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Characteristics of Graphite Using Ball Mill and Comminution of
Graphite Using Jet Mill
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Department of chemical engineering Soonchunhyang University
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Abstract Graphite has three forms, flake, highly crystalline, and amorphous. Flake graphite is flat,
angular, and has irregular edges. This type of graphite is widely used in friction materials, lubricants,
and nonflammable materials. Ball milling was used to reduce the size and blend materials. Ball milling
of flake graphite resulted in large particle sizes and attachment to the balls and ball mill surfaces.
Furthermore, attachment of graphite to ball surfaces resulted in a 20% increase in ball diameters.
However, when graphite was mixed with an oxidizer, graphite did not attach to ball surfaces. Gab
widening did not occur when graphite flake was mixed with an oxidizer such as sulfuric acid or
perchloric acid, but gab widening of 10mm was observed when graphite, an oxidizer, and insertor (a
mixture of sulfuric acid and ammonium sulfate, perchloric acid, and potassium permanganate) were

used. Jet milling resulted in a 71% reduction in particle size versus ball milling as determined by SEM

and particle size analysis.
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S A(flake), 11274 (high
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Table 1. Raw sample graphite data.

Particle Size(um) Dv50(um) S;Z:ftl;
sample 1 500- 212+ 488 1.77
sample 2 106- 40+ 66.8 1.9
sample 3 350- 106+ 287 1.05
Model No. BM-0102-70-1000 sample 4 150- 75+ 149 1.89
Date 2018. Jan
Power 220V/10
Motor 0.75KW g — Samplel
Size(cm) 1125+570 * 1105 .g” — Sample?
Weight 110kg gl Sample3 /
Fig. 1. Ball Mill image and Simple Information[6] é ’ Sampled \A_L
£ 0 ‘ ‘ ‘ ‘ ‘
2.1.2 I-IIEDEI : Siz;OClasses(um) v o
XﬂEmOG}t Mill, DAEGARZ, AIE 7155 ol8ato] Fig. 3. Particle size distribution o f sample 1 to 4
ARE E45tH, 12HCyclone)®} 2XKBag Filter)Z 1} before experiments.
Hol S Hhsislc, ARE 4] 9 e
(b)

8BarZ 7|20 A%S AMWslgrh @ |

Model No. JM-LA
Date 2018. Jan
Power 220V/10

Material SUS304

Comp Air 7.5-9.9kg/cm’

Weight 40kg

Fig. 2. Jet Mill image and Simple Information. Fig. 4. SEM image of samples a) sample 1 b) sample

2 c) sample 3 d) sample 4
2.2 HeAeF 2 A=

A8 Zolo] tigk AHE Table 19] Atk Sample 23 28
231

12 Qingdao Kropfmuehl Graphite® A|&o|H, 3.1 Y A
2,3,4= Samjung CNG A& A& Al=e] 299 3]1+E 500RPM, E2 37 Smm < ‘Q-?—
EREES HARE AR Fig. 3, 400 Utk U, AHFAE 220l ARRSIglon %

BEFEA ARE As] SAARIY] S A= 712 A7 12417, 24/\]7} 7247402 MPFo. \:q lg__

AJAZ H,S0,(Sulfuric acid, 95%, DAEJUNG),¥  wo] x|z} Bo] 2ASL 10%. 30% 50%= stk
HCLO,(Perchloric Acid, 70%, DAEJUNG), AFIA|= [6] 29 Age 1) 23 A5 FAE =435t

20T =2 T1 0uv :'5-_ ]E
(NH,),SO,(Ammonium Sulfate, 99%, DUKSAN)2} E2 AJan)ell FAzt. 2) 7FsARE RPME A2
KMn O,(Potassium permanganate, 99.3%, SAMCHUN) ofaL ELJHE AARIT: 3) 247 AR Almet éL

o sosio] ALSHIHAT 8101 Al R A T BI} ARE Rl 4) 2
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Fig. 5. SEM image of Sample 1.
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Fig. 6. Mean size change of graphite by operation time.
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Fig. 7. SEM image of graphite by operation time.
(a) 6h, (b) 12h, (c) 24h, (d) 72h
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Fig. 8. Mean size change of graphite by volume of jar.
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Fig. 9. SEM image of graphite by volume of jar.
(@) 1L, (b) 7.3L

500

Particle size(um)
&
(=]

Fig. 13. SEM image of graphite by kind of ball. (a)
Sample 1, (b) Alumina, (c) Stainless steel, (d)

400 : : : . : 7i .
sample 1 10% 30% 50% irconia

packing rate(%o)

b
Fig. 10. Mean size change of graphite by packing rate. V(a) | )

Fig. 14. Change of ball size before and after
experiments of sample 1. (a) sample 1, (b)
12h, (c) 72h, (d) 72h (Samjung CNG)

Fig. 11. SEM image of graphite by packing rate.

(a) Sample 1, (b) 10%, (c) 30%, (d) 50% 30
El
500 = 20
T
= =
=2 w
E/ \__d_/___ = 10
n 450 [==]
)
2
= 0 ‘ . ‘
~ oh 6h 12h 24h 72h
00 ' — - T Time(h)
sample 1 Alumina Stainless Zirconia
steel . . . .
ind of ball Fig. 15. Change of ball size by operation time.

Fig. 12. Mean size change of graphite by kind of ball.
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Fig. 18. Gap of graphite by addition of sulfuric acid
and Ammonium Sulfate.
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Fig. 16. SEM image of graphite before addition of  AISIAE Zo| ARgslo] &9 HHS WA Akslst of
5wt% sulfuric acid (a) before addition (b) o A¥olF|o] oJ5) B9 7kZo] WA= AL < & 9]
%300, (c) %3000 -
ik
3.2.2 gt gt SEH0| 25t 5219 £
s}

Fig. 19. SEM image of graphite before addition of
5wt% perchloric acid. (a) x0, (b) x300, (c)
x3000

Fig. 17. SEM image of sample 1 by add1t10n of
sulfuric acid and Ammonium Sulfate. (a) 0%,

b 2%, (0 5% (d) 7%
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Fig. 20. SEM image of graphite by addition of
perchloric acid and Potassium manganate.
(a) sample 1, (b) 2%, (c) 5% (d) 7%
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0%

Fig. 21. Gap of graphite by addition of perchloric
acid and Potassium manganate.
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Table 2. mean particle size change by jet milling.

mean particle size of | mean particle size of

before after
jet milling (um) jet milling (um)

sample 1 488 144
sample 2 66.8 51.8
sample 3 287 138
sample 4 149 127

Fig. 22901& Al=19 XﬂEE'___l A% A 9] QEEE

0|1, Fig. 232 A% A & HA v Apdolct. 488um
olate] Az} BEajElo] BFUAo] FoRle AL &

& Qlom, HAnF ARIOIAE 22 o] Holil
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Fig. 22. Particle size distribution samplel after Jet

milling.

(b) v (0

Fig. 23. SEM image of sample 1 after Jet milling. (a)
before experiment, (b) after experiment
(x100), (c) after experiment(x200)
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Fig. 27. SEM image of Sample3 after Jet mill. (a)

before experiment, (b) Cyclone(x300), (c)
Bag Filter(x 1000)
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Fig. 28. particle size distribution of sample4 after Jet milling.

(a)

Fig. 29. SEM image of Sample4 after Jet mill. (a)

before experiment, (b) Cyclone(x200), (c)
Bag Filter(x 1000)
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