized in Table 1. The density
difference between the outside and the inside was
evaluated as follows; hollow (®), gradient (O), and

S almost no grédient (x). The particle strength was
evaluated as follows; compressive strength of 2 MPa or
more (®), no collapse when stirred in water (O), and
collapse when stirred in water (x). The oil adsorption
rate was evaluated.as follows; 99% or more (®), 97% or

10 more and less than 99% (O), and less than 97% (x).
(Examplesrz to 5)

Except that an amount of a resin (content rate of
inorganic particles) was changed, in a manner similar
to Example 1, samples were preéared. Results are shown

15 in Table 1. The less the amount of resin was (the
large the content rate of inorganic particles was), the
less the inorganic particles in a cross-section was,
and the more voids tended to be generated. The less
the amount of resin was, the better the oil adsorption

20 rate was,

(Comparative Example 1)

Except that an amount of a resin was changed to
0.1 g, a sample was prepared in a manner similar to
Example 1. Results are shown in Table 1. Although a

25 composition formed an aggregate form immediately after
spray drying, when the aggregates were stirred in

water, the aggregates almost collapsed into primary
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particles. The oil absorbing capacity could not be
evaluated.
(Comparative Example 2)

Except that an amount of the resin was changed to
10 g, a sample was prepared in a manner similar to
Example 1. Results are shown in Table 1. Although a
cross—section of a composition had the density
difference of the inorganic particles between the
inside and the outside, a gap between the inorganic
particles of a surface of the composition was partly
buried. The o0il adsorption rate was measured as 96.9%.
(Examples 6 to 8)

Except that spray temperatures were changed,
samples were prepared in a manner similar to Example 1.
Results are shown in Table 1. As a temperature was
raised, the density of the inorganic particles of a
cross-section of a composition began to generate a
gradient in the density. When a spray temperature was
set to 120°C (the boiling point + 63.5°C) or higher,
about one half of oil adsorbent particles became hollow
particles, and at 140°C, about 70% thereof became
hollow particles. The o0il adsorption rates were higher
than the sample prepared at lower temperatures,
(Comparative Exaﬁple 3)

Except that a spray temperature was changed to
55°C (the boiling point-1.5°C), a sample was prepared in

a manner similar to Example 1. Results are shown in
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Table 1. As the.temperature was lowered, the density
gradient of the inorganic particles in a cross—section
of a composition became difficult to establish, that
is, 2 composition packed to the inside was formed. The
0il adsorption rate was lower than a composition
prepared at 75°C. |

{Examples 10 to 17)

Except that in Examples 10 to 15, the type and an
amount of a polymer were changed, and in Examples 16
and 17, the type of inorganic particles was changed,
and a spray temperature was set to 120°C, samples were
prepared in a manner similar to Example 1. Results are
shown in Table 1. As along as the content rate of the
inorganic particles and a ratio of the inorganic
particles in a cross-section were controlled, even when
the types of the polymer and inorganic particles were
changed, compositions higher in the oil adsorbing
capacity and higher in the mechanical strength could be

obtained.

c) Particle strength, & Conpressive strength of 2 MPa or nore,
pse upon mxing in water, X Collapse upon mxing in water

co
@ (¢)(c) Q@@@0 @

@@
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1. An oil d&ddsorbent particle, characterized by conprising: inorganic
particl.es; and 5a polynmer fornmed on surfaces of or between the inorganic
particles, wherein the content rate of the inorganic particles is 50% by
vol ume or nore and 97% by vol une or »,» less relative to the inorganic
particles and the 10pol yner; and an area of the inorganic particles
is 30%or nore and 60% or less relative to a cross-section of the inorganic
particles and the polyner. c L A Z-MT&e oil adsorbent particle
according to 15claim1, characterized in that the density of the

i norgani c particles lhecatfesoishaddssrdgmmpastid bee afatdetorizeadsioy bent:
particle toward an inside thereof. 3. The oil adsorbent particle
accordi ng to 2@ch@inhsinacharacterized in that the inorganic particle is a
net al oxi de. 4. The oil adsorbent particle according to claim 2,
characterized in that"AHENHORPRICIRF1iTIe is a netal oxi de

5 a polymer formed on surfaces of or between the
inorganic particles,

wherein the content rate of the inorganic
particles is 50% by volume or more and 97% by volume or
less relative to the inorganic particles and the

10 polymer; and

an area of the inorganic particles is 30% or more
and 60% or less relative to a cross-section of the
inorganic particles and the polymer.

2. The oil adsorbent particle according to

15 claim 1,

characterized in that the density of the inorganic
particles becomes smaller from a surface of the oil
adsorbent particle toward an inside thereof.

3. The oil adsorbent particle according to

20 claim 1, characterized in that the inorganic particle
is a metal oxide.

4. The oil adsorbent particle according to
claim 2, characterized in that the inorganic particle
is a metal oxide.

25 5. A method of manufacturing an cil adsorbent
particle, c¢omprising:

mixing inorganic particles, a polymer, and a



255. A nethod of manufacturing an oil adsorbent particle, conprising:

m Xi ng inorganic particles, a polynmer, and a 23 solvent to prepare a
slurry soldtion; and spraying the slurry solution under an
environment a tenperature of is higher by at |east 30C than the boiling
poi nt of the solvent. :

23

solvent to prepare a slurry solution; and
spraying the slurry solution under an environment
a temperature of is higher by at least 30°C than the

boiling point of the solvent.



